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BELIZE AND THE RBGE: REFLECTING ON
16 YEARS OF COLLABORATIVE TRAINING

Z. A. GOODWIN1 ,G. L. STOTT1 , L. P. RonNnse DE CRAENE1 s
E. KAY2 , G. N. LOPEZ3, E. HASTONl & D.J. HARRIS1

Between 2001 and 2017, the Royal Botanic Garden Edinburgh conducted training and research in
Belize built around an annual two-week field course, part of the Edinburgh M.Sc. programme in
Biodiversity and Taxonomy of Plants, focused on tropical plant identification, botanical-collecting
and tropical fieldwork skills. This long-term collaboration in one country has led to additional
benefits, most notably capacity building, acquisition of new country records, completion of M.Sc.
thesis projects and publication of the findings in journal articles, and continued cooperation.
Detailed summaries are provided for the specimens collected by students during the field course or
return visits to Belize for M.Sc. thesis projects. Additionally, 15 species not recorded in the
national checklist for Belize are reported. The information in this paper highlights the benefits of
collaborations between institutions and countries for periods greater than the typical funding
cycles of three to five years.

Keywords. Capacity building, collections, field course, herbarium specimens, identification, new
country records, tropical field botany.

INTRODUCTION

Scientists from the Royal Botanic Garden Edinburgh (RBGE) teach a two-week field
course in tropical field botany as part of the Edinburgh M.Sc. programme in Biodiversity
and Taxonomy of Plants. For 16 years this course was held in Belize, in Central America.
This paper summarises the outcomes and discusses the secondary benefits of the RBGE’s
long-term training and research programme in Belize, with a focus on capacity building,
botanical collecting and publications, thus providing stimulus for further development of
the field course and similar courses in other locations. It also provides detailed summaries
of the specimens collected by students during the field course or return visits to Belize for
M.Sc. thesis projects.

BELIZE

Belize is a small (22,965 kmz), mainly English-speaking country in Central America,
notable for its well-preserved biodiversity, with ¢.36% of its terrestrial area under some
form of protection (Fig. 1). Belize is in the southern part of the Yucatdn Peninsula, with the
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Fic. 1. Map of Belize. Areas 1-10 represent individual collecting localities or clusters of
collecting localities (31 in total) visited by students on the Royal Botanic Garden Edinburgh’s
Biodiversity and Taxonomy of Plants field course. The different sizes of circle indicate the
approximate number of herbarium specimens collected during the field course or return visits to
Belize for M.Sc. thesis projects (see Table 2). Inset, location of Belize within Central America.
BFREE, Belize Foundation for Research and Environmental Education; CBWS, Cockscomb Basin
Wildlife Sanctuary.

Mexican state of Quintana Roo to the north, the Guatemalan department of Petén to the
south and west, and the Caribbean Sea to the east (see Fig.1 inset). Its climate is
subtropical, with a marked dry season between February and May and a hurricane season
between June and November. There is a significant precipitation gradient between the north
(c.1200 mm/year) and the south (c.4300 mm/year), with maximum rainfall occurring
around Doyle’s Delight in Toledo District.
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Belize is part of the Mesoamerican biodiversity hotspot (Myers et al., 2000), an area
occupying less than 0.5% of the terrestrial surface of the planet but thought to contain more
than 16,000 vascular plant species, of which 5624 (34%) are endemic to the region (Ulloa
Ulloa et al., 2017). Despite this richness, botanical capacity in Belize is hindered by the
lack of a comprehensive identification guide. There is no national flora for Belize, and the
national checklist of vascular plants (Balick et al., 2000) now needs updating, particularly
given the acceleration of botanical collecting and research efforts in the country (Goodwin
et al., 2015). Belize is covered by several regional floras that are either out of date, such as
the Flora of Guatemala (Standley et al., 1946—-1977), or yet to be completed, such as the
Flora Mesoamericana (Davidse et al., 1994—) and Flora Neotropica (Zanoni, 1967-).

THE RBGE’s M.Sc. IN BiopiVERSITY AND TAXOoNOMY OF PLANTS FIELD COURSE

Organised jointly by the RBGE and the University of Edinburgh, the Edinburgh M.Sc. in
Biodiversity and Taxonomy of Plants is a one-year postgraduate programme with an
emphasis on collection-based plant diversity research. It is delivered via two terms of full-
time teaching followed by completion of a four-month research project. One module in the
taught part of the programme is a two-week field course. This was held in Belize between
2001 and 2017, before being moved to Colombia in 2018.

The primary aim of the field course is to teach students the basics of tropical plant
identification to family level, using sterile characters in the field following Gentry’s A Field
Guide to the Families and Genera of Woody Plants of Northwest South America (Gentry,
1993) (Fig. 2A,B,I). To complement this learning, students also gain training and experi-
ence in best-practice herbarium specimen collecting; acquire an understanding of the
ecology and flora of tropical ecosystems; and are introduced to methods for conducting
qualitative and quantitative ecological surveys, to show how their new-found identification
skills would be used in a practical context (see Fig. 2C—H,J,K). The teaching methods and
principles used on this field course are discussed in detail in Harris et al. (2015) and have
been used successfully in courses across tropical Africa and Asia (Iwamoto & Ronse De
Craene, 2014; Harris et al., 2015).

CaraciTY BUILDING

The two-week field course is a discrete module in the M.Sc. programme. It is held at two
primary study sites with contrasting vegetation types and is attended by about 15-25
students. This arrangement allows students from other institutions, conservation and
research professionals, and members of the public to join the course for training.

In 2006, the field course started to attract interest from researchers and organisations
within Belize. In response, in 2010, non-M.Sc. student participation in the field course was
formalised in two ways: first, by the development of the Certificate in Tropical Field
Botany, awarded by the RBGE to all students who complete the field course; and second,
by the creation of scholarship places on the field course for two Belizean students each
year. These scholarships were funded by the Darwin Initiative initially (Stuart ef al., 2012)
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Fi1G. 2. The primary learning objectives for students on the Royal Botanic Garden Edinburgh’s
Biodiversity and Taxonomy of Plants field course are to understand how to examine plants
systematically (A) and to be able to use sterile characters to identify tropical plants to family level
(B). During morning sessions in the field, students work in groups to also learn basic vegetation
survey techniques, such as the use of quadrats (C) and plots (D), and additional skills such as how to
measure tree heights (E) and sample trees (F). To ensure the collection of high-quality herbarium
specimens, students learn how to collect and press plants in the field (G) and prepare the specimens
for drying in the evenings (H). During afternoon sessions, students use Gentry’s A Field Guide to the
Families and Genera of Woody Plants of Northwest South America (Gentry, 1993) and other relevant
taxonomic accounts and field guides to identify plant material collected during the morning (I). The
students then record their findings and the related specimen data in notebooks (J) before entering the
latter into a database via laptop computer (K).

and were funded by the RBGE between 2012 and 2018. Candidates for the scholarship
were selected by colleagues at the Environmental Research Institute of the University of
Belize. Belizean participants were primarily university students and early-career profes-
sionals from a conservation, biology or horticulture background.

Non-M.Sc. postgraduate students have been a regular presence on the field course, with
Ph.D. students and postdoctoral students attending either informally (2008, 2009 and 2012)
or joining the field course as part of the Natural Environment Research Council (NERC)
Advanced Training Short Courses programme (2015 and 2017).

Over the 16 years in Belize, the field course of the M.Sc. programme in Biodiversity and
Taxonomy of Plants has provided training for 244 M.Sc. students, 26 Belizeans, 25
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postgraduate researchers, and nine students from other backgrounds. Three of the M.Sc.
students have returned to Belize to teach on the field course.

The combination of different types of students on a single field course benefited all
participants. The M.Sc. students brought their botanical training; the Belizean students,
their field experience and their knowledge of local ecology and conservation challenges;
and the non-M.Sc. postgraduate students, their varied practical experiences and theoretical
backgrounds.

The M.Sc. programme in Biodiversity and Taxonomy of Plants has become an important
source of botanists and other scientists. Of the 209 students who graduated from the
programme between 2003 and 2017, 69 (33%) went on to study towards a Ph.D. and 46
(22%) progressed to a career in botany. This is significant because a shortage of trained
taxonomists (Boero, 2001; Paton et al., 2008), particularly due to lack of available training
(de Carvalho et al., 2007, 2008), is thought to be a major contributor to the ‘taxonomic
impediment’ (de Carvalho et al., 2005, 2007; Secretariat of the Convention on Biological
Diversity, 2010) preventing humanity from fully addressing the global biodiversity crisis.

The field course has had a lasting positive impact on the development of botanical
capacity within Belize. Belizean graduates of the field course have progressed to further
education abroad or a range of careers in ecological research, conservation, forestry,
ecotourism, horticulture and education, working for non-governmental organisations and
local government within the country. Thus, Belizean graduates may go on to use these
skills directly in their future career or be able to influence national policy through their
increased understanding of plant identification and the importance of herbarium specimens.
For example, German Lopez, who was recruited and trained as part of the Conservation of
the Lowland Savanna Ecosystem in Belize Darwin Initiative project (project no. 17-022),
began his botanical training as a student on the field course in 2010 (Stuart ez al., 2012). In
the following years, he returned as a course instructor and assisted in teaching undergrad-
uate botanical courses at the University of Belize (Kay, 2012).

COLLECTIONS

The collection of high-quality herbarium specimens by students attending the field course
is extremely rewarding for them and, we believe, scientifically valuable. During the course,
each student must collect at least five herbarium specimens. Between three and seven
duplicates of each collection are made, including one to be held within the host country (in
the case of Belize, for example, at the National Herbarium in Belmopan, BRH). Further
duplicates are distributed to the herbaria of the Royal Botanic Garden Edinburgh (E), the
Natural History Museum in London (BM), the Royal Botanic Gardens Kew (K), Uni-
versidad Nacional Auténoma de México in Mexico City (MEXU) and Missouri Botanical
Garden in St Louis (MO). Additionally, one duplicate is sent to plant group specialists if
these exist for the group in question.

During the field course, students usually collect a total of 50-200 specimens per year
(Table 1). As a result, students have collected more than 1700 specimens of more than 600
different identified species from the 24 Belizean collecting localities visited during the



296 Z. A. GOODWIN ET AL.

TaBLE 1. Summary of herbarium specimens collected from Belizean localities (n = 24) by students
on the Edinburgh M.Sc. programme in Biodiversity and Taxonomy of Plants field course, ordered by
date of visit

Approximate
Month and year no. of collections” Collecting locality or localities

March 2001 110 Hill Bank Field Station, Las Cuevas Research Station,
Monkey Tail Branch

April 2002 290 Caracol, Guacamallo Bridge, Hill Bank Field Station, Las
Cuevas Research Station, Monkey Tail Branch

April 2003 220 Caracol, East Gate, Guacamallo Bridge, Hill Bank Field
Station, Las Cuevas Research Station, Monkey Tail Branch

February 2004 140 East Gate, Guacamallo Bridge, Hill Bank Field Station, Las
Cuevas Research Station, Tiger Creek

March 2005 50 Hill Bank Field Station, Indian Creek, Las Cuevas Research
Station

April 2006 100 Hill Bank Field Station, Las Cuevas Research Station,
Monkey Tail Branch, San Pastor

January 2007 100 Ben’s Bluff, Cockscomb Basin Wildlife Sanctuary Visitors’
Centre, Hill Bank Field Station, Outlier Peak, Tiger Fern

January 2008 130 Belize Botanic Garden, Big Rock Falls, Las Cuevas Research
Station, Privassion Creek

January 2009 80 Las Cuevas Research Station, Rosado’s Cabin

January 2010 100 Hill Bank Field Station

January 2011 60 Hill Bank Field Station

January 2012 40 Hill Bank Field Station, Monkey Bay

January 2013 90 Baldy Beacon, La Milpa, Little Vaqueros Creek

January 2014 40 Blancaneaux Lodge, La Milpa, Rosado’s Cabin

January 2015 <5 Belize Botanic Garden, Hill Bank Field Station

January 2016 <5 Las Cuevas Research Station

January 2017 210 Belize Foundation for Research and Environmental

Education Field Station, Bladen Nature Reserve, Hill Bank
Field Station
Total: > 1760

* To the nearest 10, except for January 2015 and January 2016.

course. An estimated 840 additional specimens (not including the Trevaskis collections;
see Table 4), representing about 400 species, have been collected by students during return
visits to Belize for M.Sc. thesis projects, bringing the number of species represented by the
collections to more than 850. This number represents at least a quarter (24.9%) of the
known flora of Belize (Balick et al., 2000).

The total number of species represented is undoubtedly higher, because approximately
660 specimens of the ¢.2540 collected during the course or return visits for M.Sc. thesis
projects (26%) remain determined only to genus or family. This number may appear high,
but it reflects the observation in other groups that large proportions of herbarium specimen
remain indeterminate in the absence of examination by a specialist (Goodwin et al., 2015).
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A specimen may be unavailable for identification during the time it takes for it to be
processed and progress from a field collection to a mounted herbarium specimen. In our
experience at the RBGE this takes about ten years, therefore most specimens collected in
2014 or later are still awaiting mounting. Very often, only duplicates of these specimens
at certain herbaria are being examined and identified by experts after distribution from
the RBGE.

Additionally, only recently have significant numbers of images of herbarium specimens
from the Neotropics become available online via the Field Museum (continuously
updated), JSTOR Global Plants (continuously updated) and Tropicos (Missouri Botanical
Garden, continuously updated). This highlights the need to get specimens seen by
specialists whether by distribution of duplicates or through digitisation of collections,
and for further effort to establish integrated systems that match specimen names between
duplicates held at different herbaria.

Students collected herbarium specimens from 24 Belizean localities during the field
course and from an additional seven localities during return visits to Belize for M.Sc. thesis
projects (Table 2). These collecting localities are in clusters across ten areas, including
protected areas, across the country (see Fig. 1).

The number of specimens collected from each locality during the field course has
reflected the number of visits to that locality: the most frequently visited localities have
yielded the greatest number of collections. Approximately 490 specimens were collected
during 12 visits to Hill Bank Field Station in the Rio Bravo Conservation and Management
Area, and 320 specimens were collected during nine visits to Las Cuevas Research Station
in the Chiquibul National Park (see Table 2 and Fig. 1).

These specimens contribute greatly to our knowledge of the flora of Belize, because they
consist of two types of collections. First are the large numbers of collections made during
single trips to under-collected locations and reserves, for example Cockscomb Basin
Wildlife Sanctuary (2007) and Indian Creek (2005). Second are collections made during
repeated visits over many years to a single locality. When revisiting localities, it became
increasingly difficult over time to find previously uncollected species (hence the low
collection numbers in 2015 and 2016). However, this practice did allow thorough floristic
inventories of these locations to be completed. Three reserves have been particularly well
collected: the Rio Bravo Conservation and Management Area, with 581 collections from
14 visits; the Chiquibul National Park, with 457 collections from nine visits; and the
Mountain Pine Ridge (including Guacamallo Bridge), with 353 collections from seven
visits (see Fig. 1).

NEw CoUNTRY RECORDS

We currently estimate that specimens of 15 species not recorded in the national checklist
(Balick et al., 2000) have been collected by students during the M.Sc. field course or return
visits to Belize for M.Sc. thesis projects (Table 3). Many of the specimens that represent
new records for Belize were collected from the three reserves visited repeatedly by field
course participants: the Chiquibul National Park (nine new records), the Mountain Pine



TABLE 2. Summary of herbarium specimens collected from Belizean localities by students on the Edinburgh M.Sc. programme in Biodiversity and Taxonomy

of Plants during the field course or return visits to Belize for M.Sc. thesis projects, ordered alphabetically by name of locality

Approximate total no. of
collections (plus number of
collections made for thesis

Latitude, Altitude  projects; relevant student name, Year(s) of field
Locality (area no. in Fig. 1)  Reserve and/or district longitude (m) year)a course
Baldy Beacon (6) Mountain Pine Ridge Forest Reserve, 17°00'00"'N, 1000 50 2013
Cayo 88°46'59"'W
Belize Botanic Garden (5) Cayo 17°05'46''N, 400 10 (+ 5; S. Sylvester, 2009) 2008, 2015
89°04'05"'W
Belize Foundation for Belize Foundation for Research and  16°33'10"'N, 50 50 2017
Research and Environmental Education 88°42'00""W
Environmental Education Biological Reserve, Toledo
Field Station (9)
Belmopan (4) Cayo 17°14'30"'N, 80 0 (+ 2; S. Sylvester, 2009) Not applicable
88°45'45""W
Ben’s Bluff (8) Cockscomb Basin Wildlife 16°46'30"'N, 100 20 2007
Sanctuary, Stann Creek 88°27'10"W
Big Rock Falls (6) Mountain Pine Ridge Forest Reserve, 17°02'00"'N, 400 30 (+ 5; S. Sylvester, 2009) 2008
Cayo 88°5825""W
Bladen Nature Reserve (9) Toledo 16°33'23"'N, 100 150 (+ 6; S. Sylvester, 2009) 2017
88°4327"W
Blancaneaux Lodge (6) Mountain Pine Ridge Forest Reserve, 17°02'00"'N, 400-600 20 (+ 5; S. Sylvester, 2009) 2014
Cayo 88°57'55""W
Caracol (7) Caracol Archaeological Site, Cayo 16°44’00"'N, 600 30 2002, 2003
88°59'00"'W
Cockscomb Basin Wildlife Cockscomb Basin Wildlife 16°46'51''N, 60 20 (+ 20; R. Akers, 2007) 2007
Sanctuary Visitors’ Sanctuary, Stann Creek 88°2729"W

Centre (8)
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TaBLE 2. (Continued)

Approximate total no. of
collections (plus number of
collections made for thesis

Latitude, Altitude  projects; relevant student name, Year(s) of field
Locality (area no. in Fig. 1)  Reserve and/or district longitude (m) yeaur)a course
Deep River Forest Reserve Toledo 16°32’00"'N, 40 0 (+ 37; S. Sylvester, 2009) Not applicable
North (9) 88°42'00"'W
East Gate (2) Rio Bravo Conservation and 17°31'00"'N, 20 20 2003, 2004
Management Area, Orange Walk 88°42'00""'W
Golden Stream (10) Golden Stream Corridor Preserve, 16°22'00"'N, 30 0 (+ 16; S. Sylvester, 2009) Not applicable
Toledo 88°47'30""'W
Guacamallo Bridge (6) Border of Mountain Pine Ridge 16°44'00"'N, 450 90 (+ 315; L. Urban, 2003) 2002, 2003, 2004
Forest Reserve and Chiquibul 88°59'00""W
National Park, Cayo
Hill Bank Field Station (2) Rio Bravo Conservation and 17°35'00""N, 20 490 2001, 2002, 2003,
Management Area, Orange Walk 88°42'00""W 2004, 2005, 2006,
2007, 2010, 2011,
2012, 2015, 2017
Indian Creek (3) Manatee Forest Reserve, Belize 17°12'54"'N, 25 20 2005
88°33'19""W
La Milpa (1) Rio Bravo Conservation and 17°45'00"'N, 160 50 2013, 2014
Management Area, Orange Walk 89°09'00""'W
Las Cuevas Research Chiquibul National Park, Cayo 16°44'35"'N, 550 320 (+ 320; S. Queenborough, 2001, 2002, 2003,
Station (7) 88°59'18"'W 2001) 2004, 2005, 2006,
2008, 2009, 2016
Little Vaqueros Creek (6) Mountain Pine Ridge Forest Reserve, 17°03'30"'N, 400 <5 2013
Cayo 88°58'05"'W
Monkey Bay (3) Belize 17°19'00"'N, 50 20 2012
88°33'55""W
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TaBLE 2. (Continued)

Approximate total no. of
collections (plus number of
collections made for thesis

Latitude, Altitude  projects; relevant student name, Year(s) of field
Locality (area no. in Fig. 1)  Reserve and/or district longitude (m) year)a course
Monkey Tail Branch (7) Chiquibul National Park, Cayo 17°00'00"'N, 500 130 2001, 2002, 2003,
88°46'59"'W 2006
North Line (6) Mountain Pine Ridge Forest Reserve, 17°10°00"'N, 600 0 (+ 9; S. Sylvester, 2009) Not applicable
Cayo 88°55'00""W
Outlier Peak (8) Cockscomb Basin Wildlife 16°46'34"'N, 600 20 2007
Sanctuary, Stann Creek 88°77'19"W
Pinol Sands (6) Mountain Pine Ridge Forest Reserve, 17°04’37''N, 400 0 (+ 6; S. Sylvester, 2009) Not applicable
Cayo 88°59'02"'W
Privassion Creek (6) Mountain Pine Ridge Forest Reserve, 17°02’05''N, 450 70 2008
Cayo 88°56'50""W
Rosado’s Cabin (6) Mountain Pine Ridge Forest Reserve, 17°01'55"'N, 400 70 2009, 2014
Cayo 88°57'30""W
San Ignacio (5) Cayo 17°09'38"'N, 90 0 (+ 2; S. Sylvester, 2009) Not applicable
89°04'10""W
San Pastor (7) Chiquibul National Park, Cayo 16°41'05'N, 700 20 (+ 90; J. Hicks, 2007) 2006
88°58'00"'W
Tiger Creek (2) Rio Bravo Conservation and 17°31'00"'N, 20 30 2004
Management Area, Orange Walk 88°42'00""W
Tiger Fern (8) Cockscomb Basin Wildlife 16°46'50"'N, 250 20 2007
Sanctuary, Stann Creek 88°26"29""'W
Victoria Peak (8) Cockscomb Basin Wildlife 16°48'43"'N, 1100 0 (+ 20; R. M. Akers, 2007) Not applicable
Sanctuary, Stann Creek 88°37'11"W

#To the nearest 10.
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TABLE 3. Species, previously not recorded as present in Belize by Balick et al. (2000), for which
specimens were collected from Belizean localities by students on the Edinburgh M.Sc. programme in
Biodiversity and Taxonomy of Plants during the field course or return visits to Belize for M.Sc. thesis

projects
Species Family Voucher(s) and collection locality
Blechnum appendiculatum  Blechnaceae A.D. Forrest 43, Monkey Tail Branch, Chiquibul
Willd. National Park, Cayo
Cuphea aristata Hemsl. Lythraceae J. Tosh 7, Las Cuevas Research Station,
Chiquibul National Park, Cayo
Gelsemium sempervirens Gelsemiaceae R.M. Akers 24.% Victoria Peak, Cockscomb Basin
(L.) J.St.-Hil. Wildlife Sanctuary, Stann Creek
Gyminda tonduzii Loes. Celastraceae A.L. Caldwell 5 and M.I. Livingstone 1, Las
Cuevas Research Station, Chiquibul National
Park, Cayo
Ipomoea aristolochiifolia Convolvulaceae D. Bell 1 and C.M. Brown 14, Las Cuevas
G.Don Research Station, Chiquibul National Park,
Cayo
Lobelia guatemalensis Campanulaceae R.M. Akers 29, Victoria Peak, Cockscomb Basin
(B.L.Rob. ex Donn. Sm.) Wildlife Sanctuary, Stann Creek
Wilbur
Marsdenia propinqua Apocynaceae C.M. Brown 20, Guacamallo Bridge, border of
Hemsl. Mountain Pine Ridge Forest Reserve and
Chiquibul National Park, Cayo
Matelea magnifolia (Pittier) Apocynaceae M.D. Binder 6, Monkey Tail Branch, Chiquibul
Woodson National Park, Cayo
Microgramma squamulosa  Polypodiaceae K. Vint 3, Hill Bank Field Station, Rio Bravo
(Kaulf.) de la Sota Conservation and Management Area, Orange
Walk
Nephrolepis pectinata Lomariopsidaceae  R.M. Akers 26," Victoria Peak, Cockscomb Basin
(Willd.) Schott Wildlife Sanctuary, Stann Creek
Pecluma pectinata (L.) Polypodiaceae A.D. Forrest 78, Monkey Tail Branch, Chiquibul
M.G.Price National Park, Cayo
Pinguicula sharpii Casper  Lentibulariaceae ~ D.T. Cayetano 1, Baldy Beacon, Mountain Pine
& K.Kondo Ridge Forest Reserve, Cayo
Robinsonella lindeniana Malvaceae M.D. Binder 4, Monkey Tail Branch, Chiquibul
(Turcz.) Rose & Baker National Park, Cayo
Selaginella flagellata Selaginellaceae R. Lewis 19, Belize Botanic Garden, Big Eddy,
Spring Cayo
Solandra maxima (Sessé & Solanaceae T.E. Scirkinen 5013, Las Cuevas Research

Moc.) P.S.Green

Station, Chiquibul National Park, Cayo

* Voucher specimen.

Ridge (two new records) and the Rio Bravo Conservation and Management Area (one new
record) (see Table 3). A notable example is a new genus record in 2013 (Pinguicula sharpii
Casper & K.Kondo) from Baldy Beacon, a peak of 1000 m in the Mountain Pine Ridge.
Baldy Beacon could be considered well collected (to our knowledge, there had been more



TABLE 4. M.Sc. thesis projects (in chronological order) by students who completed the Edinburgh M.Sc. programme in Biodiversity and Taxonomy of Plants, with related

journal articles and specimen collections

Thesis

Journal articles based on findings reported in thesis

Collection nos., date(s) and localities

Queenborough, Simon (2001). The floristics and
phytogeography of Central American tropical forests of
Belize. M.Sc. thesis, University of Edinburgh, ix + 113 pp.

Urban, Lilis (2003). The floristic survey of the Macal
River. M.Sc. thesis, University of Edinburgh, iv + 67 +
Xvi pp.

Hicks, Jeff (2007). Describing the plant diversity of Belizean
savannas: a floristic survey of San Pastor Savanna. M.Sc.
thesis, University of Edinburgh, x + 75 pp.

Akers, Ruth (2007). Checklist of the vascular plants of

the Cockscomb Basin Wildlife Sanctuary. M.Sc. thesis,
University of Edinburgh, 97 pp.

Renshaw, Olivia (2008). Are plant functional types based
on leaf, seed and growth traits a useful tool for
management and conservation purposes? M.Sc. thesis,
University of Edinburgh, 187 pp.

Sylvester, Steven P. (2009). Identification keys to the
grasses of Belize. M.Sc. thesis, University of
Edinburgh, 238 pp.

Oldroyd, Lizzie (2009). lllustrated user-friendly
identification key to the Cyperaceae of Belize. M.Sc.
thesis, University of Edinburgh, 160 pp.

Trevaskis, Alexander (2011). Extent to which soil
properties contribute to oak (Quercus oleoides Schlitdl.
& Cham.) distribution within the lowland savannas of
Belize. M.Sc. thesis, University of Edinburgh, 33 pp.

Not applicable

Urban, Lilis et al. (2006). The Macal River: a floristic
and phytosociological study of a threatened riverine
vegetation community in Belize. Edinburgh Journal
of Botany 63(1): 95-118.

Hicks, Jeff et al. (2011) A floristic description of the
San Pastor Savanna, Belize, Central America.
Edinburgh Journal of Botany 68(2): 273-296.

Not applicable

Not applicable

Sylvester, Steven P. (2016). An illustrated generic key
and updated list of the grasses (Poaceae) of Belize.
Edinburgh Journal of Botany T4(1): 33-75.

Not applicable

Not applicable

Queenborough SQ33-SQ350, June 2001, Las Cuevas
Research Station

Urban 16-430, 16 April to 13 May 2003, Guacamallo
Bridge

Hicks [sometimes with a JR prefix] 31-120*, May—
June 2007, San Pastor Savanna

Akers [sometimes with an RA prefix] 8-29, May
2007, Cockscomb Basin Wildlife Sanctuary
including Victoria Peak

Also collected with Z.A. Goodwin (691-743) as part of
Darwin Initiative Project 14-025: Developing
Integrated Assessment of Biodiversity in Secondary
Forest in Belize

Not applicable

Sylvester 8—102, July 2009, Belmopan, Deep River
Forest Reserve North, Bladen Nature Reserve,
Golden Stream, Big Rock Falls, Pinol Sands,
Blancaneaux Lodge, North Line, San Ignacio,
Belize Botanic Gardens.

Not applicable

Specimen data unknown
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than 200 collections at the summit by 16 botanists before 2013), yet this species appears
never to have been previously collected in Belize. It was previously known only from
Chiapas, Mexico, so recent colonisation cannot be ruled out; however, it is small and
ephemeral and was observed in a small population (< 10 m across) in a disturbed location at
a time of year (January) when collecting rates are low for the country (Goodwin ez al., 2013).

As mentioned earlier, large numbers of specimens remain incompletely determined;
more than 660 specimens remain unidentified or have been determined only to the level of
family or genus. It is likely that complete identification of the material collected by the
students will reveal additional new species records for the country.

PROJECTS AND PUBLICATIONS

Although contribution towards research is a secondary aim of the field course, information
obtained and specimens collected during the course has been used in floristic research
programmes and floral morphology studies. For example, since 2001 the M.Sc. field course
collections have been cited or used in studies (Bridgewater et al., 2002; Ronse De Craene,
2005; Bridgewater et al., 2006; Wanntorp & Ronse De Craene, 2009; Wanntorp et al.,
2011; Farrar & Ronse De Craene, 2013; Goodwin et al., 2013) and reports (Goodwin et al.,
2011a, 2011b) and have contributed towards a book on the natural history of the Chiquibul
Forest (A Natural History of Belize: Inside the Maya Forest; Bridgewater, 2012).

The final third of the M.Sc. programme in Biodiversity and Taxonomy of Plants is
dedicated to completion of a four-month thesis project. Eight M.Sc. students chose to
return to Belize for their project or based their project on specimens collected during the
M.Sc. field course in Belize (Table 4). Four thesis projects resulted in floristic inventories
of the Macal River (Urban, 2003), the Chiquibul Forest (Queenborough, 2001), the
disjunct San Pastor Savanna (Hicks, 2007) and the Cockscomb Basin Wildlife Sanctuary
(Akers, 2007). Two thesis projects produced taxonomic identification keys to the grass and
sedge genera of Belize (Sylvester, 2009, and Oldroyd, 2009, respectively). Two thesis
projects were carried out to tackle more ecological questions: a morphological study of the
seeds and leaves of plants in the Chiquibul Forest (Renshaw, 2008) and a study of the
impact of soil properties on the distribution of oak in the lowland savanna (Trevaskis,
2011). The findings of three of these thesis projects have been published as journal articles
(Urban et al., 2006; Hicks et al., 2011; Sylvester, 2016).

After completing the M.Sc. programme, a small number of former students returned to
Belize to conduct further research in single expeditions, such as the 2006 Upper Raspaculo
study (H. M. Baden, T. E. Sirkinen and H. Vandrot; findings published in Baden et al.,
2016), or as botanical support (R. Whittet and C. Rosique; see Graham et al., 2017). Others
have returned to carry out long-term research in Belize (G. L. Stott and Z. A. Goodwin; see,
for example, Maskell er al., 2009; Stuart ef al., 2012; Brewer & Stott, 2017).

LEssoNs LEARNED

The M.Sc. in Biodiversity and Taxonomy of Plants field course was held in Belize between
2001 and 2017, before it was moved to Colombia in 2018 due to staff turnover and for
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logistical reasons. Looking back, what lessons can be learned for the future from the
16 years of running this course in Belize, for the field course itself and for similar courses
that aim to combine postgraduate level education with high-quality herbarium specimen
collection?

First, provision of scholarships to students from the host country provides high-quality
capacity building, with students later able to contribute to the original field course or to
similar courses within the host country’s education system. In addition to collaboration
with local institutions, scholarships build goodwill and encourage the formation of long-
lasting relationships that can last beyond the lifetime of the field course and facilitate the
results and findings of scientific collaborations finding their way into policy discourse. The
impact of the capacity building and collaborations cannot be underestimated in a country
such as Belize, where the small population size means that it can be difficult to build a
critical mass of expertise in any one field.

Second, the timing of the field course can influence both students and specimens. During the
first five years, it shifted from February to late April, potentially increasing the range of fertile
plant material available for collection, because different species flower and fruit as the dry
season progresses. However, although the dry season can mean a rain-free field course, it also
guarantees increasing heat. From 2007 to 2017 the course was held in mid-January, a period
that we note to be under-represented in terms of specimen collection in Belize (Goodwin et al.,
2013). Furthermore, the climate at that time of the year is cooler and often damper, and
therefore easier for students travelling from northern Europe to cope with.

Constant discussion and dialogue with in-country partners regarding where to focus
future collecting and how to incorporate the work done and the specimens collected during
the field course into bigger projects make the course more sustainable and benefits all those
involved.

Collecting from a single location over multiple years can result in high-quality species
sampling if it is well organised to avoid collection of duplicate specimens of individual
species. Repeat visits can also allow course instructors otherwise unfamiliar with the local
flora to expand their knowledge, for example by learning local exceptions to the general
rules of tropical plant identification.

Flexibility in course design allows one or two days to be dedicated to thorough general
collecting (so-called ‘hay baling”) of a novel site, such as a hilltop or disjunct habitat patch,
when the opportunity arises. Students enjoy this team activity and understand its scientific
value, and it can provide further valuable herbarium collections.

Now that the RBGE M.Sc. in Biodiversity and Taxonomy of Plants field course has
switched to a new country, Colombia, what improvements are being made? First, from the
start, all herbarium specimen records are being entered into a purpose-built database
accessible via laptop computers taken on the course each year. We are using BrRauwms 7,
because it has a rapid data entry system accessible to students, holds data to Darwin Core
standard, and is easy to install on multiple laptop computers. This facilitates specimen data
management in the field and rapid production of labels after our return to Edinburgh from
the host country. It also allows instructors to keep track of the species collected in previous
years. Use of the database reinforces to students the value of digitally available data, which
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they are familiar with from classroom-based modules on collection-based taxonomy.
Furthermore, it links the diversity the students encounter in the field to herbarium
specimens and online resources such as digitised herbarium catalogues and data aggre-
gators. Using BRanMs 7 also allows us to easily exchange herbarium specimen data with
our Colombian collaborators.

Second, photographs of each year’s collections are being used to produce photographic
guides to help teachers and students in future years decide what to collect at sites visited
previously. Once the specimens recorded in the photographs have been identified by
experts, we expect that these photographic guides may be used to produce high-quality
field guides to the flora of the field stations and reserves visited.

Management of field course collections after our return from the host country can be
difficult. Specimen processing can be time-demanding and resource-intensive; in particu-
lar, the correct identification of specimens can take many years (Goodwin et al., 2015). We
have traditionally struggled with processing specimens collected during the field course,
because this is not a primary duty of the core-funded staff running the M.Sc. programme
and specialist staff hired specifically to assist with the course are not involved in post-
course activities, including identifications.

These problems are not unique to management of field course specimens (Baker et al.,
2017). However, as with the processing of any project-specific specimens, the use of post-
collection workflow protocols to prioritise specimens can ensure relatively rapid labelling
and mounting and distribution of duplicates. This enables timely access to the specimens
by experts and thus expedites identification. Additionally, we have found that entry of
specimen information data by students into a database immediately after collection, ideally
on the evening of the same day, prevents data loss and ensures high-quality data.

SUMMARY

The RBGE’s M.Sc. in Biodiversity and Taxonomy of Plants field course has contributed to
botanical capacity within Belize in four distinct ways. First, 26 Belizeans have been trained
in field identification and collection skills. Second, a large number of high-quality
herbarium specimens have been collected (including collections representing new country
records for an estimated 15 species), with duplicates held for reference by Belize-based
researchers in their national herbarium (BRH) and available digitally via the online
catalogue of the RBGE herbarium (E). Third, the course has generated valuable research
outputs, both directly (M.Sc. theses and related publications) and indirectly (publications
based on studies of specimens collected during the field course). Finally, it has provided
graduates of the course with fieldwork expertise and enabled them to produce research
outputs that they have been able to use during further research or careers in Belize.

This type of long-term collaboration is not encouraged by the short-term funding cycles
of three to five years typical today. However, it is clear from the outcomes described in this
paper that institutional commitment to a long-term relationship with a single country can
lead to individual career development, knowledge and scientific findings that will continue
to influence conservation and research in the host country for many years to come.



306 Z. A. GOODWIN ET AL.

ACKNOWLEDGEMENTS

The work for this paper by Z.A.G. was supported by the Edinburgh Botanic Garden
(Sibbald) Trust for project 2017#08, RBGE in Belize: Consolidating 16 Years of Collabo-
rative Research. G.L.S. was supported by a NERC doctoral training partnership grant.

Because botany is always a team game, this paper would not have been possible without
the hard work of botanists and staff of institutions around the world who have identified
material, produced monographic and flora accounts, and digitised specimens. The staff and
collections at BM, E and MO and the contributors to Flora Mesoamericana, the Flora of
Guatemala and Flora Neotropica deserve our particular gratitude. Additionally, all
partners in Belize who helped in the logistic management of the field course and facilitated
visits to the different localities are warmly thanked.

Finally, we are most grateful to Laurent Gautier and Marc Sosef for their insightful
comments while reviewing this manuscript.

Zoé Goodwin 0000-0003-2926-1645

Gail L. Stott 0000-0001-9902-7366

Louis Ronse De Craene 0000-0002-8333-4596
Elma Kay 0000-0001-7429-269X

Elspeth Haston 0000-0001-9144-2848

David J. Harris 0000-0002-6801-2484

REFERENCES

AKERS, R. (2007). Checklist of the vascular plants of the Cockscomb Basin Wildlife Sanctuary.
M.Sc. thesis, University of Edinburgh.

BADEN, H. M., SARKINEN, T., CoNDE, D. A, MATTHEWS, A. C.,, VANDROT, H,,
Cuicas,S,PENNIL,C.,BAYLY, W.D.R.,,CHANCE,R,BRIDGEWATER,S.G.M. &
Harri1s, D. J. (2016). A botanical inventory of forest on karstic limestone and metamorphic
substrate in the Chiquibul Forest, Belize, with focus on woody taxa. Edinburgh J. Bot. 73(1):
39-81.

BAxER,T. R, PENNINGTON, R. T.,, DEXTER, K. G.,, FINE, P. V. A,,
ForTUNE-HoOPKINS, H, HoNoRIO, E.N,, HuaAMANTUPA-CHUQUIMACO, L.,
KritcArDp, B.B.,, LEwis, G.P.,,pE Lima, H. C., AsutoN, P, BARALOTO, C,,
DaviEs, S., DoNoGHUE, M. J.,, KAYE, M., KrREss, W. J.,, LEumanN, C. E. R,,
MonNTEAGUDO, A, PHILLIPS, O. L. & VAasQuUEz, R. (2017). Maximising synergy
among tropical plant systematists, ecologists, and evolutionary biologists. Trends Ecol. Evol.
32(4): 258-267.

Barick,M.J,NEe, M. H . & ATHA, D. E. (2000). Checklist of the vascular plants of Belize:
with common names and uses. Mem. New York Bot. Gard. 85: 1-246.

BoEro, F. (2001). Light after dark: the partnership for enhancing expertise in taxonomy. Trends
Ecol. Evol. 16(5): 266.

BREWER,S. W. & StoTT, G. L. (2017). A new species of Cinnamomum (Lauraceae) from the
Bladen Nature Reserve, southern Belize. PhytoKeys 81: 1-10.

BRIDGEWATER, S. G. M. (2012). A Natural History of Belize: Inside the Maya Forest. Austin,
Texas: University of Texas Press.


https://orcid.org/0000-0003-2926-1645
https://orcid.org/0000-0001-9902-7366
https://orcid.org/0000-0002-8333-4596
https://orcid.org/0000-0001-7429-269X
https://orcid.org/0000-0001-9144-2848
https://orcid.org/0000-0002-6801-2484

BELIZE AND THE RBGE 307

BRIDGEWATER,S. G. M,,IBANEZ, A, RATTER,J. & FURLEY, P. A. (2002). Vegetation
classification and floristics of the savannas and associated wetlands of the Rio Bravo Conservation
and Management Area, Belize. Edinburgh J. Bot. 59(3): 421-442.

BRIDGEWATER, S. G. M., HarRr1s, D.J, WHITEFOORD, C., MoNRO, A. K., PENN,
M. G, SutrTtonN,D. A, SAYER,B.,, Apams, B, BarLick, M. J, Ataa, D. H,
SoromoN, J. & HoLsT, B. K. (2006). A preliminary checklist of the vascular plants
of the Chiquibul Forest, Belize. Edinburgh J. Bot. 63(2 and 3): 269-321.

DaAvIiDSE,G.,SousAa SANCHEZ, M., CHIANG CABRERA,F. & Knarp, S. D. (1994-).
Flora Mesoamericana. St Louis, Missouri: Missouri Botanical Garden Press.

DE CArRvaLHO, M. R, BockmanNN, F. A, AmMorIM, D. S., pE Vivo, M,,

DE ToLEDO-P1zA,M.,, MENEZES,N. A,,DE FiGuEIREDO,J.L,,CAaAsTRO,R. M. C,,
GiLL,A.C,McEacHrAN,].D.,,ComraGgNO,L.J. V.,ScHELLY,R.C.,,BriTZ,R,,
LuNDBERG, J. G, VARI, R. P. & NELSoN, G. J. (2005). Revisiting the taxonomic
impediment. Science 307(5708): 353.

DE CArRVALHO, M. R.,, BockMmaNN, F. A, AMorIM, D. S.,, BRaANDAO, C.R. F,,

DE Vivo, M, DE FicueirEDO, J. L, Br1iTskI, H. A.,, DE PinnA, M. C. C,,
MENEZES, N. A.,, MArRQUES,F. P. L, PapavEro, N,, CANCELLO, E. M.,
Criscri,J. V,McEacHurAN,]J.D,ScHELLY,R.C,, LUNDBERG,J. G, GILL, A. C,,
BriTz, R, WHEELER, Q. D.,, StiassNny, M. L. J,, PArRENTI, L. R, PAGE, L. M.,
WHEELER, W.C,, FaivovicH, J, Vari, R.P.,, GRaANDE, L., HumpPHRIES, C. ],
DeSALLE,R,EBACcH,M.C. &NELsoN, G. (2007). Taxonomic impediment or impediment
to taxonomy? A commentary on systematics and the cybertaxonomic-automation paradigm. Evol.
Biol. 34: 140-143.

DE CArRvaLHO,M.R.,,BockMmaNN,F. A, AMorIM,D.S. &BraNDAO, C.R.F. (2008).
Systematics must embrace comparative biology and evolution, not speed and automation. Evol.
Biol. 35: 150-157.

FArRrRAR,J. & RoNsE DE CRAENE, L. (2013). To be or not to be a staminode: the floral
development of Sauvagesia (Ochnaceae) reveals different origins of presumed staminodes. In:
BERNTSEN,T. & ALsvik, K. (eds) Flowers, Morphology, Evolutionary Diversification and
Implications for the Environment, pp. 89-103. New York: Nova Science Publishers.

FieLp MusteEuM (continuously updated). Botanical Collections — The Field Museum. Online.
Available: https://collections-botany.fieldmuseum.org/

GENTRY, A. H. (1993). A Field Guide to the Families and Genera of Woody Plants of Northwest
South America (Colombia, Ecuador, Peru) With Supplementary Notes on Herbaceous Taxa.
Chicago, Illinois: University of Chicago Press.

GooDWIN,Z, BRIDGEWATER, S. & LoprEz, G. (2011a). Darwin Initiative Project 17-022 —
Conservation of the Lowland Savannas of Belize — The Status of Eriocaulaceae in Belize. Online.
Available: http://www.eeo.ed.ac.uk/sea-belize/outputs/progress_reports/Eriocaulaceae_Report_
Oct_2011.pdf

GoobpwiIN,Z. A.,LoPEz,G.N. & MicHELAKIS, D. (2011b). Darwin Initiative Project 17-
022 — Conservation of the Lowland Savannas of Belize — Botanical Inventory of the Lowland
Savanna of Belize: Checklist of the Lowland Savanna of the Rio Bravo Conservation and
Management Area. Edinburgh: Royal Botanic Garden Edinburgh. Online. Available: https://
www.eeo.ed.ac.uk/sea-belize/outputs/progress_reports/rbcma.pdf

GooDpWIN, Z. A, HArRRIS,D. J,, BRIDGEWATER, S. G. M., LorEz, G. N, HAsTON,
E. M., CAMERON, . D.,, MicHELAKIS, D.,, RATTER, J. A,, FURLEY, P. A, KAY, E,,
WHITEFOORD,C.,,SoLomMoON,J,LLoYyDp,A.J.&STUuAaRT, N. (2013). A checklist of the
vascular plants of the lowland savannas and associated wetlands of Belize, Central America.
Phytotaxa 101(1): 1-119.


https://collections-botany.fieldmuseum.org/
http://www.eeo.ed.ac.uk/sea-belize/outputs/progress_reports/Eriocaulaceae_Report_Oct_2011.pdf
http://www.eeo.ed.ac.uk/sea-belize/outputs/progress_reports/Eriocaulaceae_Report_Oct_2011.pdf
https://www.eeo.ed.ac.uk/sea-belize/outputs/progress_reports/rbcma.pdf
https://www.eeo.ed.ac.uk/sea-belize/outputs/progress_reports/rbcma.pdf

308 Z. A. GOODWIN ET AL.

GoobpwIN,Z. A, HArRRIS,D.J,,FILER,D., WooD,J.R. 1. & ScoTtLaND, R. W. (2015).
Widespread mistaken identity in tropical plant collections. Curr. Biol. 25(22): R1066-R1067.

GraHAM, E, MacrPrHAIL, R, TURNER, S.,, CROWTHER, J.,, STEGEMANN, J.,
ARROYO-KALIN, M, DuNncaN, L., WHITTET, R., RosiQuE, C. & AUsTIN, P.
(2017). The Marco Gonzalez Maya site, Ambergris Caye, Belize: assessing the impact of human
activities by examining diachronic processes at the local scale. Quatern. Int. 437(part B): 115-142.

Harris,D.J, BRIDGEWATER, S. G. M. & MouTsaMBOTE, J.-M. (2015). Training in
tropical plant identification. In: WaTsoN, M. F., LyaL, C. H. C. & PENDRY, C. A. (eds)
Descriptive Taxonomy: The Foundation of Biodiversity Research, vol. 84, pp. 160-170.
Cambridge: Cambridge University Press.

Hicxks, J. (2007). Describing the plant diversity of Belizean savannas: a floristic survey of San
Pastor Savanna. M.Sc. thesis, University of Edinburgh.

Hicks,J,GoopwIN,Z. A, BRIDGEWATER,S.G. M., HArRrRIS,D.J. & FURLEY, P. A.
(2011). A floristic description of the San Pastor Savanna, Belize, Central America. Edinburgh J.
Bot. 68(2): 273-296.

IwamoTro,A. & RonNnseE DE CRAENE, L. (2014). Report of the field trip course of the Royal
Botanic Garden Edinburgh in Belize in comparison with the course organized by Tokyo Gakugei
University. Bull. Tokyo Gakugei Univ. Div. Nat. Sci. 66: 45-51.

JSTOR GrosaL PLANTs (continuously updated). Electronic database. Online. Available:
https://plants.jstor.org/

Kavy, E. (2012). Activity Report — “Conservation of the lowland savanna ecosystem in Belize”
project — April 2009—-March 2010. Online. Available: https://www.eeo.ed.ac.uk/sea-belize/
outputs/progress_reports/SEA_Belize_Year1Report_UB.pdf

MaskeLL,L.,,CuaN,Il,GARrRcCIA,E.,GooDWIN,Z.,LLOYD,A, MORA,N.,SMART,S,,
STUART,R. & WALKER, P. (2009). Technical report for Defra project ‘Developing Integrated
Assessment of Biodiversity in Belize’. Online. Available: http://nora.nerc.ac.uk/id/eprint/8785/3/
MaskelINO08785CR.pdf

Missourl BotanicaL GARDEN (continuously updated). Tropicos.org. Online. Available:
https://www.tropicos.org

MYERS, N.,, MITTERMEIER, R. A, MiTTERMEIER, C. G., DA FonsEca, G. A.B. &
KENT, J. (2000). Biodiversity hotspots for conservation priorities. Nature 403: 853-858.

OLDROYD, L. (2009). lllustrated user-friendly identification key to the Cyperaceae of Belize. M.Sc.
thesis, University of Edinburgh.

Paton, A.J, BRumMITT, N. A, GOVAERTS, R, HARMAN, K., HINCHCLIFFE, S.,
ALLKIN,B. &Nic LugHADHA, E. M. (2008). Towards Target 1 of the Global Strategy for
Plant Conservation: a working list of all known plant species — progress and prospects. Taxon
57(2): 602-611.

QUEENBOROUGH, S. (2001). The floristics and phytogeography of Central American tropical
forests of Belize. M.Sc. thesis, University of Edinburgh.

RENsHAW, O. (2008). Are plant functional types based on leaf, seed and growth traits a useful tool
for management and conservation purposes? M.Sc. thesis, University of Edinburgh.

Ronse DE CrRAENE, L. (2005). Floral developmental evidence for the systematic position of
Batis L. (Bataceae). Amer. J. Bot. 92(4): 752-760.

SECRETARIAT OF THE CONVENTION ON BroLoGgicaL DivERrRsiTY (2010). What is
the problem? The taxonomic impediment. Online. Available: http://www.cbd.int/gti/problem.
shtml (retrieved May 2012).

STANDLEY,P.C,, STEYERMARK,J. A. & COLLABORATORS (1946-1977). Flora of
Guatemala. Fieldiana, Bot. 24(1-13).


https://plants.jstor.org/
https://www.eeo.ed.ac.uk/sea-belize/outputs/progress_reports/SEA_Belize_Year1Report_UB.pdf
https://www.eeo.ed.ac.uk/sea-belize/outputs/progress_reports/SEA_Belize_Year1Report_UB.pdf
http://nora.nerc.ac.uk/id/eprint/8785/3/MaskellN008785CR.pdf
http://nora.nerc.ac.uk/id/eprint/8785/3/MaskellN008785CR.pdf
https://www.tropicos.org
http://www.cbd.int/gti/problem.shtml
http://www.cbd.int/gti/problem.shtml

BELIZE AND THE RBGE 309

STUART,N.,GoobDWIN,Z.A,KAY,E,LoPEZ,G.N.&TEUL, M. (2012). Darwin Initiative
— Final report. 17-022. Conservation of the Lowland Savanna Ecosystem in Belize. Online.
Available: https://www.eeo.ed.ac.uk/sea-belize/outputs/progress_reports/17022final.pdf

SYLVESTER, S. P. (2009). Identification keys to the grasses of Belize. M.Sc. thesis, University of
Edinburgh.

SYLVESTER, S. P. (2016). An illustrated generic key and updated list of the grasses (Poaceae) of
Belize. Edinburgh J. Bot. 74(1): 33-75.

TREvVAsSKIS, A. (2011). Extent to which soil properties contribute to oak (Quercus oleoides
Schitdl. & Cham.) distribution within the lowland savannas of Belize. M.Sc. thesis, University of
Edinburgh.

Urroa UrLroa,C, AcevEpo-RoDRiIGUEZ, P, BECcK, S.,, BELGRANO, M. ],
BErNAL, R, BERRY,P. E,Brako, L., CELIS, M., DAVIDSE, G.,, Forzza,R. C,
GRADSTEIN, S. R, HokcHE, O.,, LEON, B,, LEON-YANEZ, S., MAaGILL, R. E,,
NEeiLL,D.A,NEg,M,,RAVEN,P.H.,STiIMMEL,H.,,STRONG,M.T.,, VILLASENOR,J.
L.,ZaruccHI,J.L,ZuroAaGA,F. O. & JorRGENSEN, P. M. (2017). An integrated
assessment of the vascular plant species of the Americas. Science 358(6370): 1614—-1617.

URrBAN, L. (2003). The floristic survey of the Macal River. M.Sc. thesis, University of Edinburgh.

UrBAN,L,BRIDGEWATER, S. G. M. & HarR1s, D. J. (2006). The Macal River: a floristic
and phytosociological study of a threatened riverine vegetation community in Belize. Edinburgh J.
Bot. 63(1): 95-118.

WANNTORP,L.&RoNsE DE CRAENE, L. (2009). Perianth evolution in the sandalwood order
Santalales. Amer. J. Bot. 96(7): 1361-1371.

WaNNTORP, L., PugList, C., PENNEYS, D. S. & Ronse DE CrRAENE, L. (2011).
Multiplications of floral organs in flowers: a case study in Conostegia (Melastomataceae,
Myrtales). In: WANNTORP,L. & RoNsSE DE CRAENE, L. (eds) Flowers on the Tree of Life,
pp- 218-235. Cambridge: Cambridge University Press.

ZANONI, T. (1967-). Flora Neotropica. New York: New York Botanical Garden.

Received 1 November 2018; accepted for publication 6 January 2020; first published
online 18 March 2020


https://www.eeo.ed.ac.uk/sea-belize/outputs/progress_reports/17022final.pdf

	BELIZE AND THE RBGE: REFLECTING ON 16&thinsp;YEARS OF COLLABORATIVE TRAINING
	Introduction
	Belize
	The RBGE's M.Sc. in Biodiversity and Taxonomy of Plants Field Course
	Capacity Building
	Collections
	New Country Records
	Projects and Publications
	Lessons Learned
	Summary
	Acknowledgements
	References


