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Abstract 

Many gardens are managing plant records independent of each other in two distinct systems; a plant 
records database and mapping software.  This causes unnecessary data entry duplication and consistency 
errors. BGBASE and IrisBG are among the most used database systems for recording plants, ArcGIS is a 
robust system for mapping gardens but is currently used by only 10% of gardens. The current Parks and 
Gardens Information Model for ArcGIS provides a free geodatabase structure for databasing and mapping 
gardens.  The current model focuses on garden infrastructure with some capacity for storing plant 
collections data, the current capacity is not suitable as a single repository for plant records data.  In order 
to expand the current model, a thematic analysis was performed, comparing the current model, BGBASE 
and IrisBG.  Tables from all three systems were categorized by theme, with 21 themes identified across all 
three systems. Fields from system tables were used to identify sub-themes within each theme. Key 
functionality within each theme was also identified.  A survey of the user community was performed to 
identify which themes and functionality are most important when documenting plant collections. The user 
community identified 11 themes and 6 functions as important.   Implementation of these themes and 
functions was completed by adding subthemes absent from the current ArcGIS model and common to 
both BGBASE and IrisBG to the current ArcGIS model. A total of 10 new tables, 1 point feature class and 31 
new relationships were added. Sample plant records data was migrated into the new model and the new 
model was validated by performing the 6 functions identified as important by the user community in the 
survey.  The new model was able to perform all functions in a similar number of steps as they are 
performed in BGBASE and IrisBG.  The new model has significant improvements in both data schema 
capacity and functionality and can be used as a single system for plant records, based on input from the 
user community. Uptake of this model by the user community will improve the efficiency, effectiveness and 
accuracy of plant records data. 
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Chapter 1. Introduction 

1.1 Background 
 

Botanical gardens and arboreta, as living museums, are distinguished from parks and gardens by their 
commitment to collect and display plants for the purpose of science, conservation and education (Rakow 
& Lee, 2011).  Plant collections are carefully curated at these institutions; each plant is assigned a unique 
identifier (known as an accession number).  The accession number allows for the collection of data for 
unique individuals within plant collections and is used to document, label and map each individual plant 
in the garden (Rakow & Lee, 2011).  Educators, scientists, horticulturists, conservationists and garden 
staff rely on these detailed plant records to conduct their work, while visitors to these living museums can 
learn about the collections from the same records.  Plant records also allow gardens to quantify and 
communicate information about the biodiversity of their plant collections.  Whereas the accession 
number is the unique identifier for each plant in the plant records, the plant name is the unique identifier 
of the species in the plant kingdom.   
 
Historically, plant records were maintained in logbooks and with hand drawn survey maps (Rakow & Lee, 
2011).  Today, larger gardens use collection management databases such as BG-BASE, IrisBG or Brahms, 
along with mapping software such as AutoCAD, BG-Map or ArcGIS to document and map their gardens 
(Weber & Beagan, 2017).  
 
Plant recording requires a specialized skill set; plant knowledge as well as technical expertise in data 
management, database design and maintenance and proficiency with mapping software.   Small gardens 
and gardens with resource constraints often rely on horticulturists to keep plant records (Rakow & Lee, 
2011).  Data collection and maintenance training is offered by software providers and is easily accessible 
to garden staff.  For example, training for ESRI software can be obtained for minimal cost through the 
ESRI-APGA (American Public Gardens Association) partnership (Environmental Systems Research Institute 
[ESRI], n.d.).  However, database design and the organization of this data is a more sophisticated skillset, a 
skillset in which most gardens lack capacity. 
 
Organizing GIS data and designing a geodatabase is a necessary starting point for capturing geographic 
data.  The Alliance for Public Garden GIS provides solutions that assist gardens with the management of 
their GIS data. 
 

“The Alliance for Public Gardens GIS is a consortium of biological collection managers and GIS 
professionals who are dedicated to making geographic information systems more accessible to 
arboreta, botanical gardens, cemeteries, display gardens, historic landscapes, natural reserves, 
parks, theme parks, zoos, and other managed landscapes for use in asset management, 
biodiversity conservation, education, and scientific research”  

(The Alliance for Public Gardens GIS, 2018) 
 
One of the solutions they provide is The Parks and Gardens Information Model, a free GIS data model, 
that provides users with a customizable starting point for managing the geographic information of their 
institution (Artz, 2009). 
 
The current model is designed to work in conjunction with a dedicated plant records database such as 
BG-BASE or IrisBG, providing a mapping component. Although efforts are being made to sync both BG-
BASE and Iris-BG with the ArcGIS Parks and Gardens Information Model (IrisBG, 2018; BG-BASE, 2018), 
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managing two systems (one for tabular data and another for geospatial data) adds unnecessary 
complexity to the plant records management process.  Managing two systems results in duplicate record 
keeping and errors, costing institutions time, money and accuracy.  Because the current model was not 
designed to be used as an independent plant records system, it has limited capacity to store in depth 
information on each accession. Installation and population of the model requires familiarity with the 
ArcGIS user interface.  Both BG-BASE and Iris-BG are excellent examples of what information a plant 
records database should store and how it should be organized. Both systems come with standard 
reporting and analysis tools as well as a customizable interface that can facilitate data entry, however 
neither offer the analytical mapping power that ArcGIS does.  Inclusion of more data capacity in the 
ArcGIS Information Model will provide gardens with one data management system that can be used for 
both tabular and geospatial information. These tools will vastly improve the ability of gardens to 
accurately track and communicate the biodiversity of plant collections.  
 

1.2 Problem Statement 
 

Many gardens are managing plant records independent of each other in two distinct systems; a plant 
records database and mapping software.  This causes unnecessary data entry duplication and consistency 
errors, thereby preventing gardens from accurately communicating information on the biodiversity of 
their holdings.  The current Parks and Gardens Information Model is not suitable as a single repository for 
plant records data as it does not have the capacity to store some of the key information required. These 
limitations prohibit the current model from being used a single data management system for plants 
records, storing both tabular and geospatial data.  
 

1.3 Statement of Purpose 
 

My proposed project will determine what key information is currently missing from the ArcGIS Parks and 
Gardens Information Model.  This expanded information model will allow user gardens to improve the 
efficiency, effectiveness and accuracy of their plant records data and the ability to accurately retrieve and 
communicate information on the biodiversity of their holdings. 
 

1.4 Research Objectives 
 
The following questions will be answered: 
 

1. How do the current schema and thematic associations of the ArcGIS Parks and Gardens 
Information Model, BG-BASE and IrisBG differ? (Analysis) 

2. What additions to the current schema and what new associations will enable gardens to use the 
ArcGIS Parks and Gardens Information Model as a single system for their plant records? (Survey) 

3. What additions to the current schema and new associations should be integrated into the 
existing Parks and Gardens Information model? (Implementation) 

4. How can existing data be migrated into the modified Parks and Gardens Information model 
schema? (Migration) 

5. Do the improvements to the existing Parks and Gardens Information model provide improved 
data schema capacity and functionality, enabling its use as a single system for their plant records?  
(Validation) 
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1.5 Contributions 
 
The original ArcGIS Parks and Gardens Information Model allowed gardens to adopt GIS, regardless of 
their size or financial status.  The focus of the original model was to capture physical infrastructure and 
basic plant collection information. While this model provides users with a comprehensive framework for 
capturing spatial data, many gardens still feel it necessary to use two systems to records plants.  
Significant challenges have been identified with current documentation practices, system selection as 
well as technology obsolescence are high on this list. (Detrick, 2016).   Data management and mapping 
are largely accomplished with the use of two systems.  While users of the current ArcGIS Parks and 
Gardens Information Model are satisfied with the system itself, mapping is considered the largest 
challenge when it comes to managing documentation tasks (Detrick, 2016).  The proposed expanded 
ArcGIS Parks and Gardens information model endeavours to provide a single system for recording plants 
that can be implemented with very low cost at small and large gardens alike.  The proposed model will 
address current challenges with mapping in the public garden community and provide a means to 
effectively store and communicate accurate information on the biodiversity of their holdings. 
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Chapter 2. Literature Review 
 

Many public gardens struggle with how best to manage their plant records. Detrick claims that staff time, 
financial constraints and the selection of an appropriate system are the top three challenges gardens face 
when it comes to documentation (Detrick, 2016). Poor data management often prevents gardens from 
accurately recording and communicating the biodiversity of their holdings (Pautasso & Parmentier, 2007; 
Aplin, 2014; Detrick, 2016).   GIS is a powerful management tool for living collections data at public 
gardens, yet it is underutilized.  Detrick claims that mapping is the number one challenge gardens face 
when documenting collections (Detrick, 2016). Detrick found that almost half of the gardens surveyed 
were using hand drawn paper maps, followed closely by users of IrisBG mapping capabilities. A small 
portion of gardens are using ArcGIS, only some of which are using the ArcGIS Parks and Gardens 
Information model (Detrick, 2016).  Although the current Parks and Gardens Information Model provides 
a framework for users to manage their records, limitations in data capacity, functionality and user 
friendliness limit its use and require that a plant records database be used in conjunction with ArcGIS. 
There is consensus in the public garden community that an integrated system for both mapping and 
accessions data is needed (Weber & Beagan, 2017). There is currently no single system that provides the 
necessary data storage capacity, mapping capabilities, functionality and ease of use required to manage 
plant records in a single system.  Research is needed to determine how the existing Parks and Gardens 
Information Model can be transformed into a sole repository for both tabular and spatial data, while 
providing the functionality required for users to carry out essential tasks and communicate accurate 
information on the biodiversity of their holdings. 
 
Sections 2.1 and 2.2 below look at current plant recording systems and their efficacy, providing important 
background on the current state of plant recording.  ArcGIS geodatabase design, and standards for 
storing taxonomic data are also looked at as one area that will likely need improvement in the current 
model.  
 

2.1 Plant Recording 
 

It is well established that plant recording is an essential part of managing living collections in botanical 
gardens.  As living museums, botanical gardens use plant records to attach information to each specimen 
in their collections (Rakow & Lee, 2011).  Rakow outlines the function of a plant records office and 
explains the use of the Accession Number as a unique identifier for individuals within plant collections 
(Rakow & Lee, 2011). Accession numbers are usually formatted to include the year of acquisition, for 
example a plant with the accession number 20180001, would be the first plant acquired in the year 2018.  
This number follows the plant in the records database, mapping software as well as on physical labels. 
Plant records are key to understanding species richness and plant diversity in botanical gardens (Rakow & 
Lee, 2011). Poor data management has been found to hinder the communication of information about 
the holdings of botanical gardens (Pautasso & Parmentier, 2007; Aplin, 2014). 
 

2.1.1 Data Management 
 
Numerous studies have investigated and compared the software options available for databasing and 
mapping gardens.  Relational systems are considered the most robust, the leading options used by public 
gardens include BG-BASE, IrisBG and Brahms (Weber & Beagan, 2017), with BG-BASE and IrisBG used 
primarily for living collections data and Brahms used primarily for herbarium collections. The most used 
data management systems include IrisBG, Microsoft Excel, Microsoft Access and BG-Base (Detrick, 2016). 
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The most commonly used mapping systems include hand drawn, IrisBG, digital drawing (Microsoft word, 
AutoCAD, adobe illustrator), and ArcGIS (Detrick, 2016).  

 

BG-BASE 
 
BG-BASE is comprised of over 300 database tables, packaged into modules that gardens can purchase. 
Modules include:  Living Collections, Preserved Collections, Conservation, Education, Propagations, ArcGIS 
Connector and HTML, with Living Collections being the primary module used to curate plant collections 
(BG-BASE, 2018).  The most used collections management tables include: 
 

• Accessions: background information about a plant before it arrives at the garden 

• Plants: current information about the plant in the garden 

• Names: taxonomic information 

• Images: metadata for all images linked to accessions or other records 

• Locations: locations in the garden 

• Data Sources: citations 

• Horticultural maintenance: tracking for plant and garden maintenance activities 

(BG-BASE, 2018)  

 

BG-BASE tables interact via relational indexes and BTree indexes.  Each major table in BG-BASE has an 
associated everything to Index multi-value field that stores relevant words for a particular record. (BG 
BASE, 2021) This field is indexed in a table (called a BTree Index), allowing users to search for any word in 
a record via the key field of a particular table. Relational indexes are used to create direct table links, with 
information written from one record to another with the use of multi-value fields.  A multi-value field can 
be used to attach multiple records in one table to a single record in another table.  The relational indexes 
allow data tables to be linked at a field level. 

BGBASE does not in itself have mapping capabilities, rather provides fields in various tables to store GPS 
coordinates.  Currently, BG-BASE can be linked with the mapping program BG-Map and work is underway 
to link it to ESRI products, Google Maps and Berkely Mapper (BG-BASE, 2018).   

From a data entry perspective, BG-BASE provides users with customizable entry forms with popup menus 
that assist with data integrity.  (BG-BASE, 2018).  Figure 1 provides an example of a standard data entry 
interface, with a data entry page in the NAMES table and a pop-up menu providing a set list of data 
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options for the Name Status field.   Additional functionality is also available to search and report on plant 
collections. Basic searches can be performed using the Find tool, pictured in Figure 2.  

  

The Find tool allows users to search by taxon or by basic collection information, without having to design 
their own query. The inventory tool allows user to create lists by collection location to facilitate field 
work.  Figure 3 illustrates how user can retrieve both current and historical information on the plants in a 
particular location by selecting the condition of the plants in a particular location.  

Figure 2:BG-BASE Find Tool 

Figure 1: BG-BASE Names data entry table with example of pop-up menu 
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The S/List reporting tool allows user to input customized selection criteria to create saved lists or export 
reports.  Figure 4 shows a sample query, where 20 random records will be selected from the PLANTS 

table, showing data in the location_now field, and the data will be sorted by the location_now field.  
BGBASE also contains many automated reporting tools, such the count taxa tool illustrated in Figure 5.  
This tool allows users to quickly display basic taxon information, and the holdings within each. 

Figure 3: BG-BASE Inventory listing tool 

 

 

Figure 4: BG-BASE S-List Tool for custom records searches and report creation 
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IrisBG 

IrisBG uses SQL relational databases and is built with Microsoft.NET (IrisBG, 2018).  Like BG-BASE, 

modules are available for purchase, a standard package is available with optional modules for mapping, 

 

Figure 5: BGBASE Count Taxa Reporting Tool 

Figure 6:  IrisBG Accessions entry form 
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web, mobile, store management, index seminum, preserved collections, data import and multilingual 

data entry.  The standard package includes tables for collection management, taxonomy, reporting, plant 

labels, images and events among others (IrisBG, 2018).  Ease of use is a cornerstone of IrisBG.  Figure 6 

illustrate a sample data entry screen for a new accession.  On the left-hand side, a well-designed sidebar 

allows users to quickly access tables and the yellow fields at the top of the screen allow users to quickly 

query collection records by accession, taxon name and family.  Tabbed data entry makes it easy to input 

related information.  For example, Figure 7 illustrates how numerous items within an accession can be 

added by simply clicking on the items tab. Similarly, the taxa and nomenclature interface shown in Figure 

8, allows user to enter a new taxon and attach synonyms and common names using the same entry 

Figure 7:  IrisBG Items Entry Form 
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screen. The mapping module allows users to export maps via KML files for use with google, quantum GIS 

and ArcGIS.  It also provides an ArcGIS IrisBG sync tool that allows you to export data to utilize in ArcGIS 

(IrisBG, 2018).  Work continues on tools that will allow users to re-import this data back into IrisBG and 

update records. Iris BG offers exceptional functionality including: numerous label export options including 

use in MS Word mail merge, flexible report creation, data export in industry formats, and integrated web 

search tools (IrisBG, 2018).  The custom report tool

Figure 8: IrisBG Taxa and Nomenclature Entry Form 
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shown in Figure 9, allows users to create queries based on all tables and fields with an easy to use, 

selection-based interface.  This tool allows users to view, print or export customized repots. 

 

2.1.2 Mapping 
 

In 2005, Dawson surveyed 177 gardens, of which 56 were found to use computerized mapping software, 
with ESRI software being the preferred choice (Dawson, 2005). In 2016, Detrick found that 40% of 
gardens were using hand drawn paper maps, 35% were mapping plants using IrisBG and10% were using 
ArcGIS of which 5% were using the ArcGIS Parks and Gardens Information model specifically (Detrick, 
2016). 
 
Although ESRI is established as the most robust mapping system available, its limited data storage 
capacity, functionality and ease of use are restricting its uptake by the public garden community.   
ArcGIS has the capacity to be used not only for curating plant collections but also for storing data on 
facilities, maintenance, purchasing, education; data which can be used for decision making at public 
gardens (Morgan, 20011). Morgan also describes how GIS is employed in public gardens and used for: 
assessing biodiversity, planning collection expeditions, curating collections, making management 
decisions, maintenance tracking, research, topography, soils, hydrology, facilities and land use. Among 
these uses, biodiversity tracking is the most common application of a GIS system (Morgan, 2011). 

Dawson’s research identified that having a mapping system and database that interact, having plant and 
non-plant data mapped and the ability to print maps as the most important functionality in a mapping 
system (Dawson, 2005).  ArcGIS is capable of both storing and mapping non-plant data, and map printing, 

Figure 9: IrisBG Custom Report Creation Tool 
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however the current Parks and Gardens Information Model schema does not include all essential tables 
and fields required for documenting plant collections.  

Of the most commonly used plant records and mapping software, few systems provide functionality to 
link the database to its geographic data. BG-MAP data can be linked to BG-BASE data, and a toolbox exists 
to sync data between IrisBG and ArcGIS, however most gardens maintain mapping and plant records 
systems independently (BG-Map, 2018; IrisBG, 2018).   

In 2001, Sucher conducted a survey showing 30.7% of public gardens use ArcGIS to map their plant 
collections but only 0.9% use ArcGIS as a stand-alone system.  Thus, most gardens use ArcGIS alongside a 
plant records database (Sucher, 2001). 

The ArcGIS Parks and Gardens Information Model provides a solution for gardens to organize their GIS 
data (The Alliance for Public Gardens GIS, 2018).  Shields explains how using this model to organize GIS 
data enabled the UC Davis Arboretum to share information about their collections effectively and 
Popovich describes the successful implementation of GIS to map the Dawes arboretum with limited 
resources (Shields, 2010; Popovich, 2003).  Figure 10 shows the current model, which consists of 14 
feature datasets, 63 feature classes, 1 raster, 11 tables, 73 relationship classes and 106 domains. 
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Figure10: ArcGIS Parks and Gardens Information Model design 
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While the current model is robust in many areas, data storage capacity is lacking when it comes to 
accession information, taxonomy, referencing/citation and image capabilities. 

In 2017, Weber and Beagen provided a comparison of the ArcGIS Parks and Gardens Information Model, 
BG-BASE, Brahms, FMSS, IrisBG and evaluated their ability to map gardens, store maintenance and 
interpretive data, their research capabilities, their ease of learning and cost (Weber & Beagen, 2017).  It 
argues that the ArcGIS Parks and Gardens Information Model is the highest ranked, and that both IrisBG 
and BG-BASE are solid systems (Weber & Beagen, 2017).   Taxonomic tables were identified as a key 
feature that is lacking from the current model (Weber & Beagen, 2017).   
 
The current partnership between ESRI and the American Public Gardens Association (APGA), allows 
member gardens to access GIS software and training for a $100 processing fee. (ESRI, n.d.), while BG-
BASE and IrisBG are available for purchase at significant cost.  The low-cost implementation of ESRI 
software for gardens makes it a viable option for gardens of all sizes and all budgets. 

2.2 Taxonomic Data – best practices 
 

Plant taxonomy has been and always will be dynamic. As new research becomes available, changes in 
plant names will continue to be a major challenge when documenting plant collections. Sources such as 
the plant list, ipni, tropicos and rhs plant finder are generally agreed upon as reputable, however there is 
no single source that is used by all gardens to verify plant names.  Documenting current plant names, past 
names, synonyms and references is required when documenting plants.  Inconsistency in how plant 
names are documented is of great concern. Documentation of plant names should consider the following: 

• Jansen and Dengler outline the current state of plant names in various vegetation databases. It 
argues that taxonomic data is inconsistent across databases and lacks reference information and 
suggests that well documented references enable users to understand the origin of the plant 
names and that this is crucial information in a taxonomic database (Jansen & Dengler, 2010).  

• Berendsohn recommends a data structure that can used to store taxonomic information in 
botanical databases. It attempts to create a standard, that includes all aspects of taxonomy, 
including reference information.  Entity relationship diagrams are provided, suggesting that 
consistent storage of taxonomic information will avoid over simplification of taxonomic data in 
botanical databases (Berendsohn, 1997).    

• Veiga provides a framework that can be used to assess the quality of biodiversity data, illustrated 
via a case study at using the Arizona State University Insect collection (Veiga, 2017).  

• Page describes how taxonomic names cannot be relied upon as unique identifiers for species and 
looks at other unique identifiers, including the accession number (Page, 2008).  

• Wieczork et al. describes Darwin Core “a data standard for publishing and integrating biodiversity 
information”, and how this standard improves the accessibility of biodiversity data (Wieczork et 
al., 2012). 

2.3 Geodatabase Design 
 

Peter Chen’s 1976 paper is the origin of the widely adopted entity-relationship model. (Chen, 1976).  His 

model builds on the network, relational and entity set models, combining these approaches and providing 

a multi-level data schema.  This multi-level schema is based on entities and relationships, how they relate 

to their data and path independent and path dependent data structure (Chen, 1976).  Kumar & Azad 

describe the stages of relational database design; requirement analysis, conceptual design, logical design, 

normalization, physical design and implementation (Kumar & Azad, 2017.). Their summary of current 
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works provides techniques and tools used in previous approaches to database design, expanding on 

Chen’s 1976 entity-relationship model. 

 

Entity relationships are typical documented using a UML (Unified Modeling language) class diagram.  

Consistent documentation using UML improves the interoperability between data models. UML can be 

used to model any entity-relationship, software based or otherwise, and is well suited for modelling 

software that is coded using object-oriented languages. With its first formal version released in 1997, 

UML has been widely adopted and continually updated.   The current adopted version, 2.5.1, was release 

in December 2017 and contains 13 standard diagram types including 6 structure diagrams, 3 behavior 

diagrams and 4 interaction diagrams.  

Just as UML assists in consistent documentation of entity-relationship diagrams, naming conventions such 

as those outlined by Arulraj help ensure that GIS databases are shareable, expandable and can evolve 

with current technologies. (Arulraj, n.d.).  

Arctur & Zeiler provide a comprehensive guide on how to design a geodatabase.  Typical elements of a 

geodatabase include Feature classes (or feature datasets), topology, network, metadata, tables, 

relationships, raster data (or raster catalogs) and survey data.  Feature classes and tables are associated 

with primary and foreign keys.  Subtypes, domains and topology are used for data validation. (Arctur & 

Zeiler, 2004).  The geodatabase diagrammer can be used to generate graphics for the geodatabase 

schema (Arctur & Zeiler, 2004).  To assist users with geodatabase design, many industries have created 

data models that allow users to quickly implement a standard database design. ESRI currently offers over 

30 industry specific data models that users can download for free and use to organize their spatial data 

(Artz, 2009).  The Parks and Gardens Information Model is one of them.  While the Parks and Gardens 

Information Model offers only a geodatabase design, other data models offer downloadable case studies, 

templates and tools (ESRI, n.d.).  

In conclusion, poor data management as a result of storing tabular and geospatial data in separate 

systems is preventing gardens from accurately documenting their holdings.  ArcGIS has the potential to 

improve this by offering an inexpensive integrated mapping and collections database that can store both 

plant and non-plant data.  Although ArcGIS is considered one of the best options for managing geospatial 

data in gardens and is an affordable option for gardens through the APGA-ESRI partnership, it is 

underutilized.  In its current state, the ArcGIS Parks and Gardens Information Model is not sufficient as a 

standalone system to both map and database plant records.  Expanding the current geodatabase schema 

will enable gardens to use ArcGIS to effectively communicate taxonomic and geographic information 

about the biodiversity of their holdings. 
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Chapter 3. Methodology 

 

The existing ArcGIS Parks and Gardens information model offers an inexpensive solution for gardens to 

record plant records data, however capacity to store all necessary plant records data is limited.  ArcGIS is 

used by many gardens, and considered the best option when it comes to recording spatial data for 

gardens.  Likewise, BGBASE and IrisBG are the most commonly used database systems to store tabular 

data for gardens. Unlink ArcGIS, which is available to gardens at a low cost through the ESRI-APGA 

partnership, BGBASE and IrisBG are costly systems and thus out of reach for some public gardens.  The 

expansion of the current ArcGIS Parks and Gardens Information model, adding capacity similar to that of 

BGBASE and IrisBG will provide users with a low-cost option for recording plants using a single system.  

Figure 11 below outlines the methodology used to assess the current ArcGIS model and create a modified 

ArcGIS Parks and Gardens information model.  

 

To better understand the differences between the current ArcGIS Parks and Gardens Model, BGBASE and 

IrisBG, analysis of the three systems was completed.  Trial versions of BGBASE and IrisBG with full 

capability were provided for this project, with an understanding that both BGBASE and IrisBG are 

proprietary systems and are available for thematic analysis only.   The outcome of the analysis (Phase 

3.1), as illustrated in Figure 11, was a set of themes and key functionality present within these systems, as 

well as a set of sub-themes within each theme, outlining the level of detail captured within each system.  

Upon completion of the analysis (Phase 3.1 in Figure 11), a survey (Phase 3.2 in Figure11) was used to 

determine which themes and functionality are most important to the user community.  The findings from 

this survey were used in the implementation phase (Phase 3.3 in Figure 11) to inform what thematic 

areas should be incorporated into the existing ArcGIS Parks and Gardens model and what functionality 

this new model should be capable of.   

Once identified, new thematic areas were added to the existing model during the implementation (Phase 

3.3 in Figure 11). Figure 11 illustrates how both survey results from Phase 3.2 and sub-themes, identified 

in Phase 3.1 were used to capture the appropriate level of detail within each thematic area.  In Phase 3.4, 

migration, the resulting modified ArcGIS Parks and Gardens model was populated with test data, provided 

by Royal Botanical Gardens in Burlington, Ontario.  Migration of data from Iris and Excel was also 

explored. The modified model was validated in Phase 3.5, validation, by ensuring that the important 

functionality identified by the user community in the survey (Phase 3.2 in Figure 11) can be carried out in 

a capacity that is similar or improved to that of the current ArcGIS Parks and Gardens model, BGBASE and 

IrisBG.   

Upon completion, the new, modified ArcGIS Parks and Gardens model can be used by gardens to capture 

all plant records data using a single system. 

 

 

 

 



 
 

17 
 

 

Figure 11: Overview of methodology process 

3.1 Analysis of database structures 
 

In order to identify key data elements, present in IrisBG and BGBASE but absent in the current ArcGIS 

Parks and Gardens Information model, a thematic analysis of IrisBG, BGBASE and the current ArcGIS 

model was completed.  Tables and fields were grouped together thematically, in order to simplify each 

system and provide a basis for comparison. After obtaining and installing all 3 systems, this thematic 

comparison was completed in two stages. Firstly, tables for all three systems (BGBASE, IrisBG, ArcGIS 

Parks and Gardens Information Model) were grouped based by the type of data stored, like tables were 

grouped with like tables.  Each group of similar tables were assigned a theme.  For example, tables storing 

data on plant names and related information were grouped together under the theme “Taxonomy”.    

Secondly, the fields of each feature class/table in all 3 systems were analyzed in a similar fashion, 

grouping fields based on the type of data they stored, like fields were grouped with like fields. Each group 

of similar fields were assigned a sub-theme.  For example, fields storing actual parts of a plant name were 

grouped together under the sub-theme “nomenclature”, fields storing information about the author of a 

plant name were grouped together under the sub-theme “author identification”.   The result of this 

analysis was a list of potential themes and sub-themes that could be compared against each other, 

prioritized and ultimately used to expand the ArcGIS Parks and Gardens Information Model. 
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This was achieved as follows:  

 

3.1.1 Trial versions of both BG-Base and IrisBG were obtained, installed and reviewed.  Version 1.0.4 Beta 

of the ArcGIS Parks and Gardens Information Model was obtained from the Alliance for Public Gardens 

GIS website. 

• The BG-BASE Database Manager was used to review tables, fields and indexes in BGBASE. The 

database manager, illustrated in Figure 12, shows a listing of all BG-BASE tables, their fields and 

indexes (both relational and btree).  This was used to analyze the BG-BASE data schema. 

 

Figure 12: BGBASE Database Manager; listing of BG-BASE tables and indexes for the Accessions table. 

• The IrisBG database was opened using SQL Express, Management Studio.  As illustrated in Figure 

13, the management studio shows a listing of all IrisBG tables, their fields and relationships.  This 

was used to analyze the IrisBG data schema. 
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Figure 13: IrisBG Data Structure review in SQL Express 

• The ArcGIS Parks and Gardens Information Model .xml file was imported into a new file 

geodatabase.  X-ray for ArcCatalog was used to export the existing datasets into Microsoft Excel 

for review.   

3.1.2 A thematic comparison of ArcGIS Parks and Gardens Information model, BG-Base and IrisBG 

systems was accomplished in two stages: 

• Starting with a list of the feature classes in ArcGIS (in the current Parks and Gardens information 

model) each table from both IrisBG and BGBASE was either aligned with an ArcGIS feature class, 

or flagged as having no equivalent in the ArcGIS model.  Tables from IrisBG and BGBASE that had 

no equivalent in ArcGIS, were compared and grouped based on their similarity to each other.  

Theme names were established for each grouping of similar feature classes/tables.   

• Sub-themes names were established within each theme, and were applied consistently across all 

3 systems.  A sub-theme could be present in all three systems, two systems or a single system.    

3.1.3 For each theme, a Venn diagram was created to illustrate intersecting sub-themes across the 3 

database systems. Sub-themes present in both BG-BASE and IrisBG will be focused on in the 

implementation phase.   

3.1.4 Schemas for ArcGIS, IrisBG and BGBASE were reviewed to gain an understanding of the relationships 

between data objects within each theme, and the functionality that is enabled by these relationships. The 

existing ArcGIS Parks and Gardens information model was diagrammed in UML using Lucid Chart web-

based software.  IrisBG and BGBASE were reviewed but not diagrammed as these are both proprietary 

systems whose intellectual property must be protected. 

3.1.5 Themes absent from ArcGIS and present in either IrisBG or BGBASE were used to develop survey 

questions.  The functionality within each of these themes was reviewed and a list of key operations was 

compiled.  The functionality was also used to develop survey questions.  Ultimately, important operations 

will be used to test the functionality of the new model after implementation. 
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Themes generated from step 3.1.2 and key operations identified in step 3.1.5 will be used in to survey 

members of the user community. Common sub-themes between IrisBG and BGBASE, as identified in 3.1.2 

will be used to inform implementation.   

3.2 Survey of user community 

 

The Analysis phase allowed us to understand the differences between IrisBG, BGBASE and the current 
ArcGIS Parks and Gardens Information Model at a thematic level.   The resulting list of themes, and the 
functionality they enable were used to develop a short survey for the public gardens’ user community.  
The user community was tasked with determining which thematic areas and functionality is considered 
important and should be included in the expanded ArcGIS model. This prioritization was an important 
step as it ensured the additions to the new model are added because they are required for documenting 
plants, and not just because they are absent from the existing model. The survey was used to gather the 
following information: 
 

• To confirm the need for an expanded ArcGIS Parks and Gardens Information model by asking 
gardens is they currently use two systems to record plants. 

• Confirm that ArcGIS is a commonly used tool to map plant collections 

• Confirm that BGBASE and IrisBG are commonly used tools to database plant collections. 

• Identify which of the themes, absent from the current ArcGIS model, are most important for 
documenting plant collections. 

• Identify what functionality, tied to each theme, is most important for documenting plant 
collections. 

• To determine if gardens are aware of the partnership between the American Public Gardens 
Association and ESRI to provide ArcGIS at discounted pricing. 

The results of the survey will support the need for an expanded model as well provide a list of themes 
that will be used to expand the current model in the implementation phase. 

The survey was completed as follows: 

• Themes identified in either BG-Base or IrisBG, while absent from the ArcGIS Parks and Gardens 
Information Model were used to create a series of survey questions. 

• An application for Ethical Review for circulation of the survey was submitted and approved by the 
Research Ethics Board at VIU.  

• The Survey was created using Survey Monkey’s online survey tools.  The survey included six 
questions. A 5-point Likert scale was used to determine which data themes and operations are 
most important to potential users. 

• Survey was sent to members of the Alliance for Public Gardens GIS (1006 members) via LinkedIn, 
as shown in Figure 14.  The survey was also posted on the American Public Gardens Associations 
website to 6 Professional Communities: Historic Landscapes (219 members), Plant Nomenclature 
& Taxonomy (230 members), Technology and Innovation Professionals (TIPS) (236 members), 
Horticulture, Facilities, Greenhouses (415 members), Small Gardens (254 members). An example 
of this post is shown in Figure 15 below.    
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Figure 14: LinkedIn post asking Members of the Alliance for Public Gardens GIS to complete the survey. 

 

Figure 15: Post asking members of the American Public Gardens Association professional communities to complete the survey. 

3.2.5 Basic statistics were calculated for all survey question results including minimum, maximum, 

median, mean, standard deviation and weighted average. 

Survey responses were used to demonstrate what plant records systems are currently being used by the 

user community as well as to inform which themes should be implemented.  The weighted average along 

with the combined percentage of items identified as important and very important were used to 

determine which data themes and operations were most important to potential users.   Survey results 

were also used to inform which operations should be used to validate the new model after 

implementation. 

3.3 Implementation of key elements 

 

The survey results identified which of the 21 themes (identified in the analysis phase, section 3.1) were 

considered by the user base to be most important for documenting plants.  In the implementation stage, 

these important thematic areas were incorporated into the existing ArcGIS model, using the data from 

the analysis phase (section 3.1).  Because of the thematic similarity between BGBASE and IrisBG, tables 

and fields common to both systems were prioritized for inclusion in the new model.  If an important 

theme was only represented in one of IrisBG or BGBASE, the tables and fields from the respective system 

were included. Themes, identified in Section 3.1.2.1, were reviewed and Tables identified in both BGBASE 
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and IrisBG were included in the new model.  Similarly, Subthemes, identified in Section 3.1.2.2, common 

to both BGBASE and IrisBG were used to identify fields to be included in the new model.  Relationships 

between tables in BGBASE and IrisBG in each thematic area were used to determine how to relate new 

and existing tables in the new ArcGIS model. Relationships were also added based on the ability to carry 

out the key functionality as identified by the user community in the survey.  Implementation included the 

addition of new fields to existing tables in the ArcGIS model, as well as entirely new tables (with new 

fields).  New relationships were also added to the new model, between both new and existing tables. 

Modifications were made to the existing ArcGIS Parks and Gardens Information Model as follows:  

3.3.1 Themes identified as important in the survey were added to the new data model.   

• X-ray was used to export an excel datasheet outlining all feature classes, tables and relationships 

in the current ArcGIS Parks and Gardens Information Model.   All new tables, relationships and 

fields were added to this excel sheet before creating them in ArcCatalog, as illustrated in Figure 

16.  The initial intention was to use X-ray to create new items in the geodatabase, however this 

proved difficult and much of the work was done manually. 

 

Figure 16: Sample of Excel sheet created by X-ray, used to design the new additions to the model. 

• Additions to the ArcGIS Parks and Gardens Information Model were visualized by adding them to 

the UML diagram of the original model using Lucid Chart’s online intelligent diagramming 

application. 

• New tables and their attributes were created in ArcCatalog using the Create Relationship Class 

tool.  For Many to Many relationships, the Table to Relationship Class was used to create 

intermediate tables. 

• Attention was paid to ensuring consistency across the new and old parts of the model. 

o Comments fields were added to all new tables in the model, in keeping with other 

feature classes/tables in the existing model. 

o The fields Edit Date, Editor, Creator, and Creation Data were added to each new table in 

keeping with the existing model and the ability to track editing. 



 
 

23 
 

o Model builder was used to efficiently enable editor tracking on all database feature 

classes and tables. Figure 17 shows how the iterate feature tool was used to accomplish 

this task. 

 

Figure 17: Model used to enable editor tracking on all feature classes and tables 

• Metadata was added for all new additions to the model, via the descriptions tab in ArcCatalog. An 

example of the metadata included is shown in Figure 18 for the 

PlantNamesHasPlantCommonName relationship class.  Tags, a summary and brief description 

were included for all new additions to the model. 

 

Figure 18: Example of metadata added for all new tables. 

• Domains are used in the current ArcGIS Parks and Gardens Information Model to maintain data 

integrity for fields that have a limited set of possible values.  This practice was carried through in 

the New Model, domains were added for those attributes that have binary value or a specific set 

of potential values.  Domains were added via ArcCatalog, 11 new domains were added to the 

existing model. 
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Upon completion of the implementation phase, the new modified data model included new tables, fields, 

relationships, domains and metadata, representing the important themes identified by the survey. In the 

migration and validation phases, this new model will be populated and tested for its ability to carry out 

key functionality.  

3.4 Migration of data into updated model 

 

In order to ensure the new additions to the ArcGIS model are working and to perform validation of 

functionality in Section 3.5, a set of test data was migrated into the new data model. Royal Botanical 

Gardens (RBG), located in Burlington, Ontario provided test data for the project. Tabular data at RBG is 

recorded using BG-BASE and spatial data is recorded using ArcGIS, however the ArcGIS Parks and Gardens 

Information model is not currently used by RBG.  This data set was an appropriate choice for populating 

the new model as it contained data for most fields in the new model.  Tabular and spatial data from two 

systems (BGBASE and ArcGIS) were migrated into one, the new expanded ArcGIS model.  Migration of 

data into BG-BASE provided an opportunity to understand the methodology and work involved in 

migrating existing plant records data into the new ArcGIS Parks and Gardens Information model.  

Migration of data from IrisBG and Excel, two other commonly used systems was also explored.  

Data was provided for all RBG properties however data for a small portion of RBG was populated into the 
model.   Data was visualized using Aerial Imagery obtained from the City of Hamilton.  

Data migration was completed as follows: 

 

3.4.1 Aerial imagery for a portion of Royal Botanical Gardens property was acquired through the City of 

Hamilton.  Six .sid files were provided (587047920.sid, 587047930.sid, 588047920.sid, 588047930.sid, 

589047920.sid, 589047930.sid).  All six files contain 3 bands, have a resolution of 1:11.925 and were 

taken on October 15th, 2019. 

3.4.2 Tabular data was provided pre-loaded into BGBASE.  The following steps were used to export data 

from BGBASE and import it into the new model.   

• A list of 200 accessions was generated and used as a base list of plants to populate the new 

model.  Figure 19 shows an example of a sentence used in the S/List query tool to select 200 

random records from the Accessions table.     
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Figure 19:  S/List Query Tool in BG-Base 

• The Convert list tool was used to convert saved lists to related information in other tables.  For 

example, Figure 20 shows the conversion of a list of records in the ACCESSIONS table to related 

records in the NAMES table.  

 

Figure 20: Convert list tool in BG-BASE 

• Lists created via S/List or the Convert list tool were exported using the BGBASE Data Exports 

table.  The Data Exports table was used to export selected fields for a given saved list into an 

excel file.  Figure 21 shows a sample export, with 5 field being exported for a saved list in the 

PLANTS table. 
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Figure 21: Data Exports table in BGBASE 

• The simple data loader was used to load exported data into the new ArcGIS model.  The simple 

data loader tool allows users to load data from an excel table into an ArcGIS table by matching 

fields.  Figure 22 shows an example of this tool with a listing of target and matching fields.  In 

addition to this process, some fields in the new model were populated manually as well as by 

using the field calculator.  

  

Figure 22:  Field matching function of the simple data loader tool. 
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3.4.3 The process of data migration from IrisBG and Microsoft Excel was reviewed.  While data was not 

migrated from these systems into the new model, the process was compared to data migration from 

BGBASE. 

3.4.4 RBG spatial data was provided via .shp files. A listing of the files provided can be viewed in Figure 23. 

To align this data with feature classes found in the current ArcGIS model, the following steps taken. 

 

Figure 23: Plant Records GIS data provided by Royal Botanical Gardens 

• Select by location queries were used to select data from RBG’s Arboretum property only, creating 

a small set of data to use for validation. 

• A series of attribute queries were used to separate out data into the ArcGIS Model feature 

classes.  Selected data was exported to new .shp files and loaded into the new model using the 

Object Loader. Figure 24 shows a sample data selection being loaded into the new model with 

the Object Loader, importing both spatial and attribute data. 
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Figure 24:  Data selection being loaded into the new ArcGIS model using the Object loader. 

• Table joins were sometimes used to join RBG’s BGBASE data with RBG’s spatial data. These joins 

were then exported and loaded into the new model with their joined attributes. 

• New data was also created using Editing tools to, as not all areas of the new model were captured 

in RBG’s plants records. 

Upon completion of data migration, the new model was a working plant records system for a small test 

garden.  This will enable the model to be used in the validation stage for testing useability and basic 

functionality.  The process of migration of data from BGBASE, IrisBG and Excel into the new Parks and 

Gardens Information model was also explored. 

 

3.5 Validation of key functions 
 

In the migration stage, the new ArcGIS model was populated with enough of RBG’s plant records data to 

enable basic functionality.  In the validation stage, the functionality identified in the survey as most 

important for documenting plant collections will be validated. 

Validation was completed as follows:  

 

• Each of the 6 functions identified as most important by the survey were carried out in the original 

ArcGIS model, BGBASE, IrisBG and the new expanded ArcGIS model. 

• Each of the 6 functions were assessed for both their ability to be completed as well as the 

complexity involved in completing them. 

Upon completion of the validation phase, the ability of the expanded ArcGIS model to complete all 

important functions and thus be used a sole repository for plant records data will be known. 
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Chapter 4. Results and Discussion 

 

4.1 Analysis  

 

The ArcGIS Parks and Gardens Information model is comprised of 74 feature classes (tables) made up of a 

total of 1160 fields (attributes) as shown in the UML diagram of the existing model in Figure 25.  Much of 

the ArcGIS model focuses on garden infrastructure. Figure 25 shows how Asset Maintenance and Product 

Information are central to the current data model, with most features relating to one or both of these 

tables.   These tables facilitate maintenance and tracking of physical infrastructure. Plant collection 

information is also tracked in the current model but is done so in few tables with very limited capacity to 

store plant taxonomy information.   

 

In contrast to the ArcGIS Parks and Gardens Information model, both IrisBG and BGBASE focus primarily 

on plant collection information and taxonomy information, with physical infrastructure information 

minimal to absent. Iris has 46 tables, with a total of 778 attributes and the BG-Base Living Collections 

module is comprised of 70 tables with 2167 attributes.  IrisBG is very streamlined with key information 

stored in fewer tables, with fewer attributes and relationships than BGBASE.   

Thematic analysis of the tables in all three systems revealed 21 distinct themes, with numerous sub-

themes within each theme.  

 

Themes included:  

 

1. Facilities 

2. Boundaries 

3. Physical Landscape 

4. Utilities 

5. Collections 

6. Taxonomy 

7. Development 

8. Institutional Contacts 

9. Images 

10. Locality 

11. Plant Collectors 

12. Personnel/Staff 

13. Library/Reference 

14. Conservation Status 

15. Plant Lineage 

16. Genetics 

17. Plant Permits 

18. Plant Quarantine 

19. Propagation 

20. Plant Awards 

21. Plant Parentage.  

 

A full listing of subthemes within each of the 21 themes can be found in Appendix I.  As shown in Figure 

25, 8 of these themes were found in the current ArcGIS Parks and Gardens Information Model, while the 

remaining 13 were absent, only represented in BGBASE and/or IrisBG. Both BGBASE and IrisBG tables 

were represented in 18 of the 21 themes. BGBASE did not have any tables in the Utilities, Physical 

Landscape and Development themes, while IrisBG did not have any tables in the Utilities, Plant Lineage 

and Plant Awards themes. 

 

A brief description of each of the 21 themes and the data they capture is below. For each theme, a table 

was created showing the subthemes captured within each system and a Venn Diagram is used to show 

the number of overlapping sub-themes within each of the 3 systems.   While tables were sometimes 

placed in two themes – subthemes only occur in a single theme. 
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Figure 25: UML diagram of ArcGIS Parks and Gardens Information Model, colour coded by theme 
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Themes 

4.1.1 Facilities 

The facilities theme captures information about the physical infrastructure within a garden.  ArcGIS has 

the capacity to store both the spatial location and tabular data of items such as: barriers (fences, walls 

etc.), bollards, curbs, landscape structures (fountains, gazebos etc.), unpaved and paved surfaces and 

their markings, traffic signs and calming elements (speed bumps), poles (utility, signage etc.), building 

footprints, utility boxes and vaults, visitor amenities such as furniture, signage, waste containers, picnic 

areas, restrooms, plant and animal enclosures, along with maintenance activities and product information 

for many of these assets.  

This theme is almost entirely absent from both BGBASE and IrisBG whose focus is more on living plant 

collections.  The activities table in BG-BASE allows for the tracking of work completed and could be used 

to track maintenance activities – however work is attached to projects, not infrastructure. While IrisBG 

does not have tables dedicated to physical infrastructure, limited tracking of these type of assets can be 

accomplished using the CollLocation tables. The projects table could also be used to store maintenance 

activities described as “projects”. 

 

 

 

 

 

 

 

 

 

 

 

  

Database(s)  
Name 

Number of 
Subthemes 

Subtheme Name 

ArcGIS BGBASE 
IrisBG 

2 Maintenance/project description 
Maintenance/project tracking 

ArcGIS IrisBG 1 Experience/event timing 

BGBASE IrisBG 1 Event cost 

ArcGIS 25 Furniture physical 
characteristics 
Enclosure physical 
characteristics 
Traffic calming physical 
characteristics 
Pavement marking point 
physical characteristics 
Product warranty 
Unpaved surfaces physical 
characteristics 
Product source 
maintenance of waste 
container 
Pole physical characteristics 
Waste container physical 
characteristics 
Structure physical 
characteristics 
Product status 
Pavement segment physical 
characteristics 

Experience type 
Visitor sign physical 
characteristics 
Parking fees 
Curb physical 
characteristics 
Traffic data 
Pavement marking 
line physical 
characteristics 
Utility vault physical 
characteristics 
Maintenance/project 
description 
utility box physical 
characteristics 
Barrier physical 
characteristics 
Traffic sign physical 
characteristics 
Bollard physical 
characteristics 

IrisBG 1 Event description 

Figure 26: Facilities sub-themes 
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4.1.2 Boundaries 

The boundaries theme is a collection of tables storing information for both physical and operational 

boundaries. In ArcGIS, boundaries are stored as lines and include: areas of interest, cultural areas, 

districts, exhibits, living collections, operational areas, property boundaries, property grids, sections, 

group/mass planting and, planting areas or beds. Boundaries are also stored in BGBASE and IrisBG, 

however boundaries in these systems are mostly focused on living collections and plantings. In BGBASE, 

the LOCATIONS table is used to attach plants to a particular location code. The locations table allows 

users to store mapping information for this location, as well as inventory status.  The LOCATION_GROUPS 

table can be used to group locations into larger areas, while the GARDEN_COLLECTIONS table can be used 

to group plants by collection – both presently and historically.  IrisBG similarly uses the CollLocation table 

to attach plants to a location.  The CollLocation table allows user to store map reference information, 

locations and the status of each location. The CollLocationType table is used to store descriptions/types 

of each location.  IrisBG also allows user to attach plants to Collections, the Collections table also allows 

user to store map references and staffing information.  The Plot table in IrisBG is used to store 

information on locations plants have been collected from. 

  

 

 

 

 

Database(s) Name Number of 
Subthemes 

Subtheme Name 

ArcGIS BGBASE 
IrisBG 

1 Collection/location description 

ArcGIS 12 Mass planting description 
Property description 
District name description 
Reference grid identification 
Cultural area description 
Operational area description 
Operational priority and intensity 
Area of interest description 
Exhibit description 
Planting area description 
Cultural area restrictions and registration 
Section description 

BGBASE 2 Inventory status 
Current/past plants stored 

IrisBG 4 Location status 
Associated collectors/projects 
Plot description 
Collection type 

Figure 27: Boundaries sub-themes 
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4.1.3 Physical Landscape 

The physical landscape theme, much like the facilities theme, is almost entirely absent from BGBASE and 

IrisBG. ArcGIS has numerous feature classes used to store both tabular and spatial data about the 

geology, soil, hydrography, vegetation and survey monuments in the landscape.  IrisBG allows for a 

minimal amount of tabular data on geological periods. 
 
 

 

 

 

4.1.4 Utilities 

The Utilities theme is unique to ArcGIS.  The ArcGIS model contains feature classes for electrical utilities, 

gas lines, irrigation systems, sewers and storm water management, telecommunication line, water bodies 

and water testing.  This type of data is entirely absent from both BGBASE and IrisBG.  

  

 

 

 

 

 

Database(s) 
Name 

Number of 
Subthemes 

Subtheme Name 

ArcGIS 12 Geology description 
Soil description 
Hydrographic point description 
Natural vegetation identification 
Hydrographic drainage description 
Vegetation classification 
Survey monument description 
Soil sample results 
Hydrographic line description 
Soil sample description 
Survey monument Source details 
SSURGO unit identification 

IrisBG 1 Geo Period Description 

Database(s) 
Name 

Number of 
Subthemes 

Subtheme Name 

ArcGIS 41 Electric line description 
Electric line status 
Electric point description 
Electric point status 
Gas line description 
Gas line status 
Gas point description 
Gas point status 
Irrigation controller description 
Irrigation controller status 
Irrigation head description 
Irrigation head status 
Irrigation line description  
Irrigation line status 
Irrigation point description 
Irrigation point status 
Irrigation station description 
Irrigation station status 
Irrigation wire description 
Irrigation wire status 
Sewer line description 

Sewer line status 
Sewer point description 
Sewer point status 
Storm water line description 
Storm water line status 
Storm water point description 
Storm water point status 
Telecommunication Line description 
Telecommunication Line status 
Telecommunication Point description 
Telecommunication Point status 
Water consumption 
Water line description 
Water line status 
Water point description 
Water point status 
Water reservoir description 
Water reservoir status 
Water sample description 
Water sample results 

Figure 28: Physical Landscape sub-themes 

Figure 29: Utilities sub-themes 
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Figure 30: Collections sub-themes 

4.1.5 Collections 

The collections’ theme is significant in all 3 systems.  In ArcGIS, the PlantCenter table is used to track 

location and physical status/condition of plants in living collections, while the Plant Accession table is 

used to maintain information on plant provenance and restrictions. The Plant label table and plant 

maintenance table are used to track information on the day-to-day care and maintenance of plants.   Tree 

health and hazard ratings are tracked in separate tables, Tree Benefit and TreeHazardHealth. BGBASE is 

by far the most robust system in this theme, with 9 tables used to track information about collections. 

Like in ArcGIS, the ACCESSIONS table tracks information about where a plant came from, while the 

PLANTS table is used to track the current location and status of the plant in the garden. The LABEL 

REQUESTS table and HORT TASKS tables are used to track daily maintenance activities.  In addition to this, 

BGBASE tracks OCCURENCES in collections (weather events, physical changes), Desiderata (wish lists for 

collections) and detailed information about plants collected in the wild.  IrisBG captures current 

location/status of living plants in the CollItem table.  Label status is also captured here.  Source 

information and details on wild collection are stores in the CollObjects table, while the CollInsp table is 

used to track day to day work, pest problems and hazard ratings. 

 

 

 

 

 

 

 

 

 

 

Database(s) Name Number of 
Subthemes 

Subtheme 

ArcGIS BGBASE IrisBG 7 Status 
Source details 
Accession 
identification 
Physical 
characteristics 

Location 
Label characteristics 
Work order details 

ArcGIS BGBASE 1 Maintenance type and status tracking 

ArcGIS IrisBG 3 Restrictions 
Hazard rating 
Pest problems 

BGBASE IrisBG 3 Associated projects 
Collection details 
Label status 

ArcGIS 6 ITree codes 
Deaccession details 
Inspector 

Environmental 
impacts 
Assessment details 
Physical health 

BGBASE 15 Occurrence 
description 
Intended location 
Desitems Request 
details 
Collection 
Desitems Status 
Associated records 
Maintenance 
materials 
Environmental 
conditions 

Accession value 
Cause of death 
Costs 
Desiderata request 
details 
Treatments 
Associated 
collections 
Associated taxa 
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Figure 31: Taxonomy sub-themes 

Figure 32: Development Subthemes 

4.1.6 Taxonomy 

The taxonomy theme is present in all 3 systems, however is more robust in BGBASE and IrisBG.  ArcGIS 

stores current nomenclature for plants in the PlantCenter table – the same table in which much the 

Collections theme information is stored.  In BGBASE, the NAMES table is used to track extensive 

information about each taxon, including synonymy and references.  Each level of the taxonomical 

hierarchy is stored in its own table (Major Taxa, Classes, Subclasses, Orders and Authors).  Verifications of 

plant material are tracked in their own table as are Interactions between taxa.  IrisBG also tracks 

extensive information about each taxon in the Taxon table and Taxon Name table, and tracks hierarchy in 

the TaxRank and TaxGroup tables. Like BGBASE, both synonymy, data sources and verification are part of 

the data stored in this theme, all of which are absent from the ArcGIS model. 

 
 

 

 

 

 

 

 

 

 

 

 

 

4.1.7 Development 

The ArcGIS Information model uses the Dedication table to track commemoration in the landscape (both 

living and non-living features).  This information is also tracked in IrisBG using the Fundings entry table.  

Both tables track similar information about the donor, status and funding of each commemoration.  

BGBASE does not have a dedicated table for this purpose, nor does it have fields dedicated to 

commemoration.  To track this information in BGBASE, one would need to use USER DEFINED fields or 

add this as a SPECIAL CHARACTERISTIC. 

 

 

  

Database(s) Name Number of 
Subthemes 

Subtheme Name 

ArcGIS BGBASE IrisBG 1 Nomenclature 

BGBASE IrisBG 6 Distribution 
Synonymy 
Culture, habit, 
hardiness 

Labels 
Identification/status 
Author Identification 

BGBASE 10 Introducer/Hybridizer 
Phenology 
Size 
Expertise 
Verifier name and 
capability 
Colour 

Specimen information 
Taxon interaction 
species 
Lifespan 
Verification  
identification/status 
 

IrisBG 2 Status 
QR codes 

Database(s) Name Number of 
Subthemes 

Subtheme Name 

ArcGIS IrisBG 3 Dedication contact details 
Dedication status 
Dedication description 

IrisBG 1 Dedication funds 
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4.1.8 Institutional contacts 

External contact information is captured in all 3 systems.  In ArcGIS, the Institution table tracks external 

contacts details as well as information on the climate at these external institutions.  In BGBASE, the 

PSOURCES table is used to track institutional contact information along with information on climate, 

horticultural specialty, seed exchange history and any other formal agreements with various institutions.  

IrisBG tracks basic information about external contacts in the Institution table. 

 

 

 

 

 

  

Database(s) Name Number of 
Subthemes 

Subtheme Name 

ArcGIS BGBASE 
IrisBG 

1 Basic contact information 

ArcGIS BGBASE 1 Climate information 

ArcGIS 1 Taxa counts 

BGBASE 2 Seed exchange history and 
agreements 
Horticultural specialties 

Figure 33: Institutional Contacts Subthemes 
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Figure 34: Images sub-themes 

4.1.9 Images 

The images thematic area includes both spatial imagery and object photographs. 

The ArcGIS model contains a raster catalog for the storage of aerial photography.  Fields associated with 

this imagery include information on the source of the image as well as spatial information.  Functionally, 

these are used as a backdrop for mapping gardens. 

IrisBG has 3 tables dedicated to this theme.  Two of these are dedicated to mapping, MapProvider and 

CollMap.  The CollMap table stores location information for individual objects.  This information can be 

used to map these objects.  MapProvider is a small table that stores information on web map services 

that can be used to plot objects stored in the CollMap table.  MapProvider fields include source 

information and spatial information about the service. It should be noted that there are multiple ways to 

map objects using IrisBG (web map services on the internet, local web map services or via export/import 

into ArcGIS). 

IrisBG also includes an Images table for storing photographs.  The Images table has capacity to store data 

on image content, linking it to other objects in the database, location, how it was captured, information 

about the photographer and any credits/copyright on the image.  It also includes a field where you can 

provide a link to the actual image file.   

BGBASE also has a table dedicated to photographs.  While both fields and functionality are similar to that 

of IrisBG, with 89 fields in this table, BGBASE allows for more detailed information to be stored.  Mapping 

in BGBASE is accomplished by exporting data for use in another application such as BGMap, AutoCAD or 

ArcGIS.  The AutoCAD table stores spatial information about individual plants.  X/Y coordinates are also 

stored in the Locations and Plants tables.  

 

 

 

 

 

 

Database(s) Name  Number of 
Subthemes 

Subtheme Name 

ArcGIS BGBASE IrisBG 1 Location data 

ArcGIS IrisBG 1 Source information 

BGBASE IrisBG 6 Link to electronic file 
Copyright/credit 
Image content 
Image capture 
Photographer data 

BGBASE 2 Accession information 
Places images 

IrisBG 3 Map description 
Event Images 
Collection Images 
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Figure 35: Locality sub-themes 

4.1.10 Locality 

Locality information is absent from the ArcGIS model and well captured in both IrisBG and BGBASE.  

IrisBG stores comprehensive locality information in its own table.  Data captured includes location, 

altitude, spatial data, precision and external references.  In BGBASE, locality information is stored as 

Habitat Type, TNC Ecoregions and Places.  The Habitat Type and TNC Ecoregion tables allows user to 

describe a particular habitat or ecoregion, while the Places table stores more precise location 

information, much like the Locality table in IrisBG, with the addition of plant collector data.  Locality 

information in also stored in a single locality field in the following tables:  Images, Accessions, Collbooks. 

 

 

 

 

 

4.1.11 Plant Collectors 

The plant collectors’ theme is absent in ArcGIS, with no tables or fields dedication to this data.  IrisBG 

records information on plant collectors in the ExtContact table where you can store basic contact 

information, contact status and reference personnel.  The ExtContactRole table is then used to store the 

type of contact, one of which may be plant collector.  In BGBASE, data for External contacts and Plant 

Collectors are stored in two separate table, CONTACTS and COLLECTORS, respectively.    The Contacts 

table has extensive capacity to not only store basic contact information, status and reference personnel, 

but also information on the languages spoken, sensitivity of the data, education levels, 

association/publication and memberships held as well their expertise/specialty and/or interests.  The 

collectors table stores basic contact information, contact status as well as the birth/death dates of the 

individual, their expertise/speciality and/or interests and any specimens were collected by them.  BGBASE 

also contains a small table called CONTACT LISTS that enables user to create lists/groups of contacts and 

assign them restrictions. 

 

 

Database(s) Name Number of 
Subthemes 

Subtheme Names 

BGBASE IrisBG 2 Location description 
Location identification 

BGBASE 4 Ecoregion description 
Collectors 
Locality 
Habitat description 

Database(s) 
Name 

Number of 
Subthemes 

Subtheme Name 

BGBASE IrisBG 3 Reference person 
Contact status 
Basic contact information 

BGBASE 10 Specimens 
Education 
Contact list restrictions 
Associations/Publications/
Memberships 
Collector birth/death 

Expertise/specialty/interests 
Contact list description 
Collector status 
Languages 
Sensitive information 

IrisBG 1 Contact type 

Figure 36: Plant Collectors Subthemes 
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Figure 37: Personell/Staff sub-themes 

4.1.12 Personnel/Staff 

IrisBG stores information on staff in the Personnel table.  Data captured includes basic contact 

information, their status, employment details and logon information for IrisBG.  BGBASE stores the same 

types of data as IrisBG in the Staff table, with the addition of individual system preferences for BGBASE. In 

IrisBG, personnel can be linked to the CollLocation table as well as the Fundings table. BGBASE links STAFF 

to locations, contact lists, awards and germplasm. Personnel/Staff information is not stored in the ArcGIS 

model.   

 

 

 

 

 

 

 

4.1.13 Library/References 

Both IrisBG and BGBASE store information of references/sources, maintaining a library of references used 

to verify information, mainly nomenclature.  Both systems store basic publication information as well as 

URL data for web references.  URLs stored in IrisBG are automatically hyperlinked and can be clicked on.  

BGBASE also allows user to store citation formatting details.  Capacity to store this type of data is absent 

in the current ArcGIS Parks and Gardens Information Model. 

 

 

  

 

 

 

 

 

 

 

 

 

 

Database(s) Name Number of Subthemes Subtheme Name 

BGBASE IrisBG 5 Logon details 
Employment details 
Basic contact information 
Staff/contact 
Personnel status 

BGBASE 1 System preferences 

Database(s) Name Number of 
Subthemes 

Subtheme Name 

BGBASE IrisBG 7 Data source type 
Authors 
Titles 
Library classification/storage information 
URL 
Publication information 
References/sources 

BGBASE 7 Content information  
Citation formatting options  
Citation format owner 
Languages 
Associated data 
Citation format name 
Access 

Figure 38: Library/References sub-themes 
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Figure 39: Conservation Status sub-themes 

4.1.14 Conservation status 

Both IrisBG and BGBASE allows user to store information about the conservation status of a particular 

taxa.  IrisBG allows users to store Red List, Black List and Cities data in the Taxon table, while BGBASE 

allow users to store IUCN and Cities data in the Names table.  This type of data is not currently captured 

in the ArcGIS Parks and Gardens Information Model. 

 

 

 

 

 

 

4.1.15 Lineage 

The plant lineage theme captures information on the genetic lineage of a plant. This is used to track both 

the genetic lineage of a plant from when arriving from an external source, or from asexually propagated 

plants in the garden.  BGBASE is the only system that tracks this information, and does so in a read-only 

table called LINEAGES. This information is recorded in the ACCESSIONS table via the LIN_NUM field. 

 

 

 

 

 

 

 

 

 

 

 

Database(s) Name Number of 
Subthemes 

Subtheme Name 

BGBASE IrisBG 1 Conservation status 

BGBASE 2 IUCN category abbreviation 
IUCN category meaning 

Database(s) 
Name 

 Number of 
Subthemes 

Subtheme Name 

BGBASE 1 Number of accessions with same lineage 

Figure 40: Plant Lineage Subthemes 
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4.1.16 Genetics 

Three distinct tables are used to store genetic information about plants in BGBASE, the Primers tables 

stores information about primers, their sequence and direction, the SEQUENCE table stores information 

about gene sequence and allows user to relate this data to garden plants, people and projects.  The 

microsats tables allows user to track genetic marker information and relate this to sequences, primers, 

garden plants and references.  IrisBG allows users to store information on methodology and lab protocols.  

There is no capacity to store this type of data in the current ArcGIS Parks and Gardens Information Model 

 

 

 

  

 

 

4.1.17 Plant permits 

Both BGBASE and IrisBG allow user to track plant permit information, while the current ArcGIS Parks and 

Gardens Information model does not.  Both systems allow user to track basic information on the type and 

purpose of a permit, BGBASE allows user to track dates for these permits.  In BGBASE, permits are linked 

to an institution.  Plant permits are not tracked in the current ArcGIS Parks and Gardens Information 

Model. 

 

  

 

 

 

 

 

 

  

Database(s) Name Number of 
Subthemes 

Subtheme Names 

BGBASE IrisBG 2 Permit coverage/purpose 
Permit identification and type 

BGBASE 1 Permit dates 

Database(s) 
Name 

Number of Subthemes Subtheme Name 

BGBASE 10 Publications/submissions 
Primer identification 
Sequence/gene identification 
publications/submissions 
Sequence date 
Related staff/projects 
Sequence/Gene/identification 
Subthemes captured within table fields 
Primer direction and sequence 
Plant material identification 

IrisBG 3 Item identification 
Method type 
Lab protocol 

Figure 42: Plant permits Subthemes 

Figure 41: Genetics sub-themes 
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4.1.18 Plant quarantine 

Plant quarantine information is stored in both the QUARANTINE and Q-BATCHES tables in BGBASE.  The 

quarantine table allows user to track basic information about quarantine periods, as well as link this 

information to collection plants and locations.  The Q-Batches table allows user to track quarantined 

items in groups and link these groups to sources, transit and inspection information. IrisBG allows users to 

store information on restrictions on plants.  This type of data is not stored in the current ArcGIS Parks and 

Gardens Information Model. 

 

 

 

 

 

 

 

 

 

 

 

4.1.19 Propagations  

Both IrisBG and BGBASE allow users to store details on the propagation of taxa.  This information is stored 

in the TAXON and COLLITEM tables of IrisBG and in the NAMES table in BGBASE.  BGBASE also has a 

SHIPMENTS and SHIP_INVOICES table to store information on sharing various propagation materials with 

other institutions.  This theme is absent from the current ArcGIS Parks and Gardens Information Model. 

 

 

 

 

 

 

Database(s) Name Number of 
Subthemes 

Subtheme Names 

BGBASE IrisBG 1  Propagation/shipment details 

BG BASE 11 Approval 
Charge for shipment 
Collected by 
Genetic information 
Material information 
Material type 
Permits/restrictions 
Purpose of shipment 
Recipient information 
Source material information 

Database(s) 
Name 

Number of 
Subthemes 

Subtheme Name 

BGBASE 6 Quarantine location and treatment 
Details of death 
Release information 
Arrival information 
Inspector/Handler 
Transit time 

IrisBG 4 Restriction type 
Identification (name, code) 
Restriction publication information 
Usage 

Figure 44: Propagations Subthemes 

Figure 43: Plant Quarantine Sub-themes 
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Figure 46: Plant parentage sub-themes 

4.1.20 Plant Awards 

The plant awards theme is unique to BG-BASE and not currently captured in IrisBG or the ArcGIS Parks 

and Gardens Information Model.   BGBASE stores detailed information on plant awards in the Awards, 

Award_sites, Award_organization and NAMES tables. Awards can be attached to a particular taxon via the 

Names table.

 

 

 

4.1.21 Plant parentage 

The plant parentage theme captures information on the parents of a given species and/or accession.  

BGBASE captures this information in the context of propagation of living accessions via the 

GERMINATIONS table for seed, and via the GERMPLASM table for frozen material, spores and DNA.  It 

also captures parentage of a taxa in the names table, for hybrid species.  IrisBG stores parentage 

information is the TaxonParentage table. Information about the breeder can also be captured here.  This 

theme is entirely absent from the ArcGIS Parks and Gardens Information Model. 

 

  

 

 

 

 

 

 

 

Database(s) 
Name 

Number of 
Subthemes 

Subtheme Names 

BGBASE 9 Administration information 
Award description 
Award organization 
Award site country 
Award site name 
Awards  
Committees giving awards 
Hardiness 
Plant Parts awarded 

Database(s) Name Number of 
Subthemes 

Subtheme Names 

BGBASE IrisBG 1 Identification 

BGBASE 14 Parentage 
Collection 
information 
Dissemination 
Observations 
Associated 
Projects 
Associated Tasks 
Environmental 
conditions 

Medium 
Quantity 
Treatments 
Accession history 
Sterilants 
Storage 
Results 

IrisBG 1 Breeding information  

Figure 45: Plant Awards sub-themes 
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Members of the user community were surveyed to determine which themes are necessary to make the 

ArcGIS Parks and Gardens Information Model a sole system for managing plant records. Collections, 

taxonomy, institutional contacts, images, locality, plant collectors, personnel/staff, library/reference, 

conservation status, plant lineage, genetics, plant permits, plant quarantine, propagation, plant awards 

and plant parentage themes were identified as potential themes for inclusion in the new model. These 

themes were focused on when developing survey questions. Facilities, Boundaries, Physical Landscape, 

Development and Utilities were found to have significant more schema capacity in ArcGIS than in either 

BGBASE or IrisBG and were thus not included in the survey questions.  

4.2 Survey 
 

4.2.1 Survey Background 

 

The survey was designed using Survey Monkey and was sent to members of the American Public Gardens 

Associations’ professional communities (Historic Landscapes (219 members), Plant Nomenclature & 

Taxonomy (230 members), Technology and Innovation Professionals (236 members), Horticulture, 

Facilities, Greenhouses (415 members), Small Gardens (254 members) as well as to member of the 

Alliance for Public Gardens GIS LinkedIn (1006 Members).  Survey recipients totaled 2360, with 114 

responses received. A copy of the complete survey can be found in Appendix II. 

 

4.2.2 Survey Results Summary 

 

When asked if two separate systems are currently used to database and map plants, 76% (57 responses) 

responded yes, confirming the need for a single repository for plant records. Weber and Beagan found 

the same to be true in their 2017 paper where they identified a need for a single plant recording system 

that can be used for both databasing and mapping plant collections.  

Of the 18 responses that answered no to using two separate systems, only 2 of these 18 gardens are 

using ArcGIS as their one system.  In Sucher’s 2001 paper, 30.7% of garden were found to use ArcGIS to 

map their gardens, but only 0.9% used ArcGIS without another system.  This implies that, for a long time, 

users have not felt that ArcGIS is suitable as a sole system for recording plants, and supports the need for 

a new expanded ArcGIS model. 

When asked how collections are currently mapped, 60% of respondents indicated ArcGIS, with the next 

highest percentages being IrisBG (23%) and Hand drawn/paper maps (20%).  Figure 47 indicates that 

ArcGIS is the preferred software for mapping at public gardens, with less gardens using other mapping 

systems.  In 2016, Detrick found slightly different results with 40% of gardens using hand drawn maps, 

35% using IrisBG, with only 10% using ArcGIS.  While both these survey results and Dawson’s 2005 results 

identify ArcGIS to be a preferred choice for computerized mapping, IrisBG is obviously gaining popularity 

for mapping plant collections.  
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How do you currently map your collections? (*select all that apply) 

Figures 48 shows that when asked what software gardens currently use to maintain plant records, IrisBG, 

BGBASE and Microsoft Excel were each used by 25% of respondents, confirming that IrisBG and BGBASE 

are the preferred systems. Brahms, Microsoft Access, Handwritten/paper records, File Maker Pro are 

used by very few respondents. This is in line with Detrick’s finding in her 2016 paper where users 

identified IrisBG, Excel, Access and BGBASE as the most used database systems. Both results justify the 

decision to use IrisBG and BGBASE as models for the expansion of the current ArcGIS model.   

How do you currently maintain plant records? (*select all that apply) 

 

 

When asked what the importance of each data theme was, many themes scored highly.  Table 2 

illustrates that eleven of the fifteen themes had a weighted average greater than 3, and the same eleven 

themes had a combined percentage (important + very important) of greater than 40 percent.   These 11 

Answer Choices Responses 

IrisBG 22.97% 17 

BG-Map 16.22% 12 

ArcGIS 60.81% 45 

Hand drawn/paper 20.27% 15 

AutoCAD 9.46% 7 

No maps 4.05% 3 

Other (please specify) 
 

14  
Answered 74 

   Skipped 40 

Answer Choices Responses 

IrisBG 25.68% 19 

BG-BASE 25.68% 19 

Brahms 1.35% 1 

Microsoft Excel 25.68% 19 

Microsoft Access 12.16% 9 

Handwritten/paper 9.46% 7 

FileMaker Pro 4.05% 3 

No records 1.35% 1 

Other (please specify) 
 

16  
Answered 74  
Skipped 40 

Figure 47: Survey Question 3 showing ArcGIS as the preferred system used to map plants at public gardens. 

Figure 48: Survey Question 4 showing IrisBG, BGBASE and Microsoft Excel as the preferred software used to maintain plant 
records. 
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themes (Taxonomy, Locality, Personnel/Staff, Conservation Status, Plant Collector, Plant Lineage, Plant 

parentage, Propagations, Images, Institutional contacts, Library/References), highlighted in yellow in 

Table 1, were selected for implementation and will be used to expand the ArcGIS Parks and Gardens 

Information Model. 

 Survey Question  Theme Weighted 
Average 

Important + 
Very 

Important 

Plant Awards  2.38 19.18% 

Genetics data  2.61 31.94% 

Plant Quarantine Status  2.7 39.73% 

Plant Permit Status  2.88 38.36% 

Library/References Library/References 3.11 41.67% 

Institutional contacts Institutional Contacts 3.25 46.58% 

Plant collection images Images 3.32 52.70% 

Plants, or propagules of, shared 
with others 

Propagations 3.41 53.52% 

Parentage information for 
collection plants 

Plant parentage 3.44 56.17% 

Plant lineage information Plant lineage 3.48 60.28% 

Plant collectors Plant Collector 3.51 58.91% 

Conservation status Conservation Status 3.64 56.17% 

Personnel/Staff Personnel/Staff 3.9 72.61% 

Locality information for collection 
plants 

Locality 4.07 72.60% 

Taxonomy Taxonomy 4.7 91.78% 
Table 1: Survey Question 5 results showing weighted average and combined percentage for the  
15 themes included in the survey) 

 

To determine which functionality is required to enable the new model to be used as a complete plant 

records system, the same thresholds, used in question 5, were applied to question 6 responses.  

Functionality with a weighted average greater than 3 and a combined percentage (important + very 

important) of greater than 40 percent were considered key functionality that must be present in the 

expanded model.  These 5 functions, highlighted in yellow in Table 2, will be used to test the new model 

and determine if in fact these functions can be performed in the new data model. 

The number of functions considered important was less than expected.  The survey was designed to 

include functionality that is enabled by the themes listed in question 5.  Thus, it was anticipated the same 

number of themes and functions would be valued by the user community.  One likely explanation for 11 

themes being identified in question 5, but only 5 functions identified in question 6, is that the data is 

being used in different ways by different users.  A theme may be valuable to a particular user, but the 

specific functionality noted is not how they use that data, that theme may be valuable to a user for a 

function not listed. 
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Table 2: Survey Question 6 results showing weighted average and combined percentage for the important functionality. 

As illustrated in Figure 49, the final question of the survey indicated that only 60% of respondents were 

aware of the partnership between ESRI and APGA, offering ArcGIS software to public gardens at a 

reduced cost. Although many gardens are aware that ESRI software is available to them at a reduced cost, 

as indicated in the first survey question, only 2 gardens are using it as a single system to record plants.  

This indicates that the existing model is inadequate and justifies the need for an expanded model.   

 

 

 

  Weighted Average Important + Very 
Important 

Query/map taxa or accessions based on 
awards received 

1.9 9.72% 

Create a list or map of plants with 
quarantine restrictions 

2.29 22.22% 

Create a list or map of plants with 
permits for possession 

2.33 19.44% 

Create shipments lists of propagation 
material sent to others 

2.54 28.17% 

Query/map living collections by person 
who wild collected the accession 

2.63 30.56% 

Review and/or map parentage of an 
accession 

2.64 30.55% 

Create labels/lists/maps with more than 
one common name 

2.64 31.51% 

Create a desideratum of plants being 
sought after 

2.65 33.33% 

Create a list or map of plants linked to 
personnel or a staff member 

2.74 32.88% 

Review and/or map lineage of an 
accession (based on a propagation) 

2.78 34.72% 

View/query or create maps with images 
of taxa 

2.93 32.88% 

View/query or create maps with images 
of accessions 

2.97 40.28% 

View/query or create maps with images 
of collections or locations 

3.1 41.67% 

Query/map living collections by locality 
of the species 

3.28 51.39% 

Create labels/lists/maps that include 
synonyms for taxa 

3.55 57.54% 

Review references used for taxa 3.7 60.56% 

Periodically verify and update taxonomy 
for accessions (maintaining previous 
taxonomy) 

4.42 87.33% 
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Are you aware of and currently taking advantage of the American Public Garden Associations (APGA) 

partnership with ESRI? 

 

Figure 49:  Survey Question 7 results showing 60% stating awareness of the ESRI/APGA partnership 

4.3 Implementation 

 

Based on the survey results for Questions 5, Taxonomy, Locality, Personnel/Staff, Conservation Status, 

Plant Collector, Plant Lineage, Plant parentage, Propagations, Images, Institutional contacts, and 

Library/References themes were implemented.  The Collections theme was also implemented as it 

contains core information for documenting plant collections. 

 

A few overarching implementation guidelines included: 

• all subthemes common to both IrisBG and BGBASE (but not ArcGIS) were implemented.   A few 

themes were only found in BGBASE and thus only subthemes from BGBASE were implemented 

for these themes. 

• The tables and fields from BGBASE and IrisBG within each subtheme were used to determine 

what should be added to the new model.  A complete listing of which tables and fields were 

included in each subtheme can be found in Appendix I. 

• Fields common to both IrisBG and BGBASE were added to the new model - and not the superset 

of all fields.  In most cases, the number of fields in BGBASE greatly outnumbered the fields in 

IrisBG, and thus adding a superset of all fields would add an unnecessary level of detail to the 

new model. 

Details on how the subthemes for each theme were implemented are detailed in the tables below. For 

the 12 themes implemented, a total of 34 subthemes were added to the new model. 

  

60%

40% Yes

No
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4.3.1 Collections Theme Implementation 
 

Subthemes implemented (all common to both IrisBG and BGBASE): 
 
Associated Projects 
One major difference in the Accession tables in the ArcGIS model versus IrisBG and BGBASE is 
the ability to group accessions or specific plants by project. For this reason, a Projects table 
was added to the ArcGIS Model.   In BGBASE, projects can be attached to desiderata, contacts, 
places, images, plants, wild collections, accessions and activities. In IrisBG, projects are simply 
attached to collection items, which are then connected to other data. The new Projects table 
was related to plants, personnel, images, distributions and locality in the new model.  These 
relationships all represent thematic areas flagged as important in the survey.  
 
Collection detail 
In both BGBASE and IrisBG, users can track information about the place a plant was collected in 
the wild and by whom. In BGBASE, this information is captured in the Accessions table, IrisBG 
captures much of this data in the CollObjects table. To implement this subtheme, the 
accessions table was related to the locality subtheme, attaching accessions to information 
about the place they were collected.  
 
Label Status 
In both BGBASE and ArcGIS, label status is an attribute for collection plants. While label status 
is not specifically noted in the current ArcGIS model in the Plant Label table, the Plant 
Maintenance table is available to track the status of various work orders, including label 
requests.  For this reason, the label status subtheme did not result in any additions to the 
model. 
 

Additions to the ArcGIS Model: 

Tables Relationships  

Projects Projects Has distribution 
Projects Has Images 
Projects Has PlantCenter  
Personnel Has Projects 
LocalityHasProjects 
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4.3.2 Taxonomy Theme Implementation 
 

Subthemes implemented (all common to both IrisBG and BGBASE) 
 

Both IrisBG and BGBASE store plant taxon information in its own table, separate from the 
actual plant location and accession data. This allows user to attach multiple records from 
multiple tables to a particular taxon.  To allow this functionality in the new model, taxon 
information was moved from the existing PlantCenter feature class to a new PlantNames table. 
The existing Plant Center feature class and the existing Plant Accession table were related to 
the new PlantNames table. The ability to attach multiple common names to a particular taxon 
was added to the new model via the Plant Common Names table.   
 

Distribution 
The Names table in BGBASE and the Taxon table in IrisBG allow users to store various 
information on the distribution of a particular taxon.  This subtheme was added to the new 
model by adding fields common to both IrisBG and BGBASE to the new PlantNames table. 
 

Synonymy 
Both BGBASE and IrisBG allows users to track accepted names as well as numerous synonyms.  
To enable this functionality in the new model, a new Synonymy table was created and related 
to the PlantNames table.  One Plant Names record can be related to many records in the 
Synonymy table. 
 

Culture, habit, hardiness 
This subtheme was captured in the Plant Names table by adding those fields common to both 
BGBASE and IrisBG to this table.  
 
Labels 
This subtheme is sufficiently captured in the current PlantLabel table.  No additions were made 
to the new model. 
 
Identification/status 
Both BGBASE and IrisBG allow users to track identification efforts of various plants, storing 
information on who verified the identity of a particular plant. This functionality was added to 
the new model via a Verifications table. One PlantNames and one PlantCenter can be related 
to many Verifications.  This allows historical information on plant verification to be maintained. 
 

Author Identification 
This subtheme was captured in the PlantNames table by adding fields those field common to 
both BGBASE and IrisBG. 
 

Additions to the ArcGIS Model: 

Tables Relationships  

Plant Names 
Plant Common Names 
Verifications 
Synonymy 
 

PlantCenterHasPlantNames 
PlantCenterHasVerifications 
PlantNames Has PlantCommonName 
PlantAccession Has PlantNames 
PlantNamesHas Verifications 
PlantNames Has Synonymy 
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4.3.3 Locality Theme Implementation 
 

Subthemes implemented (all common BGBASE only) 
 

Both BGBASE and IrisBG have tables that store information about a particular locality or place.  
This data is attached to a particular plant accession, providing information about where those 
plants were collected or are from. This functionality was added to the new model with a 
Locality point feature class which is attached to the existing PlantAccession table. 
 
Location description 
This subtheme was captured in the Locality feature class by adding those fields common to 
both BGBASE and IrisBG. 
 
Location identification 
This subtheme was captured in the Locality feature class by adding those fields common to 
both BGBASE and IrisBG. 
 

Additions to the ArcGIS Model: 

Feature Class Relationships  

Locality 
 

LocalityHasPlantAccession 

 

4.3.4 Personnel/Staff 
 

Subthemes implemented (all common to both IrisBG and BGBASE) 
 

 
Both BGBASE and IrisBG allow users to store contact information for staff, personnel or other 
people associated with their plant collections. To add this functionality to the new model, a 
Personnel table was added to track staff, external contacts, volunteers, plant collectors and 
donors. One Personnel can be related to many Living Collections, many Dedications and many 
Plant Accessions. 
 
The following subthemes were captured in the Personnel table by adding fields those field 
common to both BGBASE and IrisBG: 
Logon details 
Employment details 
Basic contact information 
Staff/contact 
Personnel status 
 

Additions to the ArcGIS Model: 

Tables Relationships  

Personnel PersonnelHasLivingColleciton 
PersonnelHasDedication 
PersonnelHasPlantAccession 
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4.3.5 Conservation Status Theme Implementation 
 

Subthemes implemented (all common to both IrisBG and BGBASE) 
 

Conservation Status 
In both BGBASE and IrisBG, the conservation status of a particular taxon is stored in the names 
table.  To capture this data in the new model, conservation status fields were added to the 
Plant Names table. 
 

Additions to the ArcGIS Model: 

Tables Relationships  

*Fields in PlantNames table 
 

 

 

4.3.6 Plant Collector Theme Implementation 
 

Subthemes implemented (all common to both IrisBG and BGBASE) 
 

Both BGBASE and IrisBG allow users to store information about plant collectors – people who 
have physically collected plants for their plant collections. The subthemes for plant collectors 
and personnel/staff are similar, as both capture information about people.  For this reason, 
plant collector information was captured in a new personnel/staff table, using a domain to 
distinguish between different types of people. 
 
Reference person 
This subtheme was captured in the Personnel/Staff theme under the Staff/Contact subtheme, 
no new fields were required here. 
 
Contact status 
This subtheme was captured in the Personnel/Staff theme under Personnel status, no new 
fields were required here. 
 
Basic contact information 
This subtheme was captured in the Personnel/Staff theme under the Basic Contact Information 
subtheme, no new fields were required here. 
 

Additions to the ArcGIS Model: 

Tables Relationships  

*Included in the 
Personnel/Staff table 
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4.3.7 Plant Lineage Theme Implementation 
 

Subthemes implemented (all common to BGBASE only) 
 

Number of accessions with same lineage  
BGBASE allows users to track plant lineage within their plant collections.  To capture this 
functionality in the new model, a Plant Lineage field was added to the PlantAccession table to 
track accession numbers of parent plants. 

 

Additions to the ArcGIS Model: 

Tables Relationships  

*Lineage number field in 
PlantAccession table 
 

 

 

 

4.3.8 Plant Parentage Theme Implementation 
 

Subthemes implemented (all common to both IrisBG and BGBASE) 
 

Identification 
Both BGBASE and IrisBG allow users to attach parent taxon to a particular taxon.  To enable 
this functionality in the new model, a Plant Parentage table was added. One Plant Parentage 
record is related to a two PlantNames records via two, one-to-one relationships 
 

Additions to the ArcGIS Model: 

Tables Relationships  

PlantParentage PlantNamesHasPlantParent1 
PlantNamesHasPlantParent2 
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4.3.9 Propagation Theme Implementation 
 

Subthemes implemented (all common to both IrisBG and BGBASE) 
 

Propagation/shipment details 
In BGBASE, basic propagation information can be stored with a particular taxon.  More 
complex propagation information can be stored in BGBASE by purchasing an additional, 
Propagations model – which is outside of the scope of this project.  IrisBG allows users to store 
basic propagation information about specific plants.  Notes on how to propagate taxa is 
tracked via a field in the Plant Names table. Because this data is stored very differently in IrisBG 
and BGBASE the subtheme was capture in the new model by a Propagation notes field in the 
PlantNames table. 
 

Additions to the ArcGIS Model: 

Tables Relationships  

*Propagation notes field in 
PlantNames table 

 

 

4.3.10 Image Theme Implementation 
 

Subthemes implemented (all common to both IrisBG and BGBASE) 
 

 
Both BGBASE and IrisBG have tables to store images for both plants and places within their 
plant collections.  This functionality was captured in the new model with an Images table. 
Relationships were created between the Images table based on commonalities between 
images stored in IrisBG and BGBASE. One Reference, Living Collection, Plant Accession, Plant 
Center, Planting Bed, Plant Names and Verification record can each be related to many Images. 
 
The following subthemes was captured in the Images table by adding those fields common to 
both BGBASE and IrisBG: 
Link to electronic file 
Copyright/credit 
Image content 
Image capture 
Photographer data 

Additions to the ArcGIS Model: 

Tables Relationships  

Images 
 

LivingCollectionHasImages 
PlantAccessionHasImages 
PlantCenterHasImages 
PlantingBedHasImages 
PlantNamesHasImages 
ReferenceHasImages 
VerificationHasImages 
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4.3.11 Institutional Contacts Theme Implementation 
 

Subthemes implemented (all common to BGBASE only) 
 

While all 3 systems allow users to capture basic information about intuitional contacts, BGBASE 
stores information on the horticultural specialty of a particular institution as well records on 
any sharing of plants.   
 
Seed exchange history and agreements 
This subtheme was captured in the new model by adding a Distribution table to track sharing 
of plants with other institutions.  One Institution can be attached to many Distributions.  One 
Distribution can be attached to many Plant Names. 
 
Horticultural specialties 
This subtheme was captured by adding a new field to the Personnel/Staff table.  External 
contacts (and any other person) can be associated with particular specialty. 

Additions to the ArcGIS Model: 

Tables Relationships  

Distribution InstitutionHasDistribution 
DistributionHasPlantNames 

 

4.3.12 Library/References Theme Implementation 
 

Subthemes implemented (all common to both IrisBG and BGBASE) 
 

Both BGBASE and IrisBG allow users to track extensive information on various data sources or 
references used to verify nomenclature information. This functionality was added to the new 
model via a Reference table. A Reference can be attached to many PlantCommonNames, 
PlantNames, Verifications, and Synonymy records. 
 
The following subthemes were captured in the Images table by adding those fields common to 
both BGBASE and IrisBG: 
Data source type 
Authors 
Titles 
Library classification/storage information 
URL 
Publication information 
References/sources 
 

Additions to the ArcGIS Model: 

Tables Relationships  

Reference References Has PlantCommonName 
References Has Plant Names 
Reference Has Verifications 
Reference Has Synonymy 
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Most additions to the new model were tabular in nature, relating to both spatial and tabular components 

of the existing model. A total of 10 new tables, 1 point feature class and 31 new relationships were 

identified and added to the existing ArcGIS Parks and Gardens Information Model. This was to be 

expected based on the initial analysis. Figure 50 show the new additions to the ArcGIS model added to 

the UML diagram of the original ArcGIS Parks and Gardens Model.   

 

 

Figure 50: UML diagram of ArcGIS Parks and Gardens Information Model, with new tables and relationships added 

4.4 Migration 
 

Migration of the test data, provided by Royal Botanical Gardens provided an opportunity to assess the 

process of populating the new model with plant collections data.  

Test data provided by Royal Botanical Gardens included both spatial and tabular data.  Spatial data was 

provided for 13 096 garden plants and BGBASE data was provided for 40,970 accession records.  

Migration of all test data into the new model was not feasible and a selection of the test data was 

imported.  Spatial data was limited to the Arboretum property, with only data applicable to the new 

portions of the ArcGIS model imported. Within the Arboretum property, 200 accessions were selected for 

inclusion.   

The migration of data was a complex process, requiring both knowledge of both ArcGIS and BGBASE.   

Spatial data was re-structured and aligned with the new model.  RBG property lines and collection 

boundaries were split and loaded into multiple feature classes in the model including LivingCollection and 

PlantingArea.  A selection of plants, aligned with the accessions export from BGBASE was copied to the 
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PlantCenter feature class.  In many cases, attributes were populated by exporting data to excel, splitting 

fields, re-joining the resulting excel tables and copying attributes using the field calculator.   

Of the 11 new tables in the new model, 6 tables were populated by exporting data from BGBASE and 

loading data into the new table.  The remaining tables were populated manually.  Manual data entry 

proved to be less time consuming for tables that had few records and data from multiple BGBASE tables. 

Relating data in the new model proved challenging.  Key fields from BGBASE were exported and used to 

temporarily join data in the new model.  Once joined, BGBASE key fields were replaced with Global IDs. In 

many cases, records were manually joined. 

For gardens using Excel to manage their plant records data, migration of data into the new model will 

follow much the same procedure as that of BGBASE in that data can be loaded into new tables, matching 

like fields.  To generate GUIDS a formula such as =DEC2HEX(RANDBETWEEN(0, 4294967295), 8) can be 

used.  GUIDS should be copied and pasted as plain text to ensure they are not continually recalculated.  It 

is likely that GUIDS will need to be copied to related records manually, using temporary table joins in the 

new model. 

Data export from IrisBG is possible through a series of customizable reports. Figure 51 shows the various 

reports types on the left side of the figure, and the filters that can be used for each type of report on the 

right side of the figure.  While the available report formats are quite customizable, not all collections data 

can be exported in a single file, much like BGBASE.  It is unclear if every field in the database is available 

for export within the reporting tool.  Reports can be exported into excel, at which point the process of 

data migration can be completed as outlined above for excel files. 
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Figure 51: IrisBG report generating tool 

Data migration was a time-consuming process, with much troubleshooting and backtracking involved.  

Each garden can expect to have different experience with data migration based on the complexity and 

organization of their current data.  Experience with data manipulation in excel is essential as data 

exported from any existing system will likely need to be split and loaded into multiple feature 

classes/tables in the new model. Users of the new model that are looking to migrate large collections to 

the new model will need expertise and significant time to split, load and relate existing data to populate 

the new ArcGIS model. 

 

4.5 Validation 
 

In the survey, six operations were identified as important by the user community.  Each of these 

operations were performed in the New Data Model to confirm the capability of the New Model, as well as 

to compare the ease of use between the new model and the existing systems.   

The new ESRI model was found capable of performing all 6 of the operations, as were BGBASE and IrisBG, 

while the original model was unable to complete all 6 operations.    In addition to being able to complete 

all six operations, the new ESRI model combines this with spatial analysis capability, neither of which 

BGBASE or IrisBG are capable of. Table 3 provides a summary of the capability of each system to perform 

each of these operations.   
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Images are now stored in the ESRI model, allowing users to view, query or create maps with images of 

accessions, collections or locations.  Locality information is now stored in the ESRI model spatially, 

allowing users to query collections and map species based on locality.  Taxonomy information in the new 

model is now robust, allowing users to create lists, labels and maps with synonymy, review references 

and verify taxonomical information, maintaining a history of taxonomical updates for plants in their 

collections.    

While BGBASE, IrisBG and the New Esri Model are all capable of these 6 operations, it should be noted 

that BGBASE alone does not have mapping capability.  Data viewing and querying is possible in BGBASE 

but not map creation.  Maps can be created in IrisBG via internet imagery such as Google Maps.  The new 

model has significant more capacity for spatial querying and analysis. 

Capability     

 Original 
ESRI Model 

BGBASE IrisBG New ESRI 
Model 

View/query or create maps with images of accessions  No Partial* Yes** Yes 

View/query or create maps with images of collections 
or locations 

No Partial* Yes** Yes 

Query/map living collections by locality of the species No Partial* Yes** Yes 

Create labels/lists/maps that include synonyms for taxa No Partial* Yes** Yes 

Review references used for taxa No Yes Yes Yes 

Periodically verify and update taxonomy for accessions 
(maintaining previous taxonomy) 

No Yes Yes Yes 

*Partial refers to the ability to view and query tabular information, but not map or view this data spatially 
**IrisBG allows users to visualize spatial data using google maps, click on items and open tabular information.  Spatial query and 
analysis are not possible. 

 

Table 3: Capability of all systems to complete important operations 

While all 6 operations can be performed in the new ESRI model, BGBASE and IrisBG, how they are 

accomplished and the ease of use of each system varies.  

The new model is now comparable to IrisBG and BGBASE when querying and viewing images of particular 

accessions. When viewing multiple images of a particular accession, IrisBG has the simplest interface, 

with all thumbnails appearing in the Images tab view.  In BGBASE, multiple images for a particular 

accession can be scrolled through individually in the multimedia window.   

The identify window in ArcGIS can be used to view thumbnails of each individual image.  Images can be 

viewed alongside maps in the new ArcGIS model by selecting the “PlantAccessionHasPlantCenters: 

PlantCenters” relationship.  Figure 51 shows thumbnail images for an accession as well as the image for a 

particular accession in its own window alongside a map. 
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Figure 52: PlantCenter relationship used to create map of a particular accession(s) with image 

Mapping of images is significantly different in each system.  Images of accessions can not be mapped in 

BGBASE, as only coordinate are stored in a table.  IrisBG is capable of creating an accessions map, 

showing points on web-based imagery. Accession maps are clickable, with each point opening the tabular 

record for the plant.  Like IrisBG, the new model also allows users to create maps through tabular 

attribute queries.  The resulting maps are also clickable, points can be used to open tabular data but also 

for in depth spatial analysis. Spatial query and analysis of accession images is unique to the new model 

and not possible in the other systems. 

The steps for Viewing/querying/mapping images of accessions in each system are as follows: 

BGBASE IrisBG New ESRI Model 

Viewing/querying   

1. open images table 
2. search for an accession 

record using the key field   
3. Click on one or all records 
4.  Click on Multimedia then 

Images to view each 
image. 

 

1. click on accessions 
2. search for an accession 

record in the accession 
field 

3. click on the images tab to 
view images 

 

1. Open PlantAccession table. 
2. Search for an accession record using Select by 

Attributes  
3. Select “PlantAccessionHasImages: Images” 

from the Relationships menu 
4. Click Image_Link field in the Images table to 

view images. 
 

Mapping   

• A list of coordinates can be 
exported. 

• Tabular accession queries 
can be mapped on web-
based imagery.   

• Points can be clicked on, 
opening tabular data, 
including images. 

• Complex spatial queries can be used to 
query accessions using the PlantCenter 
feature class. 

• Images of the resulting accessions can be 
viewed via the 
“PlantCenterHasImages:Images” 
relationship menu. 
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Images of collections and locations are viewed in much the same way as accession images in both the 

new model and BGBASE, collection images in IrisBG are stored via an Image Library URL.   

As with mapping images of accessions, map creation with images of collections or locations is very 

different in each system.  Maps of a particular collection or location can not be visualized in BGBASE, 

coordinates can be exported from the locations table for use in another system.  IrisBG is capable of 

creating a map of a particular location or collection, showing points on web-based imagery.  In the new 

model, locations and collections are stored in a spatial feature class, enabling spatial query and analysis 

that is not possible in either BGBASE or IrisBG. 

The steps for Viewing/querying/mapping with images of collections or locations are as follows: 

BGBASE IrisBG New ESRI Model 

1. open images table 
2. search for a 

collection/location record 
using the key field   

3. Click on one or all records 
4.  Click on Multimedia then 

Images to view each image. 
 

1. Under the 
management menu, 
select collections. 

2. Copy and paste the 
Image Library URL 
into a browser or file 
explorer window 

1. Open Living Collection attribute table  

2. Search for a particular collection/location record 

using Select by Attributes  

3. Select “LivingCollectionHasImages:Images” from the 

Relationships menu 

4. Click Image_Link field in the Images table to view 

images. 

 

Mapping   

• A list of coordinates can be 
exported. 

• Tabular location 
queries can be 
mapped on web-
based imagery.   

• Points can be clicked 
on, opening tabular 
location data. 

• Complex spatial queries can be used to query 
planting bed and living collection area data. 

• Images of the resulting queries can be viewed 
via the “LivingCollectionHasImages:Images” and 
“PlantingBedHasImages:Images” relationships. 

 

The new model is now capable of storing locality data with a spatial reference.  Users can use both 

attribute and spatial queries to view either plants from a particular locality, or the localities of a particular 

group of plants. Figure 52 shows locality attributes for a particular group of plants. 



 
 

62 
 

 

Figure 53: Map of collection plants showing locality attributes. 

IrisBG has the ability to filter data by numerous attributes, including locality, and view the resulting 

features on web-based imagery.  The resulting maps are clickable, points can be used to open tabular 

data and view specific locality information. Locality information in BGBASE is stored at a field level, in 

numerous tables and thus an sList query must be used to locate particular records.  Locality data is stored 

as latitude and longitude in the Accessions table; however, mapping of localities is not possible within 

BGBASE. 

The steps for Querying/mapping living collections by locality of the species are as follows: 

BGBASE IrisBG New ESRI Model 

1. Use and sList 
query to 
search for a 
particular 
locality in a 
particular 
table field 

1. Click on Maps 
2. Click on Locality maps 
3. Use filters to select 

particular 
locality/plants/species 

4. Click view to see 
resulting map 

To view plants within a particular locality: 
1. Open locality table 
2. Search for a particular locality record using Select by 

Attributes  
3. Select “LocalityHasPlantAccession:PlantAccession” to 

see related Accession 
4. Select “PlantAccessionHasPlantCenters:PlantCenter” 

relationship to see plant centers mapped. 
To view various localities of a particular group of plants: 

1. Open Plant Center table 
2. Search for particular plant center records using Select 

by Attributes 
3. Select “PlantAccesionHasPlantCenters:PlantCenter” 

Relationship 
4. Select: LocalityHasPlantAccession:PlantAccession” 

relationship to view locality records for the selected 
plant centers 

5. Zoom to selected records to view a map of these 
localities. 
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Mapping   

• A list of 
coordinates 
can be 
exported. 

• Tabular locality 

queries can be 

mapped on web-

based imagery.   

• Points can be clicked 
on, opening tabular 
locality data. 

• Complex spatial queries can be used to query locality 

using the Locality feature class. 

 

 

Viewing synonyms of various taxa in the new model can be accomplished in a few clicks.  The process for 

viewing tabular data for synonyms in the new ArcGIS model, BGBASE and IrisBG is almost identical. Labels 

and lists can be created from this data in all three systems, with varying levels of complexity.  Generally, 

IrisBG provides the most user-friendly reporting tools.  

In the new model, users can label accession points on a map with synonyms for that particular taxon.  

This is not possible in BGBASE, as there is no mapping capability.  Accession maps in IrisBG can be used to 

open tabular taxon data but this information can not be used to label points on the map. 

To view synonyms for taxa: 

BGBASE IrisBG New ESRI Model 

1. Open the names table 
2. Search for particular 

taxa record in the Name 
Num field 

3. Scroll to the page 3 of 
the entry window to 
view synonyms 

1. Click on the Taxa 
menu 

2. Search for 
particular taxa 
record in the taxon 
name field 

3. View taxa and 
synonyms in the 
Names tab 

1. Open Plant Names attribute table 
2. Search for a particular taxa record using Select 

by Attributes  
3. Select “PlantNamesHasSynonmy: PlantNames” 

to see synonyms  
. 

Mapping   

• Tabular synonymy 
data can be 
exported and used 
in another system. 

• Tabular accession 

queries can be 

mapped on web-

based imagery.   

• Points can be 
clicked on, opening 
tabular data, 
including 
synonymy. 

• Complex spatial queries can be used to create 

accession maps. 

• Points on the map can be labelled with plant 

name synonyms. 

 

 

Viewing references for a particular taxon in the new model is quick and easy.  The process is comparable 

to that of IrisBG and BGBASE, with only a few clicks required in all three systems. 
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To Review references used for taxa: 

BGBASE IrisBG New ESRI Model 

1. Open the Data 
Sources table 

2. Search for 
particular taxa 
record in the DS 
num field 

3. Select all records to 
view in the entry 
window 

1. Click on the Taxa 
menu 

2. Click on the 
References tab to 
view associated 
references. 

1. Open Plant Names attribute table 
2. Search for particular taxa record using Select by Attributes 
3. Select “ReferenceHasPlantNames:Reference” to see associated 

references. “ReferenceHasPlantNames: Reference”  
 

 

The new model now has similar capability to IrisBG and BGBASE for updating or confirming taxonomical 

information for a particular accession.  Verification records can be added and attached to a particular 

collection plant. It should be noted that all three systems are similar in that a new verification record does 

not automatically update/change the taxa associated with a particular plant in the names table.  If a new 

name is applied to a plant via a verification record, the taxa associated with this plant must be manually 

changed to reflect the new verification.  

To Periodically verify and update taxonomy for accessions (maintaining previous taxonomy): 

BGBASE IrisBG New ESRI Model 

1. Open the 
Verifications table 

2. Use the entry 
screen to enter a 
new verification 
record for a 
particular accession 

*Verification records for 
a particular accession 
can be viewed by 
entering the accession 
number in the 
VerificationNum field 

1. Click on 
Accessions menu 
item 

2. Use the 
determination 
history entry 
screen to update 
taxonomy  

 
*Determination 
history can be viewed 
in the entry screen 

1. Open Verifications table 
2. Start Editing to add a new verification record to 

this table. 
 
*Verification records for a particular accession by 
opening selecting the plant in the Plant Center 
table and clicking on the 
“PlantCenterHasVerifications:Verification” 
relationship. 

 

 

Validation has proven that implementation was successful in creating a new ArcGIS model, capable of all 

important operations that are required to document living plant collections in a single system.  The 

useability of the new model is comparable to that of IrisBG and BGBASE, with a similar number of steps 

required to complete each operation in all systems.  The spatial capabilities of the new model far exceed 

those of both IrisBG and BGBASE.   

Overall, IrisBG was found to be the most user-friendly system, with intuitive menu items and tabbed 

views, making information easily accessible with little training on how to use the system. BGBASE requires 

users to query tables and make use of querying tools, requiring some prior experience or training.  The 

ArcGIS model requires users to have a basic working knowledge of the software, understanding how to 
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open attribute tables and perform queries using the select by attributes tool.  Users also need to 

understand how relationships connect tables and how to move between related records in various tables. 
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Chapter 5. Conclusion 

 

5.1 Research Objective Findings 
 

This project set out to research the possibility of an expanded ArcGIS Parks and Garden Information 

model and provide a single repository for public gardens to record plant records data. This involved 

analyzing the current model, surveying the user community to assess needs, implementing changes to 

the existing model, migrating data into the new model and validating its capability.  The research 

objectives of the project were addressed as follows: 

1. How do the current schema and thematic associations of the ArcGIS Parks and Gardens Information 

Model, BG-BASE and IrisBG differ? (Analysis) 

Analysis of BGBASE, IrisBG and the ArcGIS Parks and Gardens Information Model confirmed that 

expansion of the current model was necessary in order for the ArcGIS Model to be used as a sole 

repository for plant records data.  All three systems were found to represent data in 21 thematic areas, 

with the current ArcGIS Parks and Gardens Information only representing 8 of these themes. Thematic 

analysis supported the idea that the current model lacked capacity in key thematic areas, limiting its 

ability to be used a stand-alone plant records system.  This was further supported by the survey results, 

where only 2 of 18 users of the current ArcGIS Parks and Gardens Information Model were able to use it 

as the only system for recording their plants.  Most users use more than one system to record plants. 

Thematically, the ArcGIS model was shown to be quite different than BGBASE and IrisBG, while BGBASE 

and IrisBG proved to be quite similar.  The ArcGIS model was shown to have extensive capacity to store 

data on physical infrastructure.  The Facilities, Boundaries, Physical Landscape and Utilities themes were 

strongly represented in the ArcGIS model and were very limited or absent in BGBASE and IrisBG.  The 

following themes were present only in BGBASE or IrisBG Plant parentage, Plant awards, Propagation, 

Plant quarantine, Plant permits, Genetics, Lineage, Conservation status, Library/References, 

Personnel/Staff, Plant Collectors, Locality. 

Overall, BGBASE and IrisBG proved very similar in their overall capacity to store plant collections 

information, with 19 of the 21 themes represented in both systems.  While both systems were 

thematically similar, in almost all cases, BGBASE stored more attributes within a particular theme than 

IrisBG.  

Their inclusion in this project was justified by the survey results as IrisBG, BGBASE and excel were 

identified as the most used database systems by the public garden community. 

The thematic differences between the current ArcGIS Model, IrisBG and BGBASE were significant, 

showing a need for an expanded model. 

2. What additions to the current schema and what new associations will enable gardens to use the 

ArcGIS Parks and Gardens Information Model as a single system for their plant records? (Survey) 

The survey results supported the thematic analysis, in that many thematic areas strongly represented in 

both BGBASE and IrisBG and absent from the current ArcGIS model, were identified as important for 

documenting plant collections. Of the 15 thematic areas presented to the user community, 11 were 

identified as important to include in an expanded model.  This strong response from the user community 
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re-enforced those additions to the current schema were not only necessary, but that the user community 

has a unified view on what is required to record plants. 

Similarly, 6 of 17 key functions, that were not possible in the existing model, were identified as important 

for managing plant collections data by the survey.  While the response from the user community was less 

unified when it came to functionality, the top 6 operations were important to a large number of 

respondents.  This result suggests that while the data capacity requirements of the expanded model are 

similar amongst members of the user community, how they use this data may vary.  

The survey clearly identified 11 thematic areas and 6 key functions that potential users feel are required 

for the ArcGIS Parks and Gardens information model to be used as a single system for plant records. 

3. What additions to the current schema and new associations should be integrated into the existing 

Parks and Gardens Information model? (Implementation) 

The 11 thematic areas and 6 key functions identified by the survey translated into the addition of 10 new 

tables, 1 feature class and 31 new relationships to the new model.  All but one of the new additions to the 

model were not spatial in nature, most additions were tabular in nature, relating to the spatial aspects of 

the current model. This was expected as the current model has a strong focus on physical infrastructure, 

with less focus on information about collection plants.  Taxonomy, Locality, Personnel/Staff, Conservation 

Status, Plant Collector, Plant Lineage, Plant parentage, Propagations, Images, Institutional contacts, and 

Library/References were the thematic areas added to the new model.  Because IrisBG and BGBASE were 

had similar tables and fields used to capture these thematic areas, tables and fields common to both 

systems were added to the new model.   

4. How can existing data be migrated into the modified Parks and Gardens Information model schema? 

(Migration) 

Data migration into the new model proved to be a significant undertaking.  Data migration required 

significant user knowledge of both ArcGIS and BG-BASE as most of the test data from Royal Botanical 

Gardens was not aligned with the tables and fields of the new model.  Some tables were easily populated 

by exporting data and loading this into the new model, while others needed to be split and/or merged 

with other tables.  Relating data was the most challenging aspect of data migration, requiring temporary 

table joins and often manual entry.   

Data migration from Excel and IrisBG will have similar challenges.  Data migration from Excel requires the 

addition of GUID fields, while exporting data from IrisBG involves the use of customizable reports making 

it difficult to export entire tables. 

Each dataset migrated into the new model will have its own unique challenges are require a customized 

approach. Gardens who intend to transfer large datasets into the new model should consider the skill and 

complexity involved and ensure adequate resources are available to accomplish this.   

5. Do the improvements to the existing Parks and Gardens Information model provide improved data 

schema capacity and functionality, enabling its use as a single system for their plant records?  

(Validation) 
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Validation of the new model proved successful, in that all 6 important operations identified in the survey 

could be carried out in the new model. All 6 of these operations could not be completed in the original 

ArcGIS model, illustrating the much-improved data schema capacity and functionality of the new model.  

The useability of the new model was found to be similar to that of BGBASE and IrisBG, in that a similar 

number of steps were required to complete each operation in all 3 systems.  IrisBG was more user 

friendly than either of BGBASE and ArcGIS.  Menus are very streamlined and intuitive and reporting tools 

are easier to find and use.  When comparing the ability of each system to complete mapping operations, 

spatial querying and analysis was only possible in the new model, with limited mapping capability in IrisBG 

and no mapping capability in BGBASE. 

Considering that the thematic areas and functionality added to the new model were those indicated as 

important by the user community, it is reasonable to assume that the improved data schema capacity and 

functionality will enable the new modified ArcGIS Parks and Gardens Information Model to be used as a 

single system for plant records. The improved data schema combined with the robust spatial capabilities 

of ArcGIS indicate that the new model will fulfill the need for an integrated plant records system, 

identified by Weber and Beagan in 2017. 

 

5.2 Limitations of the study 
 

5.2.1 Subjectivity 

 

One limitation of this project was the subjective nature of the database comparison, completed during 

the Analysis phase of the project. While all 3 systems are relational in nature, the data schema of the 

ArcGIS model, BGBASE and IrisBG are very different, precluding the ability to use software programs to 

compare schemas.  Both ArcGIS and IrisBG are relational databases with Table-to-Table relationships. 

BGBASE, while also a relational database, uses multi-value fields, allowing data tables to be linked at a 

field level.  This made it difficult to compare both the schema and functionality of the three systems.   

A thematic approach was taken which relied on an interpretation of which tables/fields were most 

similar.  Professional experience helped to accurately compare the systems; however, it is possible that 

someone completing this work without experience would make slightly different decisions about which 

tables/field belonged in which thematic area. Splitting of tables into multiple themes and assigning sub-

themes to fields was a subjective process. 

Variability also exists with how users use each of these systems, where they choose to store particular 

data and how they make use of user defined fields. Thematic analysis was performed, assuming users 

were using fields as recommended by the software.  User defined field were omitted from the thematic 

comparison. 

5.2.2 Technical Limitations 

A technical limitation was encountered during the implementation phase of the project. ArcGIS is unable 

to create a relationship with a Table and itself. This was realized when attempting to attach accepted 

names, to synonyms, both of which are stored in the NAMES table.  Since ArcGIS does not allow 

relationships to be created within a table, a second table, named SYNONYMY was created with accepted 

names stored in the NAMES table, synonyms stored in the NAMES table and a one-to-many relationship 
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between the NAMES and SYNONYMY tables. This was not an ideal solution as two tables in the new 

model have the same attributes and thus break the rule of fundamentally designing a database based on 

object type.   

 

5.3 Reflections on work based on current work in the field 
 

The original ArcGIS model was designed and built in 2008 and many gardens have adopted the model for 

mapping their plant collections.  In Weber and Beagen’s 2017 study, ArcGIS was highly ranked as a solid 

system for mapping public gardens but it was also noted that taxonomic tables are a key feature lacking 

in the current model.  The new model created as a result of this project address this concern, adding 

significant taxonomic capacity. While many software packages are available for purchase to document 

plant collections, including BGBASE and IrisBG, the ArcGIS data model remains as a comprehensive option 

that is low cost.  

 

5.4 Significance of Research and Potential applications 
 

The new ArcGIS Model can now be adopted by public gardens for use as a single repository for plant 

records.  The adoption of this new model by the user community could vastly increase the efficiency, 

effectiveness and accuracy of plant records data, enabling better communication of garden holdings.  The 

new model will play a role in communicating effectively about the biodiversity held in plant collections. 

Both new gardens and existing gardens with large amounts of plant collection data can use the new 

model to document living collections.  Ideally a small number of test gardens are identified and data 

migration is completed. Existing plant records data that can not be stored in the model should be flagged 

and compared to other data migration efforts, to inform future updates of the new model.  

The improved data schema, combined with the spatial capability of ArcGIS will enable gardens to perform 

operations that were never possible before.  The new model now stores complex taxonomy data 

alongside physical infrastructure data.  Questions such as “which taxa are located next to a particular 

irrigation line that needs repair” can now be answered.    

5.5 Future Directions 
 

5.5.1 Deployment of the modified ArcGIS Parks and Gardens Information Model 

 

The new model will be made available through the Alliance for Public Gardens GIS and available to users 

for free download.  The changes to the existing model will be packaged as a plant records module, and 

will be included in a new version of the current data model.  The updated model will be available via xml 

file (as the current model is), which can then be used to create an ArcGIS geodatabase.  Release notes will 

also be made available to users. 

The user community will be encouraged to download the new model through communications from both 

the Alliance for Public Gardens GIS and the American Public Gardens Association.  Workshops and 

presentations at American Public Garden Association (APGA) events will also be used to raise awareness 

about the model and assist users with implementation. 
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5.5.2 Model Expansion 

Once the model is adopted by users and successful in its ability to be used a single repository for plant 

records, expansion of this model can be considered.  Both IrisBG and BGBASE offer numerous modules 

that can be added to the living collections module.  From the survey results, a Propagation module is 

something the user community identified as a potentially useful area to expand capacity in. 

5.5.3 Data Migration Processes 

While migrating data into the new model, it was clear that a workflow to assist new users migrate existing 

data would be potentially helpful to assist those will limited experience in migrating data.  Techniques and 

tip on importing excel data, joining tables and assigning global IDs are necessary skills when migrating 

existing data.  Alternatively, it should be recommended that data migration is completed by a skilled 

database technician. 

5.5.4 Ease of use improvements 

While all important functions identified by the user community can be performed in the new model, 

users are required to have significant working knowledge of ArcGIS software.  Entering new data, 

updating records and reporting information is not intuitive and users of the model must be experienced 

or trained.  A standard user interface, with menus and tools commonly used, would help users find what 

they need more easily.  The creation of geoprocessing tools to perform operations commonly performed 

would improve efficiency and workflow.  Workflow could also be streamlined by creating suggested 

processes and procedures for the new model on how to input new data and maintain existing data.  

Reporting tools could also be created to help standardize data export. 
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Appendix I:  Subtheme breakdown by thematic area 

1.Facilities      

ArcGIS  BGBASE  IrisBG  

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within 
table fields 

Tables Subthemes captured within 
table fields 

Barrier  
(15 fields) 

Barrier physical characteristics Activities  
(12 fields) 

Maintenance/project 
description  
Maintenance/project tracking 
Event cost 
 

Project  
(12 fields) 

Maintenance/project 
description 
Maintenance/project tracking 

Bollard  
(12 fields) 

Bollard physical characteristics  CollEvent  
(35 fields) 
 

Event description 
Experience/event timing 
Event cost 

Curb  
(13 fields) 

Curb physical characteristics   

Landscape Structure  
(11 fields) 

Structures physical characteristics    

PavementMarkingLine  
(10 fields) 

Pavement marking line physical 
characteristics  

  

PavementMarkingPoint  
(12 fields) 

Pavement marking point physical 
characteristics 

  

PavementSegment  
(20 fields) 

Pavement segment physical 
characteristics 
Traffic data 
Parking fees 

  

Pole  
(12 fields) 

Pole physical characteristics   

Structure  
(24 fields) 

Structure physical characteristics    

TrafficCalming  
(12 fields) 

Traffic calming physical 
characteristics  
Traffic data 
Parking fees 

  

Unpaved Surface  
(11 fields) 

Unpaved surfaces physical 
characteristics 

  



 
 

75 
 

Utility Box  
(9 fields) 

Utility box physical characteristics    

Utility Vault  
(8 fields) 

Utility vault physical characteristics     

Furniture  
(13 fields) 

Furniture physical characteristics   

Guest Experience  
(10 fields) 

Experience type 
Experience/event timing 

  

Traffic Sign  
(9 fields) 

Traffic sign physical characteristics   

Visitor Sign 
(9 fields) 

Visitor sign physical characteristics   

Waste Container  
(12 fields) 

Waste container physical 
characteristics 
Maintenance of waste container 

  

Asset Maintenance  
(24 fields) 

Maintenance/project description 
Maintenance/project tracking 

  

Enclosure  
(17 fields) 

Enclosure physical characteristics    

Product Information  
(17 fields) 

Product source 
Product warranty 
Product status 
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2.Boundaries 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within 
table fields 

Tables Subthemes captured within 
table fields 

Tables Subthemes captured within 
table fields 

Area of 
Interest  
(11 fields) 

Area of interest description Garden_Collections  
(8 fields) 

Collection/location description 
Current/past plants stored 

CollLocation  
(25 fields) 

Collection/Location 
description 
Location status 

Cultural Area  
(17 fields) 

Cultural area description 
Cultural area restrictions and 
registration 

Locations  
(43 fields) 

Collection/Location 
description 
Inventory status 

CollLocationType 
(7 fields) 

Collection/Location 
description 

District 
(8 fields) 

District name description Location_groups  
(8 fields) 

Collection/Location 
description 

Collection  
(28 fields) 

Collection/location description 
Collection type 

Exhibit  
(11 fields) 

Exhibit description   Plot 
(16 fields) 

Plot description 
Associated collectors/projects 

Living 
Collection  
(9 fields) 

Collection/location description  

Operational 
Area  
(11 fields) 

Operational area description 
Operational priority and 
intensity 

 

Property  
(9 fields) 

Property description  

Reference Grid  
(9 fields) 

Reference grid identification  

Section  
(7 fields) 

Section description  

Mass Planting  
(11 fields) 

Mass planting description  

Planting Area  
(10 fields) 

Planting area description 
 

 

Planting Bed  
(8 fields) 

Planting area description  
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3.Physical Landscape 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

Hydrographic 
Drainage  
(8 fields) 

Hydrographic drainage description  GeoPeriod  
(10 fields) 

Geo period description 

Hydrographic Line  
(10 fields) 

Hydrographic line description   

Hydrographic Point  
(9 fields) 

Hydrographic point description   

Geology  
(14 fields) 

Geology description   

Soil  
(9 fields) 

Soil description   

Soil Sample  
(63 fields) 

Soil sample description 
Soil sample results  

  

SSURGO Soil Sample  
(11 fields) 

SSURGO unit identification   

Survey Monument  
(24 fields) 

Survey monument description 
Survey monument Source details 

  

Natural Vegetation  
(15 fields) 

Natural vegetation identification 
Vegetation classification 
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4.Utilities 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

ElectricLine  
(15 fields) 

Electric line description 
Electric line status 

  
 

ElectricPoint  
(9 fields) 

Electric point description 
Electric point status 

  

GasLine  
(15 fields) 

Gas line description 
Gas line status 

  

GasPoint  
(9 fields) 

Gas point description 
Gas point status 

  

IrrigationController  
(13 fields) 

Irrigation controller description 
Irrigation controller status 

  

IrrigationHead  
(16 fields) 

Irrigation head description 
Irrigation head status 

  

IrrigationLine  
(15 fields) 

Irrigation line description  
Irrigation line status 

  

IrrigationPoint  
(12 fields) 

Irrigation point description 
Irrigation point status 

  

IrrigationStation  
(21 fields)  

Irrigation station description 
Irrigation station status 
Water consumption 

  

IrrigationWire  
(12 fields) 

Irrigation wire description 
Irrigation wire status 

  

SewerLine  
(13 fields) 

Sewer line description 
Sewer line status 

  

SewerPoint  
(9 fields) 

Sewer point description 
Sewer point status 

  

StormWaterLine  
(14 fields 

Storm water line description 
Storm water line status 

  

StormWaterPoint  
(9 fields) 

Storm water point description 
Storm water point status 

  

TelecommunicationLine  
(15 fields) 

Telecommunication Line description 
Telecommunication Line status 

  

TelecommunicationPoint  
(11 fields) 

Telecommunication Point 
description 
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Telecommunication Point status 

WaterSample  
(62 fields) 

Water sample description 
Water sample results  

  

WaterLine  
(15 fields) 

Water line description 
Water line status 

  

WaterPoint  
(9 fields) 

Water point description 
Water point status 

  

Water Reservoir  
(10 fields) 

Water reservoir description 
Water reservoir status 

  

 

 

5.Collections 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

PlantCenter  
(41 fields) 

Accession identification 
Physical characteristics 
Location 
Status (field checks) 

Plants  
(107 fields) 

Accession identification 
Location 
Status (field checks) 
Physical characteristics 
Accession value 
Label characteristics 
Associated project 
Collection 
Treatments 
Cause of death 

Coll item  
(67 fields) 
 

Accession identification 
Status 
Location (x,y/lat,long) 
Restrictions 
Label characteristics 
Physical characteristics 
Label status 

 

PlantAccession  
(21 fields) 

Accession identification 
Source details 
Restrictions (native/sensitive) 
Deaccession details 

Accessions  
(156 fields) 

Accession identification 
Source details 
Collection details 
Associated taxa 
Associated projects 

CollObjects 
(53 fields) 

Accession identification 
Location 
Source details 
Associated projects 
Collection details 

Plant Label  
(11 fields) 

Label characteristics Label 
Requests  
(28 fields) 

Label characteristics 
Label status 

CollInsp  
(42 fields) 

Physical characteristics 
Work order details 
Pest problems 
Hazard rating 

Plant 
Maintenance  

Inspector 
Physical characteristics 

Hort Tasks  
(42 fields) 

Work order details 
Maintenance materials 
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(28 fields) Label characteristics 
Work order details 
Maintenance type and status 
tracking 

Costs 
Maintenance type and status 
tracking 

Tree Benefit  
(28 fields) 

Assessment details 
ITree codes 
Physical characteristics 

Occurrences  
(47 fields) 

Occurrence description 
Location 
Environmental conditions 

 

TreeHazardHealth  
(57 fields) 

Assessment details 
Physical health 
Environmental impacts 
Pest problems 
Hazard rating 

Desiderata  
(64 fields) 

Desiderata request details  
Intended location 
Status 

 

  Desitems  
(45 fields) 

Desitems Request details 
Desitems Status 
Associated collections 

 

  Coll.books  
(132 fields) 

Collection details  
Associated records 
Treatments 
Source details 

 

  Coll.nums  
(16 fields) 

Associated records  
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6.Taxonomy 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within 
table fields 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within 
table fields 

PlantCenter  
(41 fields) 

Nomenclature  Authors 
(31 fields) 

Author Identification 
Lifespan 
Expertise 
 

TaxGroup  
(27 fields) 

Nomenclature 
Synonymy 
Status 
Author Identification 

  Classes  
(12 fields) 

Nomenclature 
 

Taxon  
(32 fields) 
 

Culture, habit, hardiness 
Distribution 
QR Codes 
Labels 
Identification/status 

  Major Taxa  
(15 fields) 

Nomenclature 
 

Tax Rank  
(11 fields) 

Nomenclature 
 

  Names  
(198 fields) 

Identification/Status 
nomenclature 
Synonymy 
Distribution 
Culture, habit hardiness 
Phenology 
Colour 
Size 
Introducer/Hybridizer 

Taxon Name  
(39 fields) 
 

Nomenclature 
Status 
Distribution 
 

  Subclasses  
(10 fields) 

Nomenclature 
 
 

Taxon Common 
Name  
(10 fields) 

Nomenclature 
 
 

  Verifications (53 
fields) 

Verification Identification/status 
Nomenclature 
Verifier name and capability 
Labels 
Specimen information 

Coll item  
(67 fields) 
 

   Nomenclature 

  Interactions  
(21 fields) 

Taxon interaction species 
 

  

  Orders  
(10 fields) 

Nomenclature  

  Coll.books Nomenclature  
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(132 fields) 

  Accessions  
(156 fields) 

Nomenclature  

  Awards  
(48 fields) 

Nomenclature  

 

 

 

7.Development 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table fields Tables Subthemes captured within table fields Tables Subthemes captured within table fields 

Dedication  
(13 fields) 

Dedication contact details 
Dedication description 
Dedication status 

  Fundings  
(15 fields)  

Dedication contact details 
Dedication description 
Dedication status 
Dedication funds 

 

 

 

 

8.Institutional Contacts 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table fields Tables Subthemes captured within table 
fields 

Institution  
(34 fields) 

Basic contact information 
Climate information 
Taxa counts 

Psources  
(98 fields) 

Basic contact information 
Climate information 
Horticultural specialties 
Seed exchange history and agreements 

Institution  
(13 fields) 

Basic contact information 
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9.Images 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within 
table fields 

Tables Subthemes captured within 
table fields 

Tables Subthemes captured within 
table fields 

Raster Catalog (aerial 
photography)  
(12 fields) 

Source information 
Location data 

Autocad  
(10 fields) 
 

Accession information 
Location data 

MapProvider  
(16 fields) 
 

Source information 
Location data 

 Images  
(89 fields) 
 

Image content  
location data  
Image capture 
Photographer data 
Copyright/credit 
Link to electronic file 

CollMap  
(16 fields) 
 

Map description 
Location data 
 

 Places  
(72 fields) 

Place images Image  
(23 fields) 
 

Image content 
Image capture 
Photographer data 
Copyright/credit 
Link to electronic file 

 Locations  
(43 fields) 

Location images Collection  
(28 fields) 

Collection images 

   CollEvent  
(35 fields) 

Event images 

   CollLocation  
(25 fields) 

Location images 

   CollInsp  
(42 fields) 

Collection images 
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10.Locality 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table fields Tables Subthemes captured within 
table fields 

Tables Subthemes captured within table fields 

  Habitat_types  
(9 fields) 

Habitat description Locality 
(29 fields) 

Location identification 
Location description 

  TNC_Ecoregions 
(9 fields) 

Ecoregion description   

  Places  
(72 fields) 

Location identification 
Location description 
Collectors 

  

  Images  
(89 fields) 

Locality   

  Accessions  
(156 fields) 

Locality   

  Coll.books  
(132 fields) 

Locality   

 

11.Plant Collectors 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within 
table fields 

Tables Subthemes captured within table fields Tables Subthemes captured within table fields 

  Contacts  
(153 fields) 

Basic contact information 
Contact status 
Reference person 
Sensitive information 
Languages 
Education 
Associations/Publications/Memberships 
Expertise/specialty/interests 

ExtContact 
(26 fields) 

Basic contact information 
Contact status 
Reference person 
 

  Contact Lists  
(7 fields) 

Contact list description 
Contact list restrictions 

ExtContactRole 
(5 fields) 

Contact type 

  Collectors  
(61 fields) 

Basic contact information 
Collector status 
Collector birth/death 
Expertise/specialty/interests 
Specimens 
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12.Personell/Staff 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

  Staff  
(65 fields) 

Basic contact information 
Personnel status  
Employment details 
Logon details 
System preferences 

Personnel 
(25 fields) 

Basic contact information 
Personnel status  
Employment details 
Logon details 

  Location  
(43 fields) 

Staff/contact CollLocation 
(25 fields) 

Staff/contact 

  Contact 
Lists  
(7 fields) 

Staff/contact Fundings  
(15 fields) 

Staff/contact 

  Awards  
(48 fields) 

Staff/contact   

  Germplasm 
(88 fields) 

Staff/contact   

 

 

13.Library/References 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured 
within table fields 

Tables Subthemes captured within table fields Tables Subthemes captured within 
table fields 

  Citation_formats  
(7 fields) 

Citation format name 
Citation format owner 
 

Library 
 

Data source type 
Authors 
Publication information 
Titles 
Library classification/storage 
information 
URL 

  Citation Format 
Items  
(48 fields) 

Data source type 
Citation format owner 
Citation formatting options (author, date, name, 
pagination, fields included). 

TaxGroup 
27 (fields) 

References/sources 
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  DS  
(88 fields) 

Data source type 
Authors 
Publication information 
Titles 
Languages 
Library classification/storage information 
Content information (geographic area, taxa) 
Associated data 
Access 
URL 

Taxon 
Name  
(39 fields) 

References/sources 

  Classes  
(12 fields) 

References/sources   

  Verifications  
(53 fields) 

References/sources   

  Names  
(198 fields) 

References/sources   

  Interactions  
(21 fields) 

References/sources   

  Collectors  
(61 fields) 

References/sources   

  Shipments  
(38 fields) 

References/sources   

  Awards  
(48 fields) 

References/sources   
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14.Conservation status 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table fields Tables Subthemes captured within table fields Tables Subthemes captured within table fields 

  IUCN_CATS  
(9 fields) 

IUCN category abbreviation 
IUCN category meaning 

Taxon  
(32 fields) 
 

Conservation status 
 

  Names  
(198 fields) 

Conservation status    

 

15.Plant Lineage 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table fields Tables Subthemes captured within table fields Tables Subthemes captured within table fields 

  Lineages  
(4 fields) 

Number of accessions with same lineage   

 

16.Genetics 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

  Primers  
(8 fields) 

Primer identification 
Primer direction and sequence 

DNAMethod  
(4 fields) 

Item identification 
Method type 
Lab protocol 

  Sequences  
(35 fields) 

Sequence date 
Sequence/Gene/identification 
Plant material identification 
Publications/submissions 
Related staff/projects 

  

  Microstats  
(33 fields) 

 

Sequence/gene identification 
Plant material identification 
publications/submissions 
Related staff/projects 
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17.Plant Permits 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured 
within table fields 

Tables Subthemes captured within 
table fields 

Tables Subthemes captured within 
table fields 

  Permits  
(30 fields) 

Permit identification and 
type 
Permit dates 
Permit coverage/purpose 

Permits  
 

Permit identification and 
type 
Permit coverage/purpose 

 

18. Plant Quarantine 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table fields Tables Subthemes captured within table fields Tables Subthemes captured within table fields 

  Quarantine  
(30 fields) 

Arrival information 
Quarantine location and treatment 
Details of death 
Release information 

Restriction  
(10 fields) 

Identification (name, code) 
Restriction type 
Restriction publication information 
Usage 

  Q_Batches  
(30 fields) 

 

Inspector/Handler 
Arrival information 
Release information 
Transit time 
Quarantine location and treatments 

  

 

 

19. Propagations 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table fields Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table fields 

  Shipments  
(38 fields) 

Source material information 
Recipient information 
Material information 
Charge for shipment 
Genetic information 
Purpose of shipment 
Permit/restriction information 

Coll item  
(67 fields) 
 

Propagation details 

  Ship_Invoices  
(42 fields) 

Recipient information 
Charge for shipment 

Taxon  
(32 fields) 

Propagation details 
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Material type 
Permits/restrictions 
Purpose of shipment 
Shipping details 
Approval 
Collected by 

 

  Names  
(198 fields) 

Propagation details   

 

 

20. Plant Awards 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

  Awards  
(48 fields) 

Plant Parts awarded 
Hardiness 
Award description 
Administration information 

  

  Award_sites  
(7 fields) 

Award site name 
Award site country 

  

  Award_organizations  
(22 fields) 

Award organization 
Award description 
Committees giving awards 
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21. Plant Parentage 

ArcGIS BGBASE IrisBG 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

Tables Subthemes captured within table 
fields 

  Germinations 
(75 fields) 

Identification 
Treatments 
Medium 
Sterilants 
Results 
Dissemination 

Taxon 
Parentage  
(18 fields) 

Identification 
Breeding information 

  Germplasm 
(88 fields) 

Accession history 
Environmental conditions 
Quantity 
Collection information 
Treatments 
Storage 
Observations 
Associated Projects 
Associated Tasks 

  

  Names  
(198 fields) 

Parentage   
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Appendix II: Survey 
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