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Abstract 

 

The purpose of this study was to re-examine the morphological characters of native New 

Zealand Lobelioideae, and to use those characters, in concert with existing genetic data, 

to help inform a global effort at constructing a more natural classification of all 

Lobelioideae. 

 The history of Lobelioid discovery and classification is presented, with a focus on 

the New Zealand taxa and the historic concept of delimitation of genera within the 

subfamily.  The problems with the most recent taxonomic arrangements of the New 

Zealand species is discussed in light of field identification problems and new genetic 

data. 

 Plants of almost all New Zealand species were located and observed both in the 

field and in cultivation.  A factorial experiment testing the range of morphological 

plasticity for several of the species under different water and light conditions was 

conducted and results confirmed historical reports of increased morphological similarity 

between some species under certain conditions.  Floral and fruit characteristics of all 

available species were microscopically examined for fine scale morphological differences 

to confirm historical reports and resolve disputes about true character states. 

 A pollination experiment was conducted in an attempt to establish the degree of 

genetic difference between the species.  Limited results were obtained as the experiment 

was compromised by a confluence of factors.  However, two putative hybrids between 

Lobelia fatiscens and Lobelia ionantha have been successfully generated and maintained 

in cultivation. 

 In conclusion, temporary transfer of all New Zealand species to the genus Lobelia 

is supported and key information gaps are identified that must be filled for future 

investigators to move forward in delimiting new genera within the sub-Family.  The 

difference between fleshy and capsular fruits within this species group is discussed and 

the character state is clarified for all species.  Finally it is suggested that certain clades 

within the new molecular phylogeny may be appropriately treated as genera pending the 

outcomes of additional suggested investigations. 

 



 iii 

Acknowledgements 

 

The completion of this project would not have been possible without the assistance and 

support I received from a great number of people.  I would like to thank them. 

 

My wife Deborah Friberg, who kept me functioning throughout the course of the project, 

and my son Judah who convinced me to finish. 

 

My parents Maggie and Steven who have provided lifelong assistance. 

 

My supervisor Dr. Janice Lord for keeping faith in my efforts over all the many years. 

 

Other academic staff that assisted me throughout the course of my studies, David 

Orlovich, Alan Mark, the late Peter Bannister, Paul Guy, J Bastow Wilson, Kevin Gould, 

Jennifer Bannister, Alison Knight, and David Lyttle. 

 

Technical staff at the Botany Department that kept all the equipment working and tidied 

up after us students, Vickey Tomlinson, Stewart Bell, the late Rob Daly, and Janet 

Dewdney. 

 

Others who assisted greatly, The University of Otago for funding my first year of study 

through a scholarship, Peter Johnson for helping me to navigate the history of these 

species, the staff at the Dunedin Botanic Gardens, John Barkla, Mike Thorsen, David 

Glenny, Phil Knightbridge for providing additional plant material. 

 

My numerous field assistants, Brendan Wong, Andy McKirdy, Lex Davis, Justin Teare, 

Stefan Porter, Andrew Porter, Jamie Bennett, Matt Eddy 

 

Annika Korsten for providing German translations 

 



 iv 

The Otago University Library staff giving me a job so I could finally learn how to use the 

library properly. 

 

The Botanical Society of New Zealand 

 

The Botanical Society of Otago 

 

The members of the Botanical Appreciation Club (Dunedin), for their assistance with 

brainstorming and sample destruction. 

 

Heritage Expeditions for the ride down to the Sub-Antarctic Islands. 

 

There were also many other friends and colleagues who contributed in some way to the 

completion of this project.  I do not have time to name you all, but you know who you 

are.  Thanks heaps. 

 



 v 

Table of Contents 
 
Abstract .............................................................................................................................. ii 
 
Acknowledgements ........................................................................................................... iii 
 
Table of Contents ................................................................................................................ v 
 
List of Figures .................................................................................................................. viii 
 
List of Tables ...................................................................................................................... xi 
 
List of Plates ...................................................................................................................... xii 
 
 
Chapter 1 – Introduction and Taxonomic History .............................................................. 1 

 
1.1 The subfamily Lobelioideae ...................................................................................... 1 
 
1.2 Historical taxonomic treatments ............................................................................... 4 

Earliest concepts of Lobelia (1611-1769) ................................................................... 4 
The time of Captain Cook (1769-1790) ...................................................................... 5 
Emerging concept of plant families (1790-1815) ....................................................... 6 
New genera and the ‘Natural System’ (1815-1840).................................................... 8 
Joseph Dalton Hooker and early colonialism (1840-1900) ....................................... 16 
The Contributions of Thomas Frederick Cheeseman (1900-1930) ........................... 26 
The contributions of F E Wimmer (1930-1950) ....................................................... 28 
The contributions of Harry Howard Allan (1950-1960) ........................................... 38 
Jen A McComb and Lucy B Moore (1960-1980) ..................................................... 41 
Peter N Johnson and Anthony P Druce (1980-1993) ................................................ 46 
Modern Taxonomy (1993-2005) ............................................................................... 49 

 
1.3 Former and current taxonomic treatments of New Zealand species ....................... 52 
 
1.4 Identification problems in New Zealand ................................................................. 59 
 
1.5 Aims of this study ................................................................................................... 62 

 
 
Chapter 2 – Vegetative Plasticity ...................................................................................... 63 

 
2.1 Introduction ............................................................................................................. 63 

Overview ................................................................................................................... 63 
Plasticity in the field .................................................................................................. 63 
Vegetative characters and plasticity .......................................................................... 64 



 vi 

2.2 Plasticity Experiment .............................................................................................. 65 
Methods ..................................................................................................................... 65 
Results ....................................................................................................................... 71 
Discussion ............................................................................................................... 104 

 
 
Chapter 3 – Morphology and Biogeography of the New Zealand Species ..................... 114 

 
3.1 Introduction ........................................................................................................... 114 
 
3.2 Methods ................................................................................................................. 115 
 
3.3 Results ................................................................................................................... 120 

Lobelia anceps......................................................................................................... 120 
Lobelia (syn. Colensoa) physaloides ...................................................................... 122 
Lobelia roughii ........................................................................................................ 124 
Lobelia carens (syn. Hypsela rivalis) ..................................................................... 126 
Lobelia ionantha (syn. Hypsela rivalis) .................................................................. 128 
Lobelia fatiscens (formerly Isotoma fluviatilis) ...................................................... 137 
Lobelia fugax (syn. Hypsela ‘Burgoo’) ................................................................... 146 
Lobelia macrodon (syn. Pratia macrodon) ............................................................. 152 
Lobelia linnaeoides ................................................................................................. 179 
Lobelia perpusilla (syn. Pratia perpusilla) ............................................................. 188 
Lobelia angulata (syn. Pratia angulata) ................................................................. 199 
Lobelia arenaria (syn. Pratia arenaria) ................................................................. 211 

 
3.4 Floral morphometrics ............................................................................................ 219 

Methods ................................................................................................................... 219 
Results ..................................................................................................................... 220 
Discussion ............................................................................................................... 221 

 
 
Chapter 4 – Pollination Experiment ................................................................................ 223 

 
4.1 Introduction ........................................................................................................... 223 
 
4.2 Methods ................................................................................................................. 227 
 
4.3 Results ................................................................................................................... 230 
 
4.4 Discussion ............................................................................................................. 233 

 
 
 
 
Chapter 5 – Conclusions ................................................................................................. 242 



 vii 

 
5.1 Historical Issues .................................................................................................... 242 

Use of single character taxonomy ........................................................................... 242 
The nature of Lobelioid fruits and their use as a phylogenetically informative 
character .................................................................................................................. 251 
Sexual Syndromes ................................................................................................... 252 
Lobelia ionantha (syn. Hypsela rivalis) and Lobelia fatiscens (formerly Isotoma 
fluviatilis) ................................................................................................................ 254 
Lobelia macrodon and Lobelia roughii ................................................................... 256 
Anther ornamentation .............................................................................................. 260 

 
5.2 How to identify the New Zelaland species ............................................................ 262 

How to identify without flowers ............................................................................. 263 
 
5.3 Questions raised by this study ............................................................................... 265 

Lobelia ionantha ..................................................................................................... 266 
Lobelia carens ......................................................................................................... 267 
Lobelia fatiscens ...................................................................................................... 269 
Lobelia fugax ........................................................................................................... 270 
Lobelia roughii ........................................................................................................ 271 
Lobelia macrodon ................................................................................................... 272 
Lobelia glaberrima .................................................................................................. 274 
Lobelia linnaeoides ................................................................................................. 276 
Lobelia perpusilla ................................................................................................... 276 
Lobelia angulata ..................................................................................................... 279 
Lobelia arenaria ...................................................................................................... 281 

 
5.4 Future work ........................................................................................................... 283 
 
5.5 Conclusions ........................................................................................................... 286 

 
 
References ....................................................................................................................... 288 
 
Appendix 1 – Glossary .................................................................................................... 301 
 
Appendix 2 and 3 – Latin Translations and Raw Data ................................................... 301 

 



 viii 

List of Figures 
Figure 1.1 – Examples of New Zealand Lobelioid flowers, (a) calyx, (b) ventral corolla 
lobes, (c) fused anther column, (d) dorsal corolla lobes, (e) pollen presentation awns, (f) 
receptive stigma................................................................................................................... 3 
Figure 1.2 – cpDNA phylogenetic tree of Australasian Lobelioids (data from EB Knox)57 
Figure 1.3 – Comparison of (a,b,c) Lobelia fatiscens (formerly Isotoma fluviatilis) and (d) 
Lobelia fugax (syn. Hypsela ‘Burgoo’) (scale = 1mm) ..................................................... 61 
Figure 2.1.1 – Treatment blocks set up in the Botany Department Experimental 
Glasshouse ......................................................................................................................... 67 
Figure 2.1.2 – Experimental treatments receiving different light levels due to varying 
thicknesses of shadecloth .................................................................................................. 68 
Figure 2.2.2 – Mean leaf area in Lobelia ionantha at different water levels, letters indicate 
results of Bonferoni comparison of means ........................................................................ 72 
Figure 2.2.3 – Mean leaf area in Lobelia ionantha at different light levels, letters indicate 
results of Bonferoni comparison of means ........................................................................ 73 
Figure 2.2.4 – Mean leaf area in Lobelia ionantha across all treatments, letters indicate 
results of Bonferoni comparison of means ........................................................................ 73 
Figure 2.2.6 – Mean leaf length:width ratio in Lobelia ionantha at different water levels, 
letters indicate results of Bonferoni comparison of means ............................................... 75 
Figure 2.2.7 – Mean leaf length:width ratio in Lobelia ionantha at different light levels, 
letters indicate results of Bonferoni comparison of means ............................................... 76 
Figure 2.2.9 – Mean number of growing tips in Lobelia ionantha at different water levels, 
letters indicate results of Bonferoni comparison of means ............................................... 77 
Figure 2.2.10 – Mean number of growing tips in Lobelia ionantha at different light 
levels, letters indicate results of Bonferoni comparison of means .................................... 77 
Figure 2.2.12 – Mean number of leaves in Lobelia ionantha at different water levels, ... 78 
letters indicate results of Bonferoni comparison of means ............................................... 78 
Figure 2.2.13 – Changes in leaf area for Lobelia fatiscens ............................................... 80 
Figure 2.2.14 – Mean leaf area in Lobelia fatiscens at different light levels, letters 
indicate results of Bonferoni comparison of means .......................................................... 80 
Figure 2.2.15 – Mean leaf area in Lobelia fatiscens at different water levels, letters 
indicate results of Bonferoni comparison of means .......................................................... 81 
Figure 2.2.16 – Changes in leaf length:width ratio for Lobelia fatiscens ......................... 81 
Figure 2.2.17 – Mean leaf length:width ratio in Lobelia fatiscens at different water levels, 
letters indicate results of Bonferoni comparison of means ............................................... 82 
Figure 2.2.18 – Mean leaf length:width ratio in Lobelia fatiscens across all treatments, 
letters indicate results of Bonferoni comparison of means ............................................... 82 
Figure 2.2.19 – Changes in number of growing tips for Lobelia fatiscens ....................... 84 
Figure 2.2.20 – Mean number of growing tips in Lobelia fatiscens at different light levels, 
letters indicate results of Bonferoni comparison of means ............................................... 84 
Figure 2.2.21 – Mean maximum internode length in Lobelia fatiscens at different light 
levels, letters indicate results of Bonferoni comparison of means .................................... 85 
Figure 2.2.22 – Mean maximum internode length in Lobelia fatiscens at different water 
levels, letters indicate results of Bonferoni comparison of means .................................... 85 
Figure 2.2.23 – Changes in number of growing tips for Lobelia macrodon ..................... 87 



 ix 

Figure 2.2.24 – Mean number of growing tips in Lobelia macrodon at different light 
levels, letters indicate results of Bonferoni comparison of means .................................... 87 
Figure 2.2.25 – Mean maximum internode length in Lobelia macrodon at different light 
levels, letters indicate results of Bonferoni comparison of means .................................... 88 
Figure 2.2.26 – Mean maximum internode length in Lobelia macrodon at different water 
levels, letters indicate results of Bonferoni comparison of means .................................... 88 
Figure 2.2.27 – Changes in leaf area for Lobelia glaberrima ........................................... 90 
Figure 2.2.28 – Mean leaf area in Lobelia glaberrima at different light levels, letters 
indicate results of Bonferoni comparison of means .......................................................... 90 
Figure 2.2.29 – Mean leaf area in Lobelia glaberrima at different water levels, letters 
indicate results of Bonferoni comparison of means .......................................................... 91 
Figure 2.2.30 – Changes in number of growing tips for Lobelia glaberrima ................... 91 
Figure 2.2.31 – Mean number of growing tips in Lobelia glaberrima at different light 
levels, letters indicate results of Bonferoni comparison of means .................................... 92 
Figure 2.2.32 – Mean number of growing tips in Lobelia glaberrima at different water 
levels, letters indicate results of Bonferoni comparison of means .................................... 92 
Figure 2.2.33 – Mean number of growing tips in Lobelia glaberrima across all 
treatments, letters indicate results of Bonferoni comparison of means............................. 94 
Figure 2.2.34 – Changes in number of leaves for Lobelia glaberrima ............................. 94 
Figure 2.2.35 – Mean number of leaves in Lobelia glaberrima at different light levels, 
letters indicate results of Bonferoni comparison of means ............................................... 95 
Figure 2.2.36 – Mean number of leaves in Lobelia glaberrima at different water levels, 
letters indicate results of Bonferoni comparison of means ............................................... 95 
Figure 2.2.37 – Mean number of leaves in Lobelia glaberrima across all treatments, 
letters indicate results of Bonferoni comparison of means ............................................... 96 
Figure 2.2.38 – Mean maximum internode length in Lobelia glaberrima at different water 
levels, letters indicate results of Bonferoni comparison of means .................................... 96 
Figure 2.2.39 – Changes in leaf area for Lobelia perpusilla ............................................. 98 
Figure 2.2.40 – Mean leaf area in Lobelia perpusilla at different water levels, letters 
indicate results of Bonferoni comparison of means .......................................................... 98 
Figure 2.2.41 – Changes in leaf length:width ratio for Lobelia perpusilla ....................... 99 
Figure 2.2.42 – Mean leaf length:width ratio in Lobelia perpusilla at different light levels, 
letters indicate results of Bonferoni comparison of means ............................................... 99 
Figure 2.2.43 – Mean leaf length:width ratio in Lobelia perpusilla at different water 
levels, letters indicate results of Bonferoni comparison of means .................................. 100 
Figure 2.2.44 – Mean leaf length:width ratio in Lobelia perpusilla across all treatments, 
letters indicate results of Bonferoni comparison of means ............................................. 100 
Figure 2.2.45 – Changes in number of growing tips for Lobelia perpusilla ................... 102 
Figure 2.2.46 – Mean number of growing tips in Lobelia perpusilla at different water 
levels, letters indicate results of Bonferoni comparison of means .................................. 102 
Figure 2.2.47 – Changes in number of leaves for Lobelia perpusilla ............................. 103 
Figure 2.2.48 – Mean number of leaves in Lobelia perpusilla at different water levels, 
letters indicate results of Bonferoni comparison of means ............................................. 103 
Figure 3.3.1 – Distribution of Lobelia anceps throughout New Zealand ....................... 121 
Figure 3.3.2 – Distribution of Lobelia physaloides throughout New Zealand ................ 123 
Figure 3.3.3 – Distribution of Lobelia roughii throughout New Zealand ....................... 124 



 x 

Figure 3.3.4 – Distribution of Lobelia carens throughout New Zealand ........................ 126 
Figure 3.3.5 – Line drawing of Lobelia ionantha ........................................................... 132 
Figure 3.3.6 – Distribution of Lobelia ionantha throughout New Zealand .................... 133 
Figure 3.3.7 – Line drawing of Lobelia fatiscens ........................................................... 143 
Figure 3.3.8 – Distribution of Lobelia fatiscens throughout New Zealand .................... 144 
Figure 3.3.9 – Line drawing of Lobelia fugax................................................................. 149 
Figure 3.3.10 – Distribution of Lobelia fugax throughout New Zealand ........................ 150 
Figure 3.3.12 – Distribution of Lobelia macrodon throughout New Zealand ................ 161 
Figure 3.3.13 – Comparison of flowers and leaves of accessions of Lobelia macrodon and 
possibly  Lobelia glaberrima from (a) Mount Hutt, (b) Gem Lake, (c) Sealy Tarns, and 
(d) Avalanche-Rolleston Ridge (scale = 1cm) ................................................................ 163 
Figure 3.3.14 – Line drawing of Lobelia macrodon? ...................................................... 169 
Figure 3.3.14 – Line drawing of Lobelia macrodon? ...................................................... 169 
Figure 3.3.15 – Line drawing of Lobelia glaberrima ..................................................... 175 
Figure 3.3.16 – Distribution of Lobelia glaberrima throughout New Zealand .............. 177 
Figure 3.3.17 – Line drawing of Lobelia linnaeoides ..................................................... 185 
Figure 3.3.18 – Distribution of Lobelia linnaeoides throughout New Zealand .............. 186 
Figure 3.3.19 – Line drawing of Lobelia perpusilla ....................................................... 195 
Figure 3.3.20 – Distribution of Lobelia perpusilla throughout New Zealand ................ 196 
Figure 3.3.21 – Line drawing of Lobelia angulata leaves .............................................. 206 
Figure 3.3.22 – Line drawing of Lobelia angulata floral parts ....................................... 207 
Figure 3.3.23 – Distribution of Lobelia angulata throughout New Zealand .................. 208 
Figure 3.3.24 – Line drawing of Lobelia arenaria leaves .............................................. 215 
Figure 3.3.25 – Line drawing of Lobelia arenaria floral features .................................. 216 
Figure 3.3.26 – Distribution of Lobelia arenaria throughout New Zealand .................. 217 
Figure 4.2.1 – Emasculated flower of Lobelia fatiscens (Little Totara) ......................... 228 
Figure 4.2.2 – Pollen on a receptive stigma of Lobelia fatiscens (Little Totara) ............ 229 
Figure 4.2.3 – Pollen being collected from Lobelia ionantha (Henry Creek) using a 
beading needle ................................................................................................................. 229 
Figure 4.4.1 – Attempt at insect exclusion from whole plants ........................................ 235 
Figure 4.4.2 – An anther column of Lobelia fatiscens (Little Totara) bulging due to the 
stigma lobe unfurling while still enclosed inside ............................................................ 237 
Figure 4.4.3 – A flower of Lobelia fatiscens (Little Totara) with the anther column 
removed to reveal an open stigma collecting self-pollen ................................................ 237 
Figure 4.4.4 – Closed, immature flower bud of Lobelia fatiscens (Little Totara) popped 
open and emasculated to reveal a receptive stigma collecting self-pollen ...................... 238 
Figure 4.4.5 – Lobelia macrodon plant severely damaged by insecticide ...................... 240 



 xi 

List of Tables 
 
Table 1.1 – Lobelioid classification schemes throughout history…...see insert after page 4 
 
Table 1.2 – Current and former taxonomic treatments of NZ Lobelioid species.............. 58 
 
Table 2.1 – List of species and accessions of material used in plasticity experiment…...66 
 
Table 2.2.1 – Significance of responses to different environments in Lobelia ionantha .. 71 
 
Table 2.2.2 – Significance of responses to different environments in Lobelia fatiscens .. 79 
 
Table 2.2.3 – Significance of responses to different environments in Lobelia macrodon 86 
 
Table 2.2.4 – Significance of responses to different environments in Lobelia glaberrima
 ........................................................................................................................................... 89 
 
Table 2.2.5 – Significance of responses to different environments in Lobelia perpusilla 97 
 
Table 3.4.1 - % of variance explained by functions from discriminant analysis ............ 220 
 
Table 4.1 – Experimental cross pollinations attempted in this experiment, u = flower 
unemasculated, e = flower emasculated, E = flower emasculated and fruit produced ... 230 
 
Table 5.3.1 – Comparison of morphological measurements between Lobelia ionantha and 
Lobelia carens ................................................................................................................. 269 
 
Table 5.3.2 – Comparison of morphological measurements between Lobelia fatiscens and 
Lobelia fugax ................................................................................................................... 271 
 
Table 5.3.3 – Comparison of morphological measurements between Lobelia macrodon 
and Lobelia glaberrima ................................................................................................... 275 
 
Table 5.3.4 – Comparison of morphological measurements between Lobelia angulata and 
Lobelia arenaria .............................................................................................................. 282 



 xii 

List of Plates 
3.3.1 – Lobelia ionantha ……………………………………………………………….131 
3.3.2 – Lobelia ionantha………………………………………………………………..135 
3.3.3 – Lobelia ionantha………………………………………………………………..136 
3.3.4 – Lobelia fatiscens………………………………………………………………..138 
3.3.5 – Lobelia fatiscens……………………………………………………………......140 
3.3.6 – Lobelia fatiscens………………………………………………………………..142 
3.3.7 – Lobelia fugax…………………………………………………………………...148 
3.3.8 – Lobelia macrodon………………………………………………………………153 
3.3.9 – Lobelia macrodon………………………………………………………………154 
3.3.10 – Lobelia macrodon……………………………………………………………..156 
3.3.11 – Lobelia macrodon……………………………………………………………..157 
3.3.12 – Lobelia macrodon……………………………………………………………..159 
3.3.13 – Lobelia macrodon?……………………………………………………………164 
3.3.14 – Lobelia macrodon?……………………………………………………………165 
3.3.15 – Lobelia macrodon?……………………………………………………………166 
3.3.16 – Lobelia macrodon?……………………………………………………………167 
3.3.17 – Lobelia macrodon?……………………………………………………………168 
3.3.18 – Lobelia glaberrima……………………………………………………………172 
3.3.19 – Lobelia glaberrima……………………………………………………………173 
3.3.20 – Lobelia glaberrima……………………………………………………………174 
3.3.21 – Lobelia linnaeoides……………………………………………………………180 
3.3.22 – Lobelia linnaeoides……………………………………………………………182 
3.3.23 – Lobelia linnaeoides……………………………………………………………184 
3.3.24 – Lobelia perpusilla……………………………………………………………..189 
3.3.25 – Lobelia perpusilla……………………………………………………………..190 
3.3.26 – Lobelia perpusilla……………………………………………………………..192 
3.3.27 – Lobelia perpusilla……………………………………………………………..193 
3.3.28 – Lobelia angulata………………………………………………………………200 
3.3.29 – Lobelia angulata………………………………………………………………201 
3.3.30 – Lobelia angulata………………………………………………………………203 
3.3.31 – Lobelia angulata………………………………………………………………204 
3.3.32 – Lobelia arenaria………………………………………………………………213 
3.3.33 – Lobelia arenaria………………………………………………………………214



 1 

Chapter 1 – Introduction and Taxonomic History 
 

1.1 The subfamily Lobelioideae 
 

 The Lobelia subfamily (Lobelioideae) is an angiosperm group within the family 

Campanulaceae, consisting of more than 1200 species within about 30 genera.  Some 

authors have concluded that there is sufficient justification for the elevation of 

Lobelioideae to family level, and that it should be considered its own family, 

Lobeliaceae, within the order Campanulales (Lammers 1992).  It is distributed 

worldwide, and has centers of diversity in the tropics and subtropics, commonly at higher 

altitudes.  The major centres of distribution are Latin America, Africa and the Pacific.  

Campanulales first appear in the fossil record around 40 million years ago and thus likely 

evolved prior to that date.  The Lobelioideae which are derived from them are thought to 

have appeared less than 40 million years ago (Heywood et al. 1978). 

 Members of the subfamily Lobelioideae are characterised by a number of shared 

morphological features.  All Lobelioideae accumulate latex in a network of articulated 

lactifers within their stems, roots and leaves; their leaves are alternate, and typically 

simple.  Most have flowers aggregated into some sort of inflorescence; however this is 

not the case for the New Zealand taxa, which all produce solitary flowers.  The flowers of 

all Lobelioideae are complete and zygomorphic (Figure 1.1), and most are perfect and 

protandrous, however some are structurally or functionally diclinous, generally exhibiting 

dioecy or gynodioecy (Webb et al. 1999).  Their calyces and corollas are pentamerous 

(Figure 1.1, a), their corollas connate, and they are, with rare exception, resupinate at 

anthesis, giving Lobelioideae their characteristic ‘upside-down’ appearance.  The corollas 

of Lobeliaceae are typically bilabiate, with three dorsal and two ventral lobes (Figure 1.1, 

b,d), but in some cases may be unilabiate, with five dorsal lobes, or even trilabiate, with 

the two ventral lobes completely free from one another.  In the Lobelioideae the unpaired 

calyx lobe originates in a ventral position and the unpaired corolla lobe originates in a 

dorsal position, but these dispositions are reversed upon anthesis as the pedicel twists and 

rotates the flower 180° (Lammers 1992). 
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 Lobeliaceae anthers are tetrasporangiate, fixed to the filament at the base, have 

parallel thecae, and dehisce via longitudinal slits.  The filaments are alternate with the 

corolla lobes and are inserted at the base of the corolla tube.  In some Lobelioideae, 

including some New Zealand species, the filaments are adnate to the corolla tube for at 

least part of their length, and this has been used as a diagnostic feature delimiting taxa of 

different genera by some investigators (Bentham and Hooker 1876, Allan 1961).  The 

stamens are gathered around the style and the anthers and upper part of the filaments are 

connate, forming a tube into which the stylar structure pushes as it matures (Figure 1.1, 

c).  Pollen is shed protandrously on the inside of the tube and is pushed out by the 

developing stigma as it matures (Heywood et al. 1978).  The stigmas of many 

Lobelioideae, including all New Zealand species, are surrounded by a fringe of hairs that 

collect the pollen and push it out of the tube.  The two ventral anthers are shorter than the 

other three, and some species have specialized trigger hairs (awns) attached to these 

shorter anthers (Figure 1.1, e) that cause the pollen inside the anther tube to be extruded 

(like toothpaste) when they are manipulated or disturbed by visiting insects (Melville 

1960).  All of these features contribute to the specialized pollination mechanism that is 

characteristic of many members of the Lobelioideae subfamily. 

 The stigmas consist of two lobes that are folded over one another when the stigma 

is immature.  Upon maturity, these lobes unfurl and expose the receptive stigmatic 

surface containing stigmatic papillae (Figure 1.1, f).  Most Lobelioideae have syncarpous, 

bilocular, inferior ovaries, and the style is girt by a ring of hairs.  In most species each 

locule contains numerous ovules exhibiting axile placentation.  The seeds have a straight 

embryo and copious endosperm.  The fruit is either an indehiscent or dehiscent 

(loculicidal or poricidal) capsule (dry), or a berry (fleshy, indehiscent).  Pollen grains are 

typically spheroidal or partially compressed, and either tricolporate or tricolpate 

(Lammers 1992). 

 The surface of Lobelioideae pollen grains show great variation in ornamentation 

(ridges, reticulations, granulations, etc.), but can be distinguished from some other 

subfamilies within the same family in that they typically lack spinules.  Lobelioideae 

pollen can be binucleate or trinucleate and both types of pollen are present within the 
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genus Lobelia, but only a single pollen type is ever produced by a single species.  Pollen 

grains are typically shed singly, and are often dispersed by animals. 

 The ancestral gametic chromosome number of Lobelioideae appears to be 7 (x = 

7), and most species have 7, 14, 21 or 35 gametic chromosomes (n = 7, 14, 21, 35) and 

this includes the New Zealand taxa with known cytology. (Beuzenberg and Hair 1959, 

1983, Dawson and Beuzenberg 2000). 

 

 
Figure 1.1 – Examples of New Zealand Lobelioid flowers, (a) calyx, (b) ventral corolla 

lobes, (c) fused anther column, (d) dorsal corolla lobes, (e) pollen presentation awns, (f) 

receptive stigma 
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1.2 Historical taxonomic treatments 
 

Earliest concepts of Lobelia (1611-1769) 
 

 According to Wimmer (1943), the first published account of a plant later 

recognized to be a Lobelioid was in 1611 when Carolus Clusius (Charles D’Ecluse) 

described ‘Gladiolus stagnalis Dortmanni’ (syn. Lobelia dortmanna) in his Curae 

Posteriores.  The entity referred to was a common aquatic plant of Northern Europe (later 

recognized to be common throughout upper North America as well), and Carolus 

Linnaeus (Carl von Linne) called it ‘Lobelia foliis bilocularibus subulatis’, in his Flora 

Lapponica (Linnaeus 1737).  The name Lobelia is an honor to the famous Belgian 

botanist Matthias L’Obel, and this initial publication reflected the notion of a genus that 

the noted French botanist Charles Plumier had intended to describe at the time of his 

death in 1704, even though the ideas of genera and binomial nomenclature had not yet 

been concretely established. 

 Sixteen years later the earliest systematic ideas had coalesced and in 1753 

Linnaeus gave birth to the modern system of botanical taxonomy and formally described 

the genus Lobelia when he published descriptions of several Lobelia species in his 

landmark Species Plantarum (Linnaeus 1753), and a general description of the genus in 

the fifth edition of the companion volume, his Genera Plantarum (Linnaeus 1754).  The 

genus was described according to Linnaeus’ ‘sexual system’ of classification, and placed 

in the group of confederate males (Syngenesia), denoting the fused anthers, and in the 

sub-group of monogamy (Monogamia), denoting the single ovary.  The remainder of the 

description provided the following characters to distinguish the genus from other 

members of the ‘Syngenesia Monogamia’; 5 calyx lobes and a cylindrical corolla tube 

with a longitudinal split and 5 lobes, arranged into a 3-partite spreading lower lip and two 

smaller reflexed upper lobes, the anthers fused into a cylindrical tube, and an apically 

dehiscent ovate capsule crowned by the persistent calyx lobes.  The genus was further 

divided by Linnaeus into 3 sub groups on the basis of whether the stems were prostrate or 

erect and whether the leaves were entire or incised (Table 1.1). 
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The time of Captain Cook (1769-1790) 
 

 Just sixteen years after Linnaeus established the discipline, the taxonomic study of 

native New Zealand Lobelioideae began at the genesis of all ‘taxonomic’ (in the 

European sense) study of the New Zealand flora, with the voyages of Captain Cook in the 

late 1700’s.  Cook was accompanied on his first voyage in 1769 by the naturalists Joseph 

Banks and Daniel Solander, who collected many plants from as widely as the expeditions 

permitted.  The first Lobelioid collected by a European in New Zealand was what Banks 

called Lobelia rotundifolia (syn. Pratia angulata, Lobelia angulata), collected at Tegadu 

Bay (North Island) on 20th October, 1769.  Several days later, the party encountered this 

species again in Tolaga Bay (North Island), where they also observed the second New 

Zealand Lobelioid to become known to Europeans.  This second species was called 

Lobelia triangularis by Banks (syn. Lobelia alata, Lobelia anceps).  Solander prepared a 

manuscript of descriptions (Solander 1770), and the artist on the voyage, Sidney 

Parkinson, prepared beautifully detailed illustrations of each species, which were to be 

compiled as an atlas of the new plants encountered in the South Pacific, but the work was 

never published.  However, in the 1980s, engravings were made from the original 

watercolours housed in the British Museum, and these were used to print the illustrations 

under the title, Banks’ Florilegium along with reproductions of Solander’s original 

manuscript (Alecto 1980).  It is a testament to the high regard in which Linnaeus’ efforts 

were held at the time by other botanical investigators from different countries, that his 

genus which had only recently been described was so easily recognisable to the first New 

Zealand investigators less than two decades later. 

On Cook’s second voyage in 1773 he was accompanied by JR and G Forster, who 

again collected as widely as the expedition permitted, and these collections formed the 

basis for three publications by Forster, which can be considered the first European 

taxonomic works concerning New Zealand plants.  Georg Forster’s Florulae Insularum 

Australium Prodromus was the first published work making specific reference to New 

Zealand Lobelioids (Forster 1786).  This work formally published the taxon Lobelia 
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angulata, which had also been encountered by Banks and Solander on Cook’s first 

voyage.  Unfortunately, Cook and his companions didn’t land in that many places and 

didn’t have a great amount of time to devote to botanical collection, and therefore only 

obtained plant collections from the coastline of the North Island and coastal sites on the 

extreme ends of the South Island, which of course could not be considered a highly 

accurate representation of the entire flora. 

 The next European encounter with New Zealand Lobelioids came in 1791 when 

Captain Bruni d'Entrecasteaux's voyage visited the North Island accompanied by the 

naturalist Jacques-Julien Houtou de Labillardière.  Labillardiere collected as widely as 

the expedition would permit, and he published descriptions of his collections in Novae 

Hollandiae Plantarum Specimen, adding the name Lobelia alata (syn L. anceps) to the 

literature, describing the same species that Banks and Solander had called Lobelia 

triangularis (Labillardiere 1806).  By this point the name Lobelia anceps had already 

been brought into existence by Carolus Linnaeus Jr., describing a plant from the Cape of 

Good Hope (Linnaeus 1782).  Later these two species would be synonymised, but at this 

point in history they were still recognised as distinct, most likely because they were 

obtained and described by different collectors and authors, who due to the vagaries of 

postage and botanical publishing at the time, would have only seen specimens from 

certain localities and not from others. 

 

 

Emerging concept of plant families (1790-1815) 
 

 By the end of the eighteenth century there were an increasing number of new 

plants from global explorations brought to European taxonomists for classification.  At 

this time it became apparent that grouping them all together based on the ‘sexual system’ 

(number of stamens and ovaries) led to some genera that appeared very similar in every 

other respect to be placed in very distant groups.  This conundrum led to the desire to 

develop a more ‘natural system’ of classification which would group plants together on 

the basis of overall morphological similarity.  Various investigators had attempted to do 

this previously, and Linnaeus himself had listed 58 ‘natural orders’ (the equivalent of 
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today’s plant families) in an appendix to the sixth edition of his Genera Plantarum 

(Linnaeus 1764), but this work was largely overshadowed by the simplicity and wide 

adoption of his ‘sexual system’.  One of the ‘natural orders’ listed by Linnaeus was called 

Campanaceae (no. 29) and included the genus Lobelia (Table 1.1), but no text could be 

found that actually describes the parameters used to delimit that group.  By the late 

1700’s though, Linnaeus’ sexual system was no longer manageable, and in 1789 Antonie 

Laurent de Jussieu published his Genera Plantarum, which built on the work of his 

colleague Michel Adanson and his uncle Bernard de Jussieu.  Bernard de Jussieu had 

been formulating the idea of ‘natural orders’ around the same time as Linnaeus, but 

appeared to disagree somewhat with Linnaeus, having a slightly higher number of groups 

and assigning the genus Lobelia to a ‘natural order’ he called Campanulae that was 

similar to Linnaeus’ Campanaceae, but lacked several genera that were instead placed in 

a group unique to Jussieu, the Convolvuli (Jussieu 1789).  In his Genera Plantarum, A.L. 

de Jussieu expanded the number of natural orders to 100, including text describing the 

limits of each group.  He called the group in which he placed Lobelia Campanulaceae, 

mostly following his uncle’s circumscription, but adding several new genera to the group 

(Table 1.1).  He also included a key that allowed the reader to quickly determine which 

class of natural orders a species belonged to, with the divisions based firstly on the 

number of cotyledons, and secondly on corolla characters (number of petals and position 

of organs). 

 In 1810 the first ever systematic flora of an antipodean colony was published by 

the noted British botanist Robert Brown (Brown 1810).  As mentioned above, this 

publication appeared at a time when European taxonomists began moving away from 

Linnaeus’ ‘sexual system’ of classification, and toward a ‘natural system’ of 

classification.  Brown used a hybrid of some of the new classification systems available 

at the time particularly that of de Jussieu, retaining the ‘natural order’ name 

Campanulaceae for the group which contained Lobelia.  He considered all Lobelia 

species to be members of one of two tribes comprising Campanulaceae (the other tribe 

containing all Campanula species).  Also in this publication, like Linnaeus before him, 

Brown split his group of 20 Lobelia species into subgroups based on shared 

morphological characteristics to make identification more manageable.  Brown divided 
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the genus Lobelia into 5 subgroups based on the floral arrangement, corolla tube shape 

and degree of splitting/fusion, and the sexual status (Table 1.1).  Only the final 

monospecific subgroup was given a formal name, which Brown called Isotoma.  Also, 

while this volume dealt exclusively with Australian species, it was here that the name 

Lobelia fluviatilis (syn Isotoma fluviatilis) was first applied, and the description for this 

species mentioned epipetalous stamens as a key character.  At any rate, Brown clearly 

recognised that there was at least a major difference between Campanula species and 

Lobelia species when he placed them in two different tribes of the family, and this 

conclusion was further reinforced one year later by de Jussieu. 

 Around the time of Brown’s publication, it seems as though the French had begun 

calling these higher order groups ‘families’ instead of ‘natural orders’ (however it seems 

as though the British kept calling them ‘natural orders’ for a while, and the agreed 

convention for this was probably not enunciated until the first International Botanical 

Congress in 1900), and in 1811, de Jussieu seems to have revised his system and split up 

the ‘natural order’ Campanulaceae, creating the new family Lobeliaceae out of taxa that 

were previously treated as Campanulads (Jussieu 1811).  His justification for splitting the 

group was the non-actinomorphic, resupinate flowers and connate anthers, as has been 

indicated by all subsequent authors. 

 

 

New genera and the ‘Natural System’ (1815-1840) 
 

‘To name is not yet to understand’ (H.H. Allan 1928, quoted in Moore and Irwin 1978) 

 

 Over the years, as more and more expeditions to far flung places brought back 

more plants and the numbers of recognised species and new genera with affinities to this 

group grew, it was necessary to find robust ways of recognizing related sub-groups 

within the larger family. 

 In the early 1800s two major expeditions greatly expanded the number of species 

recognised as members of the Lobeliaceae family, and some of these species were 

considered related, yet distinct enough to warrant being given new names in their own 
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genera.  One of the authors responsible for this explosion in recognised Lobelioids was 

Charles Gaudichaud-Beaupré, who was the botanist on the voyages around the world of 

the French corvettes Uranie and Physicienne, commanded by Louis de Freycinet (1817-

1820).  These voyages netted 5 additional genera thought to belong to the family 

(Gaudichaud 1825, 1826).  The other group responsible for the vast expansion of known 

Lobelias was the pair of Czech botanists, the brothers Jan and Karel (Carl) Presl whose 

Prodromus Monographiae Lobeliacearum attempted to enunciate all world Lobeliads 

known at the time, adding another 8 genera to the family (Presl 1836). 

A significant development of this time period in regard to the taxonomy of the 

New Zealand Lobeliaceae was the publication of the genus Pratia by Gaudichaud.  In the 

Falkland Islands (South America), he came across a plant which possessed all of the 

characters of Lobelia, except it had fleshy, berry like fruits, which was not a character of 

the genus.  He deemed this character to be of sufficient importance to warrant the 

erection of a new genus (Gaudichaud 1825). 

 One year later, the renowned English botanist John Lindley also added a new 

genus called Isotoma.  Lindley was describing a plant that had been grown from seed 

received from near Sydney, Australia, and once it had flowered, he supposedly 

recognised that it fit nearly exactly with Robert Brown’s description of his last section of 

Lobelia which was called Lobelia sect. Isotoma, even though he had never actually seen 

the plants that Brown was referring to (Lindley 1826).  Lindley believed that the 

characters of the species he was describing were sufficiently different from other 

Lobeliads that it warranted having its taxonomic rank elevated from a section of an 

existing genus to its very own new genus, but he did not elaborate on the details of this 

justification.  He did, however, offer an excuse for this lack of detail in commenting that 

he hoped ‘to be able shortly to offer some remarks upon the relative value of the 

variations which exist in the genus Lobelia [in regard to] generic separations’, but where 

exactly he made these later remarks and what he in fact said remains elusive. 

 Lindley also authored one of the first publications to catalogue the different 

groups being delimited under the ‘natural system’ under the title John Lindley’s A 

Natural System of Botany.  The 1830 volume, An Introduction to the Natural System of 

Botany listed Lobeliaceae as a family and described its unique features, but as to 
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divisions within the family it only mentioned two genera with no information as to how 

they were delimited.  Those two genera were Lobelia, and Lindley’s newly created 

Isotoma (Lindley 1830).  In that same year, the eminent Scottish botanist Robert C. 

Graham described a new species of Lobelia native to New Zealand which he called 

Lobelia rugulosa (Graham 1830).  JD Hooker later declared this species to be 

synonymous with Lobelia angulata (syn. Pratia angulata). 

 In 1834 George Don published volume 3 of his A General History of Plants 

which listed all of the known plant families and all of the known genera contained within 

them (Don 1834).  This publication added much more detail to the body of knowledge 

surrounding Lobelioids in that it presented the genera of Gaudichaud and several other 

disparate authors in the context of the whole family and added 6 new genera created by 

Don himself, bringing the total to 18 (Table 1.1).  This publication was especially useful 

as it provided detailed morphological descriptions and included additional notes 

containing valuable information about each genus.  While this publication provided the 

most comprehensive information about the family to date, it did not go as far as grouping 

the known genera into tribes (or any other type of sub-group).  Because of the detailed 

morphological descriptions of each genus, we can however extrapolate those characters 

which Don thought to be most informative for delimiting the individual genera.  The 

characters referred to in each genus description include: dioecy, calyx shape, number of 

calyx lobes, corolla shape, corolla splitting, number of corolla lobes, shape of corolla 

limb, corolla hairiness, staminal filament fusion, anther fusion, anther hairiness, stigma 

shape, stigma hairiness, fruit type, fruit shape, fruit apex shape, dehiscence, locule 

number, and seed characters.  However, the only characters that actually differ in any 

meaningful way across all the descriptions (and for which character state information is 

given in all descriptions) are whether the corolla limb is actinomorphic or regular, 

whether the corolla tube is split or entire, and whether the fruit is dehiscent or 

indehiscent.  Additionally, Don, as Brown and Linnaeus had done before him, also 

divided the genus Lobelia into further subgroups to aid in managing the identification 

process for this genus which by this point contained 158 species.  Don’s divisions in this 

respect were mainly centered around the geographic locality (Table 1.1) in which various 

species were found and therefore were not really useful in determining phylogenetic 
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relationships between species, but it was a start and subsequent authors did this more 

comprehensively, taking into account shared morphological features (and by implication 

phylogentic relationships).  It should be noted though, that within some of the geographic 

groups, the species were split up further based on morphological features such as corolla 

colour and growth habit, which would seem to indicate at least a cursory attempt by Don 

to grapple with the idea of evolutionary relationships arising from a common ancestor 

(Table 1.1).  Two years after Don published his work, Lindley released a new volume of 

A Natural System which in addition to reprinting text from earlier volumes included an 

expanded list of genera contained within each family (Lindley 1836).  In this volume 

Lindley lists 20 genera in Lobeliaceae, 17 the same as Don (excluding Cyphia), and 3 

new genera; Strumpfia, Heterotoma and Jasione (Table 1.1).  Heterotoma was a newly 

discovered Mexican taxon, where Strumpfia and Jasione were well established genera 

that Lindley must have thought deserved to be reclassified. 

 The first half of the 19th century was indeed a heady time for the study of 

Lobelioids, and in 1836 yet another new genus that would eventually become relevant to 

New Zealand was added to the mix.  In that year, the Czech botanists, brothers Jan and 

Carl Presl published their Prodromus Monographiae Lobeliacearum, which included a 

description of the new genus Hypsela (Presl 1836).  Unfortunately this publication is 

extremely rare and was inaccessible to this author so detailed analysis of the authors’ 

descriptions and commentary is impossible, but fortunately the conclusions of the Presls’ 

were reproduced extensively in other publications of the time that attempted to classify 

all known plants within the ‘natural system’.  These publications are much more common 

and accessible and from them we come to understand that the Presls based the description 

of Hypsela on a specimen encountered in Ecuador, which differed from other Lobelia 

species they had encountered in that the corolla tube was entire, and the capsules were 

dehiscent by the means of an operculum. 

 By this time, the development of the natural system of classification was really 

beginning to pick up, with the publication of the works of Stephan Endlicher and 

Augustin Pyramus de Candolle, building on the efforts of their predecessors to produce 

the most extensive and detailed volumes yet seen.  Endlicher’s work was published in his 

Genera plantarum secundum ordines naturales disposita (Endlicher 1836) and de 
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Candolle’s investigations culminated in the publication of Prodromus Systematis 

Naturalis Regni Vegetabilis in 17 volumes (Candolle 1838).  In these works, they 

enunciated many of the modern plant families, and much of the content of these volumes 

still stands as the basis for taxonomic plant classification today.  The relevant portion of 

Endlicher’s Genera was published in 1836, and 1838 saw the publication of volume 7 of 

de Candolle’s Prodromus which included the Lobeliaceae, and was the last volume of the 

publication directly overseen by de Candolle himself (publication was then taken over by 

his son, also confusingly named AP (Alphonse Pyrame) de Candolle).  These volumes, 

with respect to the Lobeliaceae, seem to build on the work of the Presls, and represent the 

oldest accessible works this author could find to comprehensively organize the plant 

family as a whole using a logical system to delimit different generic groups.  Endlicher 

essentially copied the Presls’ circumscription of tribes and seems to have maybe added a 

few new genera that they may have been unaware of, while de Candolle added one new 

tribe, several more recently discovered genera, and greatly expanded the descriptions of 

the tribes and their subgroups. 

 In his Genera Plantarum, Stephan Endlicher, the director of the Vienna Botanical 

Garden published one of the first comprehensive descriptions of the plant kingdom 

according to the ‘natural system’ (Endlicher 1836).  This was one of the first publications 

to systematically catalogue all known plant species by classifying them into nested 

hierarchical groups based on shared morphological characteristics.  Other authors had set 

out to accomplish this goal previously, but either never finished or cut corners resulting in 

incomplete manuscripts.  In this volume Endlicher not only catalogued each group, but 

clearly enunciated the morphological differences and justifications for delimiting each 

group.  Endlicher considered the Lobeliaceae family to be comprised of three main 

groups (Tribes), and it appears as though for this family Endlicher reproduced verbatim 

the higher order division being put forward by his Czech peers the Presls.  The three 

tribes are shown in Table 1, and were delimited on the basis of the number of locules in 

the ovary and whether or not the fruit is dehiscent.  Endlicher did not provide characters 

with which to further divide his tribes into sub-groups and merely listed the names of the 

genera he felt to belong to each tribe along with detailed morphological descriptions.  He 

did however, along the same lines as Don, make the effort to provide descriptions of 
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characters, essentially corolla shape and colour that could be used to delimit subgroups of 

species within some of the genera that contained large numbers of species.  

Unfortunately, this is the maximum extent of subdivision and Endlicher did not attempt 

to list all known species for each genus.  Endlicher’s classification is still considered a 

landmark publication in the scheme of historical plant taxonomy, and with regard to 

Lobelioids it differed from those that had come before it in a number of significant ways.  

In addition to relating the tribe structure as proposed by the Presls, it included the 8 new 

genera authored by them but still held the number of genera contained within the family 

at 20, indicating a significant departure from the classification of Don.  Endlicher’s tribe 

Delisseaceae included the five genera of Gaudichaud (Delissea, Cyanea, Clermontia, 

Rollandia and Pratia), plus three new genera of the Presls, Centropogn, Trimeris and 

Macrochilus which were synonyms for species originally regarded as members of 

Lobelia by the botanists Cavanilles, Roxborough and Chamisso respectively (Table 1.1).  

Endlicher’s tribe Clintonieae contained the established genera Clintonia and Lysipomia, 

plus two new genera of the Presls, Grammatotheca and Hypsela.  Hypsela accounted for 

a species previously thought to be a part of Lysipomia, and Grammatotheca appears to be 

a genuinely new genus from this time, referring to plants that had never before been 

discovered.  Endlicher’s final tribe, Lobelieae was made up of the existing genera 

Monopsis, Lobelia, Siphocampylus and Heterotoma, plus three new genera of the Presls, 

Metzleria, Byrsanthes and Dobrowskya and one new genus authored by Necker, 

Laurentia (Table 1.1).  Metzleria and Byrsanthes were synonyms for species originally 

regarded as members of Lobelia by Linnaeus and Willdenow respectively.  Dobrowskya 

was the name the Presls gave to some of the group that had been called Parastranthus by 

Don (the remainders of Parastranthus were transferred to Lobelia as one of the four main 

subsections).  Laurentia was described as being made up of four subsections, two of 

those subsections being called Isotoma and Hipporobroma and accounting for the species 

previously treated as belonging to those genera.  This left four genera originally erected 

by Don that Endlicher did not consider being sufficiently distinct enough to warrant the 

status of genus, and these were incorporated into the other existing genera.  Tupa and 

Dortmanna were incorporated into Lobelia as two of the four subsections comprising that 

genus, Dortmanna receiving its own subsection name and Tupa being treated as part of 
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subsection Sphaerangium.  Holostigma was incorporated into Monopsis as one of two 

subsections comprising that genus (Table 1.1).  With regard to Canonanthus, Endlicher 

felt that, based on the incomplete description provided by Don, the entity being described 

scarcely differed, at least as far as he could tell from the established description of 

Siphocampylus, and considered them synonymous.  From this we can see that Endlicher 

must have agreed that Cyphia should not be considered a part of the family, but it appears 

that he also did not think it appropriate to include Strumpfia and Jasione. 

 At the same time that Endlicher was working on his landmark volume, another 

investigator was undertaking the same task of cataloguing the entire plant kingdom 

according to the natural system, but in this case for the glory of France as opposed to for 

the glory of Germany.  The author was Augustin Pyramus De Candolle, and the resulting 

Prodromus Systematis Naturalis Regni Vegetabilis is equally as important in the 

historical narrative of plant taxonomy as the work of Endlicher, if not more so.  De 

Candolle’s work was important in the sense that it not only incorporated the idea of 

nested hierarchies based on shared morphological features, but it also catalogued every 

known plant species in the world at the time and included a detailed morphological 

description and history of each (Candolle 1938).  De Candolle’s treatment saw the family 

as comprised of 27 genera divided into four tribes instead of 20 genera divided into three 

tribes, keeping the original 3 tribes of Presl and Endlicher, but adding a fourth, 

Lysipomiae, created by separating Clintonieae into two groups on the basis of mode of 

dehiscence (Table 1.1).  In De Candolle’s scheme the four genera Endlicher considered to 

be in Clintonieae are still essentially retained as one group, with De Candolle’s 

Clintonieae including Clintonia and Grammatotheca, and his Lysipomiae being 

monogeneric including only the genus Lysipomia.  In the text, Lysipomia is further 

divided into two sections, Eulysipomia containing the species already known as 

Lysipomia, and a monospecific section Hypsela containing the species that had briefly 

been known by that genus name (Table 1.1). 

 With regard to the tribe Delisseaceae, De Candolle’s classification is again very 

close to that of Endlicher, although again with some slight modifications.  All of the 

genera contained within Endlicher’s Delisseaceae are still retained in De Candolle’s 

concept, except that the species previously considered as the only example of the genus 
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Trimeris is moved to the tribe Lobelieae and is considered to represent one of the two 

major sections comprising the genus Lobelia (this appearing to have been based on new 

observations of the time confirming the nature of the fruit of this species as dehiscent 

with apical valves).  The other modifications applied to this tribe revolve around the 

classification of the genus Pratia.  De Candolle’s concept of Pratia appears to have been 

restricted to plants occurring in South America, and he only retains the two previously 

recognised South American species in this genus as well as adding a newly discovered 

species from Bolivia.  The remaining five African, Asian and Pacific species were placed 

into two newly created genera.  Pratia begoniafolia from Nepal had been classified as a 

Pratia by Lindley (changed from Lobelia begoniafolia) on the basis of its fleshy fruit, but 

it had always been recognised as different from the other known South American Pratia 

species in that it had a strongly bilabiate corolla instead of a unilabiate/regular one and 

distinctly petiolate leaves.  This was reflected by Endlicher in his classification when he 

described the genus Pratia as comprised of two subsections, Eupratia containing the 

South American ‘true Pratia’ species and Bernonia containing the single Nepalese 

species.  De Candolle thought that these differences were significant enough to warrant 

raising this species to the rank of its own genus, Piddingtonia.  Because of the lack of 

detail in the Endlicher manuscript, what Endlicher thought of the other four species 

considered to be Pratia by Don remains unclear (3 authored by Don himself, 1 authored 

by Gaudichaud).  Those species were from South Africa, Australia, China and Japan 

respectively, and Endlicher presumably thought that they either belonged in other genera 

or he was unaware of their existence, but there are not sufficient notes to make a 

determination about this, although one taxon appears to have been included in Monopsis.  

De Candolle transferred these four species to a newly created genus, Isolobus (Table 1.1). 

 The major differences between the classifications of Endlicher and De Candolle 

arise in their treatment of the largest tribe of the group, Lobelieae.  As mentioned 

previously, De Candolle considered the genus Trimeris to be included in the tribe 

Lobelieae instead of Delisseaceae.  However the largest differences in their 

circumscription of this tribe seem to be related to De Candolle taking a broader view of 

what degree of difference justifies the creation of a genus, and he resurrected several 

genera that had by this point been absorbed into others by previous authors, elevating 
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taxa to generic level that had previously been treated as sections of genera.  Holostigma, 

which had been considered a section of Monopsis by Endlicher, was reinstated as a 

monospecific genus, with Monopsis retained as a separate genus albeit minus a few 

species (one of those species being transferred into the new genus Isolobus along with 

previous Pratia species).  Parastranthus, a South African group whose species had been 

incorporated into Dobrowskya (another South African genus) by Endlicher, was also re-

instated at generic level although the genus Dobrowskya was retained with one of Don’s 

Parastranthus species still included.  Tupa, a genus created by Don but subsequently 

considered to be synonymous with Endlicher’s Lobelia sect. Sphaerangium was 

reinstated at genus level as one of De Candolle’s largest genera.  Isotoma and Enchysia, 

two groups that had been considered as sections of the genus Laurentia by Endlicher, 

were also reinstated at or elevated to generic level.  Isotoma was further divided into two 

sections, one called Solenanthis that incorporated Endlicher’s Laurentia sect. 

Hipporobroma (considered a genus by Don), and one called Euisotoma, containing the 

‘true Isotoma’ species from Australia (Table 1.1).  Beyond these reinstatements of names 

at higher taxonomic levels and the swapping of a few species from one genus to another 

based on more up to date character state information, the only other differences between 

the tribe Lobelieae classifications of Endlicher and De Candolle are that De Candolle also 

included two monospecific genera that were new to the literature.  Sclerotheca was a new 

genus created by De Candolle to account for the significant morphological differences 

exhibited by a tree-like Lobelia species from French Polynesia, and Rhynchopetalum was 

a genus that had only just been created in that same year by Fresenius to account for a 

little known and poorly described species from the horn of Africa, which must have 

nonetheless seemed distinct enough to warrant being placed in its own genus. 

 

 

Joseph Dalton Hooker and early colonialism (1840-1900) 
 

 By the late 1830’s Europeans were starting to earnestly colonize the main islands 

of New Zealand, with the small whaling and sealing settlements giving way to proper 

colonial towns.  This brought an influx of many people from all walks of life to the 
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islands, including missionaries, labourers, woodsmen, dignitaries and keen explorers.  

Many of these new immigrants held an amateur interest in botany, as the identification 

and cultivation of new and exotic plants was very fashionable at the time, and as such the 

investigation of New Zealand native plants necessarily exploded. 

 One of the first 'great collectors' of this period was Allan Cunningham, who 

traveled widely, and along with his brother Richard Cunningham, extensively explored 

the interior of the North Island.  In 1839 Cunningham wrote to the Annals and Magazine 

of Natural History, describing the plants he and his brother had encountered on some of 

their collections.  In this paper he described several new species, the first of which was 

Lobelia physaloides (syn. Colensoa physaloides), a large woody shrub from the far north 

of the North Island that is quite distinct from any other native New Zealand Lobelioideae.  

He also described two new prostrate, creeping herbaceous Lobelioids, Lobelia submersa 

and Lobelia littoralis (Cunningham 1839).  Cunningham distinguished Lobelia littoralis 

as a new species seemingly based on the character of the peduncles greatly elongating as 

the fruit matures, but later investigators of the family decided this character was not of 

sufficient importance, and declared this species to be synonymous with Lobelia angulata 

(syn Pratia angulata).  In the description of Lobelia submersa, the only characters that 

stand out are the mention of epipetalous stamens and partially wavy leaf margin, but later 

investigators would conclude that this was in fact a species of Glossostigma. 

 Thankfully the identifications and descriptions of this time were not carried out in 

a vacuum, and most collections and descriptions of that day passed through the central 

organising body of taxonomic botany at that time, the Royal Botanic Gardens at Kew.  

This was during a time of intense exploration of all corners of the globe by European 

explorers and botanists, and Kew would have been receiving parcels containing letters 

and herbarium specimens from these far flung workers at an astonishing rate.  The man 

responsible for collating and organising all of this data was the director of the gardens 

and a legendary figure in the history of botanical science, Sir William Jackson Hooker.  

WJ Hooker oversaw all of the workings of the gardens and herbarium, and edited, and 

contributed to, many of the scientific journals of the day concerned with natural history 

and plant taxonomy.  One of his most revered publications was the series Icones 

Plantarum, which roughly translates to 'pictures of plants'.  The Icones series featured 
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vivid illustrations and descriptive text elaborating on some of the more exciting and 

charismatic plant taxa that had been sent from the far flung explorers, and in 1843, Icones 

featured an illustrative plate of the Lobelia physaloides from New Zealand which had 

been discovered by Cunningham a few years earlier (Hooker 1843). 

 Hooker was not alone in his encyclopedic knowledge and great organising ability, 

and was in fact the patriarch of what could be considered a botanical/scientific dynasty.  

His immediate successor at Kew was his son Joseph Dalton Hooker, who was an 

experienced explorer in his own right, having traveled the world collecting plants.  JD 

Hooker was dispatched to the newest British colony of New Zealand by his father (and 

the government) to examine the plants native to that region and to prepare from those 

investigations the first proper colonial Flora of New Zealand.  JD Hooker's journey began 

in 1839 with a voyage to the Antarctic lands near New Zealand on Her Majesty's 

discovery ships the Erebus and Terror.  On Enderby Island, in the Auckland Islands 

group, Hooker recognised a Lobelioid creeping across the sandy shores that was quite 

distinct from the others he had seen, in that the peduncles were very short when both in 

flower and fruit, the nature of the leaf teeth was distinct, and the petioles were very short.  

He called this species Pratia (syn. Lobelia) arenaria and suggested that it was most 

closely allied to Pratia (syn. Lobelia) angulata (Hooker 1844). 

 JD Hooker went on to continue his investigations on the main islands of New 

Zealand, and in 1853 he published his Florae Novae Zelandiae, the first proper European 

style flora of the islands of New Zealand, which added a new genus and a new species, 

but also listed all of the known species and put them into context with each other, 

including applying the names of the new, recently created genera.  By this time the 

understanding of the flora of New Zealand had grown rapidly and this was the first 

publication to begin to paint a picture of the true breadth of the diversity of New Zealand 

Lobelioids.  It was also the first publication to delve into the complicated issue of generic 

delimitation within the Lobeliaceae family in New Zealand and to attempt to reflect true 

phylogenetic relationships.  The first change effected by Hooker in this publication was 

to raise the rank of Lobelia physaloides to that of its own genus.  Hooker argued that the 

berried fruit of this taxon removed it from Lobelia, but seemed to think that it was 

sufficiently different from the berried Pratia species in its woody, shrub-like growth habit 
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to not be placed in that genus either.  Hooker changed the name of this species to 

Colensoa physaloides, noting that it was only known from the extreme north of the North 

Island.  The name Colensoa was in honour of the Rev. William Colenso, a contemporary 

of Hooker who extensively explored the botany of the North Island and sent him many 

specimens (Hooker 1853). 

 The next group covered by Hooker in this publication was the Pratia species, 

which he described as Lobelioids that were small creeping herbs with rooting branches 

and alternate leaves, had solitary axillary flowers, with the corolla tube split down the 

back to the base, and turgid, two-celled, many seeded berries.  Up to this point there were 

considered to be three species of Pratia present in New Zealand, Pratia (syn. Lobelia) 

angulata of Forster, Pratia littoralis (syn. Lobelia angulata) of Cunningham, and Pratia 

(syn. Lobelia) arenaria that Hooker himself had only recently described as distinct but 

closely related to Pratia (syn. Lobelia) angulata.  It appears though that during his 

investigations in the intervening period between the publication of Flora Antarctica and 

Florae Novae Zelandiae, Hooker encountered several other Pratia-like taxa that did not 

fit exactly with the description of any one of these species, but exhibited variation in 

some of the characters that was intermediate between them, leading him to the conclusion 

that the three species really ought to be treated as one highly morphologically variable 

species.  To accommodate this situation, Hooker retained the name Pratia (syn. Lobelia) 

angulata for the new all encompassing species, and in his treatment described three 

varieties (var a, var b, and var c 'arenaria').  Additionally, he remarked that the species 

described by Banks and Solander as Lobelia rotundifolia had lobules to the base of the 

leaves, which he did not observe in any of his specimens, and therefore he was not ready 

to quote it as a synonym (Hooker 1853).  During the course of the current study lobules 

were observed at the base of some leaves in some specimens of Pratia (syn. Lobelia) 

angulata, but when Lobelia rotundifolia was in fact synonymised with this species and by 

who remains unclear. 

 The final group enunciated by Hooker in this landmark publication was the ‘true’ 

Lobelia species, which he noted differed from the New Zealand Pratia species 'chiefly, if 

not wholly, in the fruit being capsular and opening by valves'.  This remark also referred 

to the fact that the species of Lobelia known to exist in New Zealand at that time were all 
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herbaceous plants with solitary, axillary flowers and were quite different from the 

majority of northern hemisphere Lobelia species which produced large spike-like 

inflorescences.  Hooker described two species of Lobelia in this volume, the first of 

which was Lobelia anceps (of Linnaeus Jr.), which he noted was also present in South 

Africa, Australia, Tasmania, Chile and the Juan Fernandez Islands (Hooker 1853).  This 

same species had been encountered by previous investigators, and had been called 

Lobelia triangularis by Banks and Solander, and Lobelia alata by Labillardiere.  

Presumably this taxon had been given several different names by different investigators 

who had observed it in different places throughout its wide geographical range, and 

Hooker, upon having viewed specimens from throughout the range realised that they 

were all the same species and applied the earliest name that had been published.  Hooker 

noted that this species was abundant in the North Island and the northern part of the 

South Island (‘Middle Island, as far south as Bank's Peninsula’), and also remarked at the 

end of the description that he thought it may have been called Lobelia angulata by 

Cunningham, but that it was not to be confused with what is now called Pratia (syn. 

Lobelia) angulata. 

 The final Lobelia that Hooker described in this publication was a new species 

which he called Lobelia perpusilla.  He remarked that it was a very minute species, that it 

resembled Pratia species in growth habit, and that it may in fact be a species of Pratia 

because he had not actually seen the fruit during the course of his investigations.  For the 

purpose of his publication though, Hooker took the conservative option and placed this 

species in Lobelia pending confirmation of the nature of the fruit.  He noted that it had 

been collected from muddy places in the Hawke's Bay, and also commented at the end of 

the description that it resembled Lobelia irrigua from Tasmania (Hooker 1853). 

 Eleven years later, in 1864, Hooker updated his flora and published it in the style 

of a portable field guide as the Handbook of the New Zealand Flora, in which he added 

several species to the literature and commented in more detail on the already known 

species.  He mentioned some key characters of Lobelia anceps and added Lobelia roughii 

to the literature.  He also expanded on his dissatisfaction with the concept of Pratia (syn. 

Lobelia) angulata as a single species, and described the species as having 4 varieties 

distinguished primarily by leaf morphology and peduncle length, with one of those 
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varieties being var. arenaria found only in the Subantarctic Islands.  He also formalised 

the name Pratia perpusilla in this volume even though he had still not seen any fruit of 

this species.  Additionally in this volume he added two further species to the literature, 

which he called Pratia (syn. Lobelia) macrodon and Pratia (syn. Lobelia) linnaeoides.  

Pratia (syn. Lobelia) macrodon was placed in Pratia based on its similarity to Pratia 

(syn. Lobelia) angulata, even though at this stage Hooker had not seen any P. macrodon 

fruit.  Pratia (syn. Lobelia) linnaeoides was also placed in Pratia based on its similarity 

to small leaved forms of Pratia (syn. Lobelia) angulata, again even though no fruit had 

been seen by Hooker at this stage (Hooker 1864). 

 Of course no discussion of historical higher order taxonomic classification 

systems would be complete without a reference to the views of the Hooker dynasty, as 

father and son were the penultimate English speaking experts on the subject of their time.  

As directors of the Royal Botanic Gardens and herbarium at Kew, they had the ultimate 

say in the English speaking world as to which species belonged in which genera and how 

the known genera were theoretically related according to the natural system.  J.D. Hooker 

lived up to this expectation in the late 1800’s when he collaborated with George Bentham 

to produce an English equivalent of the effort undertaken by Endlicher and De Candolle, 

also called Genera Plantarum.  Bentham and Hooker’s work was an enormous feat and 

did well to make an effort to build on the work that had come before and continue to 

catalogue all of the new species that had been discovered in the decades since Endlicher 

and De Candolle had published (Bentham and Hooker 1876).  Unfortunately this volume 

is somewhat lacking in any new useful details with regard to the Lobeliaceae.  Firstly, 

Bentham and Hooker did not consider the Lobeliaceae to be sufficiently different to 

warrant being placed in their own family, and they considered this group to be one 

(Lobelieae) of three tribes comprising the family Campanulaceae (along with 

Campanuleae and Cyphieae).  This fact renders this volume somewhat unhelpful in that 

by discarding the concept of Lobeliaceae as a separate family, the information embodied 

in the division of Lobeliaceae into tribes is necessarily lost.  Secondly, in the interest of 

making the task realistically achievable and actually completing it, Bentham and Hooker 

did not include morphological descriptions of each individual species contained within 

each genus.  Thankfully the authors made up for these shortcomings as best they could, 
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by offering a rough key to further divide their tribe Lobelieae into groups based on shared 

morphological features, and by listing the number of species known from each genus 

along with limited notes about the appearance and history of certain species.  Bentham 

and Hooker considered their tribe Lobelieae to contain 21 genera (Table 1.1), and the key 

they offer for distinguishing related subgroups of genera within the tribe Lobelieae splits 

those genera into three groups based mainly on floral display and corolla characters, but 

with limited reference to growth habit, fruit type and geography as well.  The first sub-

group, *, is made up of Hawaiian trees and shrubs with fleshy fruit and many-flowered 

axillary peduncles.  Four of the genera are long established ones of Gaudichaud, 

considered by previous authors as a related unit all in the tribe Delisseaceae.  The fifth 

genus, Brighamia was a new monospecific genus from Hawaii only recently discovered 

by Asa Gray that shared many features with the genera of Gaudichaud (Table 1.1).  This 

first group retains the core of previous authors’ Delisseaceae, missing only Centropogon 

and Pratia (including Piddingtonia, originally split off from Pratia, but now re-merged) 

which are each included in one of the other three groups (the monospecific Macrochilus 

of Presl is considered synonymous with a species of Cyanea). 

 The second and third sub-groups of Bentham and Hooker’s Lobelieae differ only 

in the character of the ‘corolla tube [being] entire or shortly split at the back’ (**, Table 

1.1) or the ‘corolla tube [being] split all the way to the base at the back [and the] staminal 

tube free or at the bottom adnate to the base of the corolla’ (***, Table 1.1).  Group ** is 

the largest group in their classification, containing just over half of all genera recognised 

by them.  Three of the genera were South and Central American entities that had been 

newly discovered in the decades since De Candolle had published: Burmeistera, 

Palmerella and Rhizocephalum.  One genus from California had a new name, Downingia, 

but was equivalent to the concept of the taxon that had been published as Clintonia by 

previous authors.  The other member of De Candolle’s tribe Clintonieae, Grammatotheca 

was incorporated as a sub-section of the genus Lobelia.  The species from De Candolle’s 

tribe Lysipomiae are also included in this second group; however Bentham and Hooker 

felt that the two groups recognised by De Candolle as sections within the genus 

Lysipomia were distinct enough to merit the rank of genus themselves, keeping the first 

section as Lysipomia and re-elevating the second section Hypsela to generic level.  They 
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felt that Hypsela warranted being put back at the rank of its own genus because they felt 

that it was not monospecific and it in fact represented a group of five similar species.  

This was based on their re-examination of the Pratia species published by Weddell 

several years previously in Chloris Andina.  They noticed, presumably on the basis of 

viewing the herbarium specimens, that the corolla tubes of the species were entire and 

that the type species of Pratia Weddel was synonymous with what was then known as 

Lysipomia reniformis, but had previously been known as Hypsela reniformis, so they 

transferred Weddel’s Pratia species to Hypsela.  The remaining five genera included in 

this second group were some of the larger well established genera that had kept the same 

name for a long time (Table 1.1). 

 Group *** (‘corolla tube split to base, filaments sometimes adnate to base of 

corolla’) of Bentham and Hooker contains only five genera, but accounts for all of the 

remaining species and genera of De Candolle not so far accounted for, mostly as sections 

of the genus Lobelia.  Two of the genera in this third group were newly created 

monospecific genera from remote islands, Colensoa of Hooker from New Zealand and 

Dialypetalum of Bentham from Madagascar.  The other three genera in this group were 

the Mexican Heterotoma of Zuccarini and forming the core of this group, Pratia and 

Lobelia.  By this point, Pratia was taken to include 15 species; this incorporated the 

Nepalese species which had been split off by De Candolle to Piddingtonia, but because of 

the lack of detail in this manuscript it is unclear whether or not this included some of the 

species that De Candolle had placed in Isolobus.  The remainder of the over 200 species 

published by previous authors that were not yet accounted for in this manuscript were all 

placed in Lobelia.  This included most of the species of the former genera Tupa, 

Rhynchopetalum, Holostigma, Monopsis, Dobrowskya, Parastranthus, Metzleria, 

Grammatotheca and Isolobus which had been listed by De Candolle.  Thankfully 

Bentham and Hooker followed the convention of previous authors by splitting the genus 

Lobelia into manageable groups based on shared morphological features, and they 

considered their genus Lobelia to be comprised of eight sections delimited chiefly on the 

characters of floral arrangement, corolla shape and anther ornamentation (and apparently 

geographic locality).  Despite some caveats (see discussion), they produced a 

classification that was useful to investigators of the time, and the sections of Lobelia as 
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they saw them are shown in Table 1.1.  Four of these sections, Trimeris, Tupa, Tylomium 

and Homochilus contain a relatively small number of species that originate from the same 

geographical area.  Trimeris had been treated by De Candolle as one of the 3 sections of 

Lobelia and accounted for a single species of shrub from St. Helena whose corolla started 

out entire, but developed a split through maturity.  Tupa had been treated as a distinct 

genus by De Candolle and was made up of now only about 8 species (they were unsure 

about the putative Peruvian species of Don which they had not seen) of racemose herbs 

from Chile whose corolla lobes remained stuck together at the tips for the majority of 

anthesis.  Tylomium had been treated as a section of genus Tupa by De Candolle and was 

made up of now about 16 species of racemose herbs from the Caribbean Islands which 

were similar in many ways to Tupa species.  Homochilus had been treated as the last of 

the three sections of Lobelia by De Candolle and accounted for 5 species of tall herbs 

from Central and South America whose flowers were borne on axillary peduncles.  

Sections Rhynchopetalum and Eulobelia also contain a relatively small number of 

species, but occurring in disparate geographical areas.  Eulobelia was a name new to 

Bentham and Hooker and accounted for about 7 species with flowers in loose bracteate 

racemes found in North America, Mexico and Northeast Asia.  Rhynchopetalum had 

been treated as a distinct monospecific genus by De Candolle, but was made up of now 

about 8 species which were apparently somewhat polymorphic, grading in between the 

characters of Tylomium and Eulobelia, that according to Bentham and Hooker was found 

‘all over on both sides of the world’, specifically South America, Africa and the Pacific 

Ocean.  None of these previously mentioned sections contained any species which were 

thought to occur in New Zealand.  Bentham and Hooker’s final two sections of Lobelia 

were called Hemipogon and Holopogon, names which had first been advanced by 

Bentham in his Flora Australiensis (Bentham and Mueller 1861).  Both of these sections 

accounted for somewhat polymorphic species in corolla shape and growth habit, and were 

delimited chiefly on the characters of anther ornamentation, with Hemipogon having only 

half of the anthers ornamented with an appendage (upper 3 nude, lower 2 with hairs or 

bristles) and Holopogon having all anthers ornamented with an appendage (hairs or 

bristles).  Hemipogon accounted for species from North America, South America, Africa 

(mainly South Africa) and Australasia, with 2 species in Europe and 3 or 4 in Asia 
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(mainly East Asia), and included the species which had been previously included in 

Holostigma.  All New Zealand species would appear to fall into the section Hemipogon.  

Holopogon accounted for species from Mexico (2), Asia (2), Africa (16) and Australia 

(9), and included species which had previously been regarded by De Candolle as 

belonging to the following distinct genera: Monopsis, Dobrowskya, Parastranthus, 

Metzleria, Grammatotheca and Isolobus. 

 By the beginning of the 1880s colonists had begun arriving in earnest to all parts 

of the country, and with the discovery of gold in the southern interior of the South Island, 

and the consequent development of the city of Dunedin, many more skilled botanists, 

both amateur and professional, began to scour the island looking at plants, revealing 

much new information.  In 1881 John Buchanan published an article in the Transactions 

of the New Zealand Institute (TNZI) where he presented the first illustration of Lobelia 

roughii along with more detailed information about its growth habit (Buchanan 1881). 

 Nine years later, Buchanan’s peer Donald Petrie published an article in the TNZI, 

changing the name of what Hooker had called Pratia linnaeoides to Lobelia linnaeoides.  

He based this on having collected the plant quite widely during which he had the 

opportunity to observe the fruit, whereas Hooker had not.  The status of the fruit as a dry 

bilocular capsule clearly placed this species in Lobelia and not Pratia according to the 

classification of the time (Petrie 1890). 

 Also around this time, in 1886, the distinctiveness of Colensoa (syn. Lobelia) 

physaloides began to be called into question with the discovery of a new species from 

Indonesia that exhibited characters in between Colensoa and the rest of the Pratia 

species.  This led Hemsley, the discoverer of the new species, to re-integrate Colensoa 

into Pratia and he suggested that Pratia could be further organized into three sub-genera 

to reflect the distinctiveness of species like Pratia (syn. Colensoa, Lobelia) physaloides 

(Hemsley 1886).  In the same year, JD Hooker also published an article on Colensoa 

where he remarked about its very close resemblance to Pratia, but he did not go as far as 

to merge the genera (Hooker 1886). 

 Despite the higher order classification changes effected by Bentham and Hooker, 

some investigators seemed to prefer De Candolle’s arrangement regarding further 

separation of the Lobelioid group that De Candolle thought should be its own family and 
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Bentham and Hooker thought should merely be a tribe.  It appears as though somewhat of 

a hybrid of the two was developed by those collaborating with Adolf Engler, Professor at 

the University of Berlin and director of the Berlin Botanical Garden.  Engler’s life’s work 

was the multi volume Die Naturlichen Pflanzenfamilien (published 1887-1915) which 

detailed what would become known as the ‘Engler System’ of plant taxonomy, and in 

those volumes he created one of the penultimate historical taxonomic classification 

systems for plants, revisiting the task attempted by Endlicher, De Candolle and Bentham 

and Hooker before him.  In the fourth volume of this series (1894), Schonland, a 

collaborator of Engler, proposed that the taxonomic group in question be treated as 

subfamily Lobelioideae within the family Campanulaceae (Engler and Prantl 1894). 

 

 

The Contributions of Thomas Frederick Cheeseman (1900-1930) 
 

 By the turn of the century, so much new information had been gathered about 

New Zealand plants that it was necessary to revise and update the flora.  This task fell to 

TF Cheeseman, the then curator of the Auckland Museum, and in 1906 he published the 

Manual of the New Zealand Flora.  This publication recognised and clarified details 

about the known species of the time, and was the first source to indicate that Isotoma 

fluviatilis occurs in New Zealand and that the fruit of Pratia (syn. Lobelia) macrodon is a 

berry (Cheeseman 1906).  Cheeseman reiterated that Pratia (syn. Lobelia) angulata was a 

very variable species, and he only went so far as to recognize var. arenaria as a distinct 

subgroup but found that specimens of this taxon were also present on Antipodes Island, 

Chatham Island and the extreme south of the South Island as well as on the Auckland 

Islands.  He also commented that Pratia (syn. Lobelia) perpusilla is often hairy, was so 

far only known from the North Island, and that as yet no one had ever seen its fruit.  He 

describes Pratia (syn. Lobelia) macrodon along the same lines as previous investigators, 

mentioning the swollen base and the sweet scent, but he also reports for the first time in 

this volume that the fruit is a globose berry, a conclusion later found to be incorrect.  

Cheeseman also incorporated Lobelia linnaeoides as recognized by Petrie several years 

earlier, and reiterated the established characteristics of Lobelia roughii mentioning the 
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elongation of the peduncles as the fruit ripens and making special note of additional 

splitting of the corolla down the sides, intimating that he felt this feature clearly 

distinguished it from other related species.  He also reiterated the established 

characteristics of Lobelia anceps, and extended the knowledge of its range to as far south 

as Oamaru and Okarito.  But, the most significant contribution of this volume was the 

recognition of yet another new species found throughout the South Island, which 

Cheeseman felt fit the description of the Australian species Isotoma fluviatilis (another 

conclusion which later turned out to be incorrect, now recognised as Lobelia fatiscens). 

 By 1909, reports were starting to come in from botanical field expeditions to New 

Zealand’s outlying islands.  Leonard Cockayne noted the presence of Pratia (syn. 

Lobelia) angulata in his report on the botany of Stewart Island (Cockayne 1909a), and in 

Chas Chilton’s volumes The Subantarctic Islands of New Zealand, relating the results of 

an expedition that had taken place in 1907, both Cheeseman and Cockayne made 

observations about Pratia (syn. Lobelia) arenaria.  Cockayne commented on material 

from the Chatham Islands saying that, ‘the specific name is quite misleading as… it is 

found in both wet and dry stations’ (Cockayne 1909b), and Cheeseman declared that it 

was ‘differ[ent] from all the forms of P. angulata in the … habit, larger obscurely toothed 

sessile leaves and short peduncles’ and therefore reinstated it as a species, also adding 

Campbell Island to its list of known localities (Cheeseman 1909). 

 In 1914, Cheeseman published his Illustrations of the New Zealand Flora, a 

companion volume to his Manual filled with beautifully illustrated colour plates.  In this 

volume he had two plates devoted to Lobelioids, Plate 119 depicting Colensoa (syn. 

Lobelia) physaloides and Plate 120 depicting Pratia (syn. Lobelia) macrodon and Lobelia 

roughii.  In the text accompanying the plate of Colensoa (syn. Lobelia) physaloides, 

Cheeseman relates the details of how it was discovered and the discussion that had 

occurred up to that point about its proper name (Cheeseman 1914).  He noted, as he had 

in the Manual, that besides the woody growth habit, it is ‘essentially a giant Pratia’, but 

he still felt that Colenso ‘deserved a genus named after him’ and he retained the name 

Colensoa, even though the literature clearly stated that Colensoa had been absorbed into 

Pratia by Hemsley.  This was the first of many instances name changes within the 

Lobelioideae not being universally accepted by New Zealand botanists. 
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 In 1925, Cheeseman along with Walter (WRB) Oliver published the expanded 

and updated second edition of his Manual of the New Zealand Flora, which was largely a 

reprint of the text of the 1906 first edition, but had some interesting, although not 

groundbreaking, contributions to add with respect to the Lobelioideae.  He re-published 

his elevation of Pratia (syn. Lobelia) arenaria to species level and he noted that Pratia 

(syn. Lobelia) angulata was the ‘commonest species of the genus in New Zealand, almost 

universally distributed in moist sheltered situations’, an anecdote that was probably 

becoming widely known among botanists at the time, but was formalized here for the first 

time and still is widely known today, in some cases creating confusion among non-

experts.  He also added two South Island locations to the list of localities for Pratia (syn. 

Lobelia) perpusilla, although he had not actually seen the specimens himself, and still no 

one had ever seen the fruit.  Additionally he added localities for Pratia (syn. Lobelia) 

macrodon, Lobelia roughii and Isotoma fluviatilis, but no new morphological information 

(Cheeseman and Oliver 1925). 

 Five years later, Carse reported a new variety of Pratia (syn. Lobelia) angulata 

that he called ‘var. minor’ from the Waimarino Plain in the North Island, delimited from 

the other varieties by its slender stems and smaller flowers and fruits, but his description 

is not detailed enough to discern if he is in fact describing Pratia (syn. Lobelia) angulata 

or another species (Carse 1930). 

 

 

The contributions of F E Wimmer (1930-1950) 
 

 With the outbreak of World War 2 botanical exploration and discovery waned as 

the greatest scientific minds on both sides of the conflict were either engaged in combat 

or had their energy turned toward other wartime activity, but in 1942 Simpson and Scott-

Thompson managed to file a report with the Royal Society of New Zealand that 

purported to report observations of the fruit of Pratia (syn. Lobelia) perpusilla for the 

very first time.  They said it was a globose, green, indehiscent berry about 3mm in 

diameter that was crowned by long calyx lobes and covered in bristly hairs.  Their 
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description was based on plants they had grown in Wellington that had been collected 

from the Otago Peninsula (Simpson and Scott-Thompson 1942). 

 As World War 2 came to an end, the re-opening up of scientific channels made 

way for the ushering in of the modern era of plant taxonomy, and that time saw the 

publication of the first modern volume to attempt to come to grips with the organization 

of the subfamily Lobelioideae as a whole, and make sense of the various names and 

justifications for delimiting groups that had been developed up to that time.  It was the 

first time anyone had attempted to do so for over 50 years, and many new genera and 

species had been discovered in the meantime.  While Engler’s Pflanzenfamilien only 

concentrated on the higher order taxonomic classification of plant families, when he was 

completing the series he set to the task of creating an up-to-date catalogue of all known 

plant species arranged hierarchically according to the natural system, as had been 

attempted by De Candolle.  This work would become the multi volume Das 

Pflanzenreich (published 1900-1968), but unfortunately Engler died before he could 

complete the task, and finishing off the groups he had not yet classified fell to other 

collaborating authors.  Still, such a task proved insurmountable even with the assistance 

of posthumous collaborators, and the series was never finished.  Fortunately, the last 

volumes published in the series (volumes 106, 107 and 108) were the volumes authored 

beginning in the 1940’s by the collaborator F. E. Wimmer detailing the Campanulaceae-

Lobelioideae (Wimmer 1943, 1953, Wimmer and Stubbe 1968).  Unfortunately, during 

the war, horrific atrocities against repositories of scientific knowledge and invaluable 

collections of specimens had occurred on both sides, and due to the breakdown of 

scientific communication between investigators based in axis and allied countries, the 

volume ultimately produced was not as robust as it otherwise could have been and was 

subject to numerous delays, although it was amazingly comprehensive given the 

circumstances. 

 In the Pflanzenreich, Wimmer made several statements that were of significance 

to New Zealand Lobelioideae.  For most species he reiterated the established characters, 

appearing to essentially reprint Cheeseman’s descriptions verbatim, but he did add some 

important new information for some species.  He was also conflicted about what 

characters to use to effect the highest order separation of the subfamily Lobelioideae into 
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tribes, but he settled on the character of fruit dehiscence because he felt that it was the 

only character which could split the family into roughly equal groups and also be of 

practical use to investigators in the field and the herbarium.  He split the family into two 

tribes creating a classification that more closely reflected that of De Candolle than that of 

Bentham and Hooker.  The first tribe was Delissieae, species with indehiscent fruits 

(virtually agreeing with De Candolle’s concept), and the second was Lobelieae, species 

with dehiscent fruits (encompassing the members of De Candolle’s other three tribes; 

Lobelieae, Lysipomiae and Clintonieae).  One very useful difference between the 

classifications of Wimmer and De Candolle is that Wimmer splits the tribe Delissieae 

into two further sub-tribes on the basis of floral arrangement.  The first sub-tribe, 

Cyaneinae was comprised of the four Hawaiian genera of Gaudichaud, which had been 

determined by Bentham and Hooker to include Presls’ genus Macrochilus, and which De 

Candolle had also included in Delisseaceae (Table 1.1).  The second sub-tribe, 

Burmeisterinae was comprised of the remaining genera from De Candolle’s Delisseaceae, 

Centropogon and Pratia (with the single Piddingtonia species re-merged into this genus), 

along with the genera Hypsela and Burmeistera which were not recognised by and not 

known to De Candolle respectively, but had been placed in the second sub-group of 

Lobelieae by Bentham and Hooker (De Candolle treated Hypsela as a monospecific 

section of genus Lysipomia and Burmeistera had not yet been discovered).  Wimmer 

divided Pratia into two sections, Pratia (originally Eupratia) made up of small creeping 

herbs and Colensoa containing much larger erect herbs.  Section Colensoa was named for 

the monospecific New Zealand genus which it absorbed along with other species, causing 

the name of the New Zealand species Colensoa physaloides to change to Pratia 

physaloides (syn. Lobelia physaloides).  Pratia already had four species treated as 

occurring in New Zealand, and Wimmer reproduced the records for these, except he 

treated Pratia (syn. Lobelia) arenaria as merely a variety of Pratia (syn. Lobelia) 

angulata.  For Pratia (syn. Lobelia) perpusilla he left out the South Island localities, 

presumably because Cheeseman hadn’t actually seen the specimens and he himself 

wasn’t able to borrow them.  Also he made no mention of the fruit even though it had 

been ‘discovered’ a year earlier, presumably because the war prevented him from reading 

the Royal Society Transactions in 1942.  For Pratia (syn. Lobelia) angulata, he made 
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another attempt at splitting the species into varieties, and listed three, reducing Pratia 

(syn. Lobelia) arenaria to var. arenaria, including the var. minor of Carse, and adding 

his own var. obovata.  Hypsela as recognised by Wimmer accounted for 4 species, 

including one which occurred in New Zealand that had been newly recognised by him on 

the basis of a re-examination of historical herbarium specimens which he called Hypsela 

rivalis, and this was perhaps the most significant contribution of Wimmer’s volumes to 

the knowledge of New Zealand Lobelioideae.  The description of this species is very 

similar to Cheeseman’s description of Isotoma fluviatilis, and Wimmer comments at the 

end of his entry that it is a ‘species very similar in habit to Laurentia (syn. Isotoma) 

fluviatilis’ and can really only be distinguished in the presence of fruit.  Additionally, 

Wimmer’s Tribe Delissieae sub-tribe Burmeisterinae includes one further monospecific 

genus which had only recently been discovered at that time, Cyrtandroidea from 

Polynesia. 

 Wimmer’s other tribe within the Lobelioideae, Lobelieae, accounts for all the 

remaining species that had been placed in Lobeliaceae/Lobelieae by previous authors, 

along with several newly discovered genera/species.  The larger of the two tribes, 

Wimmer splits Lobelieae into nine sub-tribes (Table 1.1) delimited firstly on the basis of 

mode of dehiscence and locule number, and secondarily on the basis of corolla 

characters, the size of dehiscence openings, growth habit and floral display.  Five of the 

nine sub-tribes are monogeneric, with many of these genera being monospecific or 

containing very few species.  The recently described genus Phyllocharis was made up of 

three species of low growing herbs with epiphyllous flowers found in New Guinea.  The 

genus Legenere was a genus of two species (from Chile and California) with two-valved 

but unilocular capsules which had only just been described (on the basis of already 

known but improperly classified species of Metzleria (Lobelia) and Howellia) at the same 

time Wimmer was preparing his manuscript.  The genus Unigenes was a newly created 

monospecific genus by Wimmer describing a plant from South Africa with a two-valved 

but unilocular capsule that bears only one seed, and that had previously been classified in 

Metzleria (Lobelia).  The genus Apetahia was a genus of three species of short trees and 

shrubs from Polynesia which Wimmer himself noted was ‘not sufficiently known’.  And 

the one species of the genus Brighamia, which Bentham and Hooker had grouped with 
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the other Hawaiian genera of Gaudichaud (Delisseaceae), was also assigned to its own 

sub-tribe.  Three of the nine sub-tribes contain only two or three genera, with several of 

these also being monospecific.  Sub-tribe Howelliinae was made up of three genera with 

bilocular or unilocular capsules that dehisce by cracks on the side: Downingia, a genus of 

now 11 species from western North America that had been recognised as synonymous 

with Clintonia and placed in the second sub-group of Lobelieae by Bentham and Hooker; 

Howellia, a recently discovered monospecific genus from Oregon (also NW America); 

and Dielsantha, a monospecific genus newly created by Wimmer accounting for a species 

from tropical Africa.  Sub-tribe Lysipomiinae was made up of two genera from South 

America with unilocular capsules opening by an umbonate operculum: Lysipomia, a 

genus of now 19 species that had been assigned to its own tribe by De Candolle (based on 

mode of dehiscence) and had been placed in the second sub-group of Lobelieae by 

Bentham and Hooker, and Dominella, a monospecific genus newly created by Wimmer, 

accounting for a species newly described by him based on an old herbarium specimen 

from South America.  Sub-tribe Sclerothecinae is made up of two genera of shrubs or 

trees with hardened capsules: Sclerotheca, a genus of now four species from Polynesia 

whose type species had been provisionally placed in the genus Delissea by the Presls and 

Endlicher in the absence of information about the fruit, had been placed in tribe Lobelieae 

by De Candolle, and in the second sub-section of Lobelieae by Bentham and Hooker; and 

Trematolobelia, a recently erected monospecific genus accounting for a single species 

from Hawaii that had been treated as a Lobelia by previous authors (Table 1.1). 

 Within Wimmer’s tribe Lobelieae, only the largest sub-tribe, Siphocampylinae, 

contains species and genera thought to be represented in New Zealand.  The sub-tribe is 

further divided into three ramii (singular: ramus) on the basis of corolla tube characters 

(Table 1.1), and the most distinct of these three groups is ramus Cherosiphon, 

characterised by plants with hardly any or no corolla tube.  Ramus Cherosiphon is 

monogeneric, containing only the genus Dialypetalum, a genus of now five species and 

one hybrid from Madagascar that had been placed in the third sub-group of Lobelieae by 

Bentham and Hooker.  The other two groups, Eusiphon and Schizosiphon, are seen as 

being more closely related by Wimmer in that their species possess conspicuous corolla 

tubes, but are distinguished from each other on the basis of whether the corolla tube is 
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entire (Eusiphon), or split at the back (Schizosiphon).  Ramus Eusiphon contains three 

genera (Table 1.1).  Siphocampylus was a well established genus of now 214 species of 

robust herbs, shrubs and sub-shrubs from South and Central America that De Candolle 

had placed in tribe Lobelieae and Bentham and Hooker had placed in the second sub-

group of Lobelieae.  Diastatea was a recently accepted genus of seven species of slender 

herbs with superior ovaries also from Central and South America whose type species had 

started out as a Lobelia and had most recently been considered a Laurentia.  Wimmer’s 

concept of the genus Laurentia, the final genus included in ramus Eusiphion, 

incorporated 25 species of slender herbs with inferior ovaries, which were scattered all 

over the globe, and included all species that had been previously treated as belonging to 

the genus Isotoma.  The genus was further divided into three subgenera on the basis of 

fusion between the filaments and the corolla tube.  The first subgenus, Solenopsis, 

included 13 species from the Mediterranean (3), North America (2) and South Africa (8), 

and was considered the most distinct of the three in that all filaments were free from the 

corolla tube.  The other two subgenera, Palmerella and Isotoma, were thought to be more 

closely related as their species both had at least some filaments fused to the inside of the 

corolla tube.  Palmerella was a monospecific section, accounting for a single species from 

California, recognised as different from the remaining species in section Isotoma in that 

only two filaments, and not all, were fused to the inside of the corolla tube.  The final 

section, Isotoma, species with all five filaments fused to the inside of the corolla tube, 

included 11 species which are almost exclusively Australian.  One species was thought to 

also be present in New Zealand (now recognised as a misidentified, distinct species), and 

one species, Laurentia longiflora, was listed as occurring in North, South and Central 

America and throughout the Asia-Pacific region (Hawaii, Polynesia, Malaysia, Indonesia, 

Sri Lanka and Madagascar).  The species that Wimmer treated as present in New Zealand 

was Laurentia (syn. Isotoma) fluviatilis, which Cheeseman had first regarded as 

occurring here.  He split the species into three varieties, indicating that the New Zealand 

taxon was Laurentia fluviatilis var. fluviatilis even though he had never seen any of the 

relevant New Zealand specimens, thereby continuing an unfortunate history of 

overlooking the unique nature of this taxon because of incomplete comparison with the 

Australian material. 
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 Ramus Schizosiphon contains four genera (Table 1.1).  Grammatotheca was a 

monospecific genus (Wimmer treated all five original species of the Presls as 

synonymous) containing a species with sessile flowers and siliqua-shaped capsules from 

South Africa and Australia that had been recognised by previous authors (as recently as 

De Candolle) but had been merged into Lobelia section Holopogon by Bentham and 

Hooker.  Monopsis was a genus of 16 species with thread-like, helical stigma lobes also 

from Africa and Australia (predominantly South Africa), which Wimmer further divided 

into three subgenera, Eumonopsis, Dobrowskya and Parastranthus, on the basis of corolla 

shape.  All three names, Monopsis, Dobrowskya and Parastranthus had historically been 

treated as their own genera by various authors (all still recognised as distinct genera by 

De Candolle), but had also been merged into the genus Lobelia section Holopogon by 

Bentham and Hooker.  Heterotoma was a well established genus of now 11 species with 

spurred corollas and irregular calyx limbs from Central America (mostly centred around 

Mexico) that both De Candolle and Bentham and Hooker had placed in groups that 

recognised it as very closely related to the genus Lobelia, only differing in the presence 

of the spurred corollas and irregular calyx limbs (Table 1.1). 

 The remaining over 370 species that belonged to groups recognised as having 

affinities with other Lobelioideae were all placed in the genus Lobelia by Wimmer.  He 

further divided Lobelia into 3 subgenera, Lobelia (251, originally Lagotis), Mezleria (8), 

and Tupa (112), on the basis of growth habit, corolla shape and anther ornamentation.  

Tupa accounted for 105 species of robust herbs, sub-shrubs and shrubs (excepting section 

Isolobus) with often large unilabiate or sublabiate corollas having more or less equal 

sized lobes that sometimes stick together at the tips after anthesis and was further divided 

into 6 sections, chiefly on the basis of corolla shape (Table 1.1).  Section Isolobus was 

made up of only 2 species of low growing herbs, one from Asia, one from Africa, which 

didn’t really fit with the rest of the species included in this sub-genus, but Wimmer didn’t 

feel were distinct enough to warrant being placed in their own sub-genus.  Section Tupa 

(originally Eutupa) accounted for 69 annual or biennial species from Africa, Asia, Central 

and South America with large unilabiate corollas whose lobe apices stuck together for a 

long time during anthesis.  Section Rhynchopetalum was made up of 19 monocarpic 

species from tropical Africa with large unilabiate corollas, whose lobe apices also 
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sometimes remained stuck together, and which had somewhat woody stems.  Section 

Homochilus accounted for 6 species of herbs and shrubs from Central and South America 

with large more or less bilabiate corollas and straight corolla tubes whose apices of the 

lower 3 lobes sometimes remained stuck together during anthesis.  The remaining two 

sections, Revolutella and Galeatella, were made up of 10 and 2 species respectively of 

herbs and shrubs from Hawaii with large, more or less bilabiate corollas, and corolla 

tubes that were not straight and whose apices of the lower 3 lobes sometimes also 

remained stuck together during anthesis.  Revolutella species were distinguished from 

Galeatella species in that some or all of their corolla lobes exhibit helical twists.  

Wimmer’s smallest subgenus of Lobelia, Mezleria, accounted for only 8 species of weak 

annual herbs and slender shrubs with ornamentation only on the lower two anthers (or 

none) and sublabiate corollas having more or less equal sized lobes of which the upper 

two are free or nearly free from the others.  Sub-genus Mezleria was further divided into 

2 sections, on the basis of anther ornamentation and growth habit (Table 1.1).  Mezleria 

(originally Eumezleria) was made up of 7 species from South Africa with ornamentation 

on the lower 2 anthers and prostrate or decumbent stems, while Paramezleria accounted 

for only a single species from New Zealand with no anther ornamentation and erect 

stems, Lobelia roughii.  Wimmer split this species into two varieties.  The first one, var. 

roughii was identical to Cheeseman’s text and the second one var. alces seemed to be 

based on specimens from a collector called Bastion. 

 The largest sub-genus of Wimmer’s Lobelia and the one that contains the 

remaining species thought to be present in New Zealand, also called Lobelia (originally 

Lagotis), accounted for the remaining over 250 species of weak annual herbs and slender 

shrubs from all over the world with distinctly bilabiate corollas, possessing a larger lower 

lip and ornamentation on at least the lower 2 anthers.  This sub-genus was further divided 

by Wimmer into 2 sections, on the basis of only the lower 2, or all, anthers possessing 

ornamentation, following the convention established by Bentham (Table 1.1).  Section 

Holopogon was made up of about 70 species with ornamentation on all five anthers, and 

was further divided into 2 sub-sections, Cryptostemon and Delostemon on the basis of the 

appearance of the anther column.  Cryptostemon accounted for 7 species from Central 

and South America who had short anther columns that were not visible from the outside 
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of the corolla tube, while Delostemon was made up of the remaining about 63 species 

from all over the world which had longer anther columns that could be seen popping out 

of the rear fissure of the corolla tube.  Delostemon was further divided into 3 grecii 

(singular grex), on the basis of corolla lobe shape and floral arrangement (Table 1.1).  

Grex Impares accounted for 13 species from Australia whose lower 3 corolla lobes were 

of unequal size, with the middle lobe being longer and wider than the others.  Grex 

Gratioloides and Grex Genistioides were made up of the remaining 15 and 36 species 

respectively whose lower 3 corolla lobes were essentially equal.  They were distinguished 

from one another in that members of Genistioides had flowers in racemes borne on 

distinct peduncles and were found only in Africa and members of Gratioloides apparently 

had solitary axillary flowers or some other arrangement and were found in Asia, Africa 

and South America. 

 The remaining about 180 species, roughly half of all species in the genus, were 

considered by Wimmer to belong to the other section of sub-genus Lobelia (Lagotis), 

again also called Lobelia (originally Hemipogon), which contained species with 

ornamentation on only the lower 2 anthers, including 2 species thought to be present in 

New Zealand.  Section Lobelia (Hemipogon) was also further divided into 2 sub-sections, 

Trachyspermae and Leiospermae, on the basis of seed texture and geographic 

distribution.  Sub-section Trachyspermae accounted for 25 species with rough textured 

seeds, all from North America (with one species also occurring in Northern Europe), and 

was further divided into 2 grecii (singular grex), on the basis of flower colour and growth 

habit.  Sub-section Leiospermae was made up of the remaining about 155 species from all 

over the world with smooth textured seeds, and was further divided into 5 grecii, on the 

basis of sexual status, floral arrangement, leaf characters and stem characters (Table 1.1).  

Grex Dioicae accounted for only 3 species of slender herbs from Australia with dioecious 

flowers that were recognised by Wimmer to appear similar to species of Pratia in that 

they were small ground growing herbs with dioecious or half-dioecious flowers (a 

character that had been recognised in some Pratia species by Bentham and Hooker).  

Grex Subspicatae was made up of 10 species of mostly erect herbs from all over the 

world whose flowers were arranged in spike-shaped racemes.  Grex Rosulatae accounted 

for 13 species of leafless or rostulate plants from Central America and Africa with 
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racemose or solitary axillary flowers.  Grex Pterocaulinae was made up of 11 species of 

erect or decumbent herbs from Africa, Asia, Oceania and South America with winged 

stems and racemose or solitary axillary flowers.  Wimmer placed the species Lobelia 

anceps in this group, but he considered this species to only occur in Africa, and he treated 

the New Zealand specimens that had previously been recognised as L. anceps as 

belonging to the closely related species Lobelia alata (also in Grex Pterocaulinae), which 

was distributed throughout South Africa, Australia, New Zealand and Chile. He described 

Lobelia alata as having 5 subsidiary varieties, only one of which, L. alata var. alata, 

included the New Zealand material. 

 The remaining about 120 species of low-growing or erect herbs from all over the 

world whose stems were angular or circular in cross section and possessed long-

pedicelled, racemose or solitary axillary flowers, were placed by Wimmer in Grex 

Eriniformes.  He also explained that because of the large number of species he separated 

the grex into 6 smaller series, on the basis of growth habit, leaf characters, overall size 

and corolla size (Table 1.1), but he noted that they were quite difficult to distinguish from 

one another.  He also remarked that the floral, vegetative and habit characters for many 

species were not known, and suggested that investigators trying to use his text to identify 

species should have a thorough look at all six series.  Prostratae, Latifoliae and 

Angustifoliae were the largest series, each containing around 30-40 species, with 

Latifoliae and Angustifoliae considered most closely related, accounting for procumbent 

and erect herbs with smaller flowers that differed from one another only in leaf shape.  

Prostratae was made up of low-growing, creeping and rooting herbs that often grew in 

tufts or patches, and included the New Zealand species Lobelia linnaeoides.  In the entry 

for Lobelia linnaeoides, Wimmer mentioned that this species was also supposedly present 

in Papua New Guinea. 

Despite Wimmer’s best efforts, other investigators began to realise that his 

classification was somewhat artificial and it was inevitable that significant changes would 

be made.  At around the same time that Wimmer was preparing to publish his first 

volume, Rogers McVaugh, an American botanist, was investigating the genus Laurentia 

in North America, and remarked that he felt the character of a split or entire corolla tube, 

which had been used to separate Laurentia and Lobelia, was not of generic value as 
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numerous species of Lobelia had since been recognised which had entire or only partially 

split corollas.  McVaugh merged Laurentia into Lobelia section Isotoma R. Brown, 

including publishing a valid description (McVaugh 1940), but it seems as though 

Wimmer did not agree, and this nomenclatural change appears to have been 

overshadowed by the concurrent publication of Das Pflanzenreich.  Furthermore, only a 

few decades later, Ronald Melville, a researcher at Kew Gardens, actually suggested re-

erecting Isotoma as its own distinct genus (Melville 1960), and this may have affected the 

attitudes of contemporary botanists of the time toward using the name Laurentia, 

especially in Australia.  He noticed that when several outlying species were removed, the 

core Australian members of the former genus Isotoma all possessed a unique pollination 

mechanism that was so highly evolved as to almost certainly have arisen in a common 

ancestor.  To him this dictated that the pollination mechanism was a character of generic 

significance, and he felt the group deserved elevation to such status.  He also pointed out 

that the characters of seed surface and shape which had been used to some degree by 

McVaugh and Wimmer were variable within Isotoma, and he therefore felt that his 

character was not of generic value (Melville 1960).  Melville’s contention about the lack 

of value of seed coat morphology would be strongly contested by contemporary 

investigators. 

 

 

The contributions of Harry Howard Allan (1950-1960) 
 

 At the same time as Wimmer’s volumes were being initially published, but were 

still unavailable in allied countries, H. H. Allan was undertaking investigations for his 

completely updated Flora of New Zealand.  But due to delays in publication and the 

breakdown of scientific communication during the War, Wimmer’s findings would not 

have been readily available to Allan and his team at the time of preparation of Volume 

One of the Flora of New Zealand.  Allan’s descriptions of about half the New Zealand 

Lobelioideae for the most part follows Cheeseman, but he also added several interesting 

notes, and the supplement, prepared by Lucy Moore further mentions the Lobelioideae 

(Allan 1961).  In Allan’s description of Pratia (syn. Lobelia) angulata he mentioned that 
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he had only given a generalised description, but that the species was very polymorphic 

and plastic, there was evidence that it hybridized with Pratia (syn. Lobelia) perpusilla, 

and that specimens of Isotoma fluviatilis (syn. Lobelia fatiscens) had often been mistaken 

for it in NZ herbaria.  He was reluctant to make any statements about further delimiting 

new species within what had been treated as P. (syn. Lobelia) angulata, because he had 

not seen the relevant herbarium specimens of some key morphological sub-groups (Allan 

1961).  But he did note that the species, as it was currently understood, could be 

provisionally separated into three varieties.  With regard to Pratia (syn. Lobelia) 

arenaria, Allan followed Cheeseman (contradicting Wimmer), and in a footnote 

expanded the species range to include Campbell Island based on the reports of Sorensen 

and Oliver (1951).  Unlike previous investigators, Allan recognized that Pratia (syn. 

Lobelia) perpusilla occurred throughout both islands, and made some key comments 

about this species which up to this point was poorly known (see Chapter 5).  With regard 

to Pratia (syn. Lobelia) macrodon, Allan relates similar details to those established by 

Cheeseman, but added several remarks which were of later consequence, including his 

observation that the species as it was recognised then, was according to him 'A somewhat 

plastic species, varying in size according to habitat'.  The example he gave as his 

justification for this statement was herbarium specimens he had examined from the Old 

Man Range (Central Otago) that had considerably smaller fruits and leaves (this taxon 

would later be recognised as Lobelia glaberrima).  Allan's descriptions for Lobelia 

anceps, L. linnaeoides and L. roughii are essentially restatements of Cheeseman's, and 

Allan retained the name L. anceps, contrary to Wimmer's change to L. alata several years 

previous (but Allan was possibly unaware of Wimmer's work).   

The most notable feature of Allan (1961) with regard to New Zealand 

Lobelioideae is his treatment of Isotoma fluviatilis (now Lobelia fatiscens) and Hypsela 

rivalis (syn. Lobelia ionantha), which has likely caused confusion for interested 

investigators ever since.  Initially, it presents a description of I. fluviatilis in the main 

body of the text that is essentially the same as Cheeseman's, and there is no mention of H. 

rivalis.  Wimmer’s addition of Hypsela as a genus present in New Zealand is only 

attended to in the supplemental notes at the end of the Flora, which were prepared after 

Allan’s death in 1957.  What seems to have happened here is that, as previously 
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mentioned, due to the difficulties imposed on scientific communication during the war, 

Allan was not actually aware of Wimmer's work and did not include Hypsela in the main 

text.  Lucy Moore, H.H. Allan’s assistant at the time of his death kept up the work of the 

Flora, seeing it through to publication, and must have seen Wimmer's work after it finally 

became available to the wider public in 1956.  Instead of rewriting the entire Flora to 

keep up with ever changing taxonomy, Moore incorporated changes and new information 

that had come to light in the time leading up to publication as a series of supplementary 

notes at the end of the volume.  Her notes include Wimmer's description of Hypsela and 

she also incorporates the genus into the key structure of the Flora.  Moore also more 

extensively described the fruit of Hypsela rivalis and noted that this is really the only 

difference between it and Isotoma fluviatilis.  Her further comments suggest she was 

beginning to recognise some inconsistencies in how New Zealand Lobelioids had 

historically been described, and doubted whether Isotoma fluviatilis actually occurred in 

New Zealand (see below). 

Lucy Moore also took the opportunity in the Flora's supplementary notes to 

address a few other inconsistencies between the work of Wimmer and Allan.  With regard 

to L. anceps/L. alata she noted that as Wimmer applied the names, L. anceps should only 

apply to specimens from Africa and South America, but that the two species were only 

separated on some superficial leaf characters and that some varieties of each species, as 

described by Wimmer, could fit the description of either.  This accords well with 

observations of other New Zealand botanists that this species (or these species) is (are) 

highly plastic and should probably be regarded as one species.  Indeed Allan had noted as 

much in his original entry for the species in the main body of the Flora.  She also noted 

the putative presence of L. linnaeoides in Papua New Guinea, which now to my 

understanding has been recognised as a different species (Webb et al. 1988). 
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Jen A McComb and Lucy B Moore (1960-1980) 
 

 Lucy Moore’s suspicion that the Australian species Isotoma fluviatilis did not 

exist in NZ sat well with Australian and New Zealand botanists who had seen both 

species and thought that they weren't quite the same, setting off a chain of events which, 

for a time, would see this species completely expunged from the list of recognised New 

Zealand taxa (only later to be resurrected).  A key investigation supporting the non-

existence of Isotoma in New Zealand (temporarily) was the PhD investigations in the mid 

to late 1960s of the Australian botanist Jen McComb, and her correspondence during the 

course of her study with Lucy Moore.  McComb was preparing a PhD thesis on 'Sexuality 

and Polyploidy in Isotoma fluviatilis' at the University of Western Australia, and while 

having completed all of her field work in New South Wales, she felt that she must also 

examine New Zealand Isotoma material.  In her thesis, McComb related the story of the 

NZ Isotoma up to that point.  She identified that a New Zealand species was originally 

attributed to Isotoma by Cheeseman in 1906, and that Wimmer perpetuated this 

identification in the Pflanzenreich without ever actually having seen the NZ specimens.  

Allan, in the Flora of NZ, initially placed NZ species in Isotoma fluviatilis, following 

Cheeseman, but before the Flora was published, Lucy Moore, having read Wimmer's 

newly published manuscript, compared NZ material with material of Isotoma fluviatilis 

from NSW (the type locality) and noticed that the NSW specimens had capsular fruit 

with two well defined valves in the convex apex of the ovary, but that the NZ specimens 

had ‘indehiscent fruits which were sub-globose to ovoid with the top of the ovary narrow 

and flat within the calyx lobes, and the seeds only escaping after disintegration of the thin 

walls’.  She also noted that NZ material differed in that the vegetative parts, receptacle 

and inner surface of the corolla were glabrous.  This caused Moore to re-attribute all NZ 

species in question to Hypsela rivalis (syn. Lobelia ionantha) the new species endemic to 

NZ that had only just been erected by Wimmer, which in turn caused material which was 

previously thought to be the same species to be placed into different Tribes within the 

family (McComb 1968).  Hypsela is in tribe Delissieae which has indehiscent berried 

fruits, and Isotoma is in tribe Lobelieae which has dehiscent capsular fruit.  In her study, 

McComb actually compared a range of herbarium material of both species and found that 
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the fruits were indeed different, but that under certain conditions the Australian Isotoma 

fluviatilis can release its seeds by disintegration of the wall, particularly when the 

peduncle turns downward and the fruit buries itself, as had been occasionally observed 

(J.A. McComb, pers. Comm.).  She also noted that some of the other differences put forth 

by Allan, Moore and Wimmer to differentiate the species are not consistent, and that on 

the whole the two species have quite a few morphological similarities.  She mentioned 

that H. rivalis (syn. Lobelia ionantha) was not exclusively glabrous on floral and 

vegetative parts, and she said that the morphologies of H. rivalis and the diploid 

hermaphrodite I. fluviatilis are very similar in that the mature leaves of both species are 

polymorphic, and the size of leaves, the length of peduncles, length of corolla and flower 

colour are all very similar.  Having spoken with McComb, it is clear to this author that 

the herbarium specimens she was viewing way back then actually included material from 

at least two different species (The current Lobelia fatiscens and L. ionantha and maybe 

also L. carens), them having all been redetermined as Hypsela rivalis a few years 

previously by Lucy Moore in accordance with her findings during the preparation of the 

Flora (all CHR: 63039, 87516, 131769, 87519, 65673, 79413, 87515, 167660, 95809, 

96494, 95757, 95752, 112255, 81663, 81285, 81066, 81228, 149268, 92366, 126690, 

171643, 153119, 10595, 76665 and CANU: 65143, 67223).  McComb also noted that the 

species’ habitat is similar in that they are mostly confined to swampy/montane places, 

and she has a good comparative illustration of the fruits of both species (McComb 1968, 

figure 7-2, p255) and a table of morphological character comparisons (McComb 1968, 

table 7-2, p256) between the two species.  She summed up by saying that the two species 

are very similar in morphology, cytology and habitat preference and it is reasonable to 

suggest that they have had a recent common ancestor (as they now indeed appear to), but 

notes that if you believe Wimmer’s classification, then they are quite evolutionarily 

separate and the similarities must be regarded as convergent evolution (McComb 1968). 

This discrepancy begs some very reasonable questions to ask, and McComb 

certainly seemed to think this revelation was of greater significance to the wider 

investigations of the whole Lobeliaceae family/Lobelioideae subfamily, as she titled 

section 7-4 of her thesis 'The validity of the primary division of the family Lobeliaceae 

on the basis of fruit characters'.  In this section, she related, as we have seen, that the 
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family was originally divided by De Candolle into two tribes based on the fruit either 

being dehiscent and the top of the ovary domed (Lobelieae), or indehiscent and the top of 

the ovary flat (Delissieae), and that this was followed by Wimmer in the Pflanzenreich.  

She remarked again that this did not fit with the morphology of species that were quite 

reasonably thought to be closely related, so there must have either been convergent 

evolution, or the classification does not reflect phylogeny, and this led her to make some 

general remarks about fruits in Lobelioideae.  She said that in the original description of 

Hypsela reniformis, Presl described the fruit as a semi-bilocular dehiscent capsule with a 

convex apex, and placed the genus in the tribe Clintonieae, which is characterised by a 

unilocular capsule.  But in the seminal Genera Plantarum, Bentham and Hooker 

described the genus Hypsela as having thin-walled, indehiscent or operculate fruit, and in 

the Pflanzenreich, Wimmer said he could not confirm the Presls’ statements regarding the 

ovary and fruit structure of the genus and regarded the fruit as a berry (McComb 1968).  

This situation provides a prime example of the pitfalls of single character taxonomy, as 

here we see three different authors with three different fruit concepts for one genus for 

which the primary delineation is defined by fruit characters!  She goes on to say that 

species in the tribe Delissieae have the top of the ovary more or less flat, but that 

apparently there is some discrepancy on this character in the dioecious species Pratia 

darlingensis between the male and female flowers (females have the top of the ovary 

conical, while males are flat).  She also noted that there is some disagreement on the 

character of the fruit for Pratia purpurascens, with Bentham and Mueller placing the 

species in Lobelia because the ‘capsule is narrow ovoid, fully three lines long, with the 

domed summit opening in two valves’, and with Wimmer placing it in Pratia and saying 

the fruit is not narrow ovoid, the apex is not domed, and there are no vestiges of valves 

(McComb 1968). This is obviously a major disagreement, but unfortunately she ends the 

statement there and doesn't elaborate on the discrepancy, although presumably this all 

must have arisen from incomplete or incorrectly identified herbarium specimens and/or 

lack of specimens viewed. 

 McComb's final comment on the fruits of Lobelioideae drew attention to a major 

discrepancy, saying that Pratia (syn. Lobelia) angulata shows different fruit types 

depending on where it was collected.  Apparently, according to Moeliono and Tuyn in the 
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Flora Malesiana, ‘specimens with berry like indehiscent fruit have been recorded from 

Asiatic and West Malaysia, while material from the Celebes and New Guinea show a 

gradual transition: the fleshy pericarp becomes thinner, the apex of the ovary domed and 

tardily two-valved, and in one collection both fleshy berries and capsules have been 

observed’ (Moeliono and Tuyn 1966).  At any rate, McComb goes on to say that due to 

all this, Moeliono and Tuyn objected to Pratia and Lobelia being placed as such distant 

allies on the basis of fruit characters, and they also noted that some species of Pratia and 

Lobelia are indistinguishable even in flower, so consequently they discarded De 

Candolle’s concept of two tribes and merged Pratia with Lobelia. 

The next major publication to incorporate information about New Zealand 

Lobelioideae was the seminal field guide New Zealand Alpine Plants (Mark and Adams 

1973).  With regard to Lobelioideae, this volume follows Cheeseman and Allan for the 

four species that occur in the alpine zone.  Mark and Adams studied the plants closely 

and picked up on the tendency among several of them for the peduncles to elongate as the 

fruit ripens, information which had been alluded to in less detail in previous literature.  

Unfortunately they also perpetuated the belief that Pratia (syn. Lobelia) macrodon had a 

purple berry for a fruit which prolonged the confusion surrounding this species in New 

Zealand. 

It is an interesting historical note that such a small group of plants could have so 

many different taxonomic ideas formed about them by different authors when these 

authors had either not seen all of the related species or had not been in direct contact with 

one another, and one of the best examples of this used to be known in New Zealand as 

Isotoma fluviatilis (now Lobelia fatiscens).  As mentioned previously, Lucy Moore when 

assisting HH Allan with the preparation of the Flora came to feel as though the species 

Isotoma fluviatilis did not exist in NZ.  Based on the material she had seen, her 

justification was logical, as she believed that Wimmer’s new description of Hypsela 

rivalis (syn. Lobelia ionantha) incorporated all of the material previously regarded as I. 

fluviatilis in NZ.  Even though Wimmer retained I. fluviatilis in NZ, he had apparently 

never seen Cheeseman’s specimens, and Moore must have assumed that if he had seen 

them he would have incorporated them into H. rivalis too, so in her 1978 volume the 

Oxford Book of New Zealand Plants she published the name Isotoma out of existence in 
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New Zealand (Moore and Irwin 1978).  Also in this book she commented on the 

delimitation of genera on the basis of fruit and floral characteristics, mentioning that 

Lobelia is separated from the other genera by the character of an apically dehiscent 

capsule, but that the capsule of Lobelia roughii is rather fleshy, and that the fruit of 

Hypsela rivalis is really neither a capsule or a berry, and also that the key characters of 

adnation of the filaments and splitting of the corolla tube appear to be more variable than 

originally accounted for.  She summed up her introductory comments to the family by 

saying, ‘generic limits within the family are a subject of discussion between botanists’. 

Most of the descriptions of the nine NZ Lobelioideae species contained in the 

book follow Allan (1961), but for several of the species Moore added more details that 

had not previously been published.  She made an extended comment on the 

morphological plasticity of Pratia (syn. Lobelia) perpusilla under different 

environmental conditions, a phenomenon that is now quite well known among New 

Zealand botanists who have had an interest in this species and a situation that has been 

confirmed by this author’s own experiments (Chapter 2).  The volume has a good 

illustration of a P. perpusilla plant showing the habit (making it look really hairy), the 

floral parts and the ovary cut across, but unfortunately no illustration of the fruit. 

In the entry for Hypsela rivalis (syn. Lobelia ionantha), Moore relates some of the 

story of her correspondence with JA McComb, and explains how the plant was long 

considered to be conspecific with the Australian Isotoma fluviatilis, justifying her 

removal of Isotoma from the New Zealand species list by noting that the Australian plant 

has stiff dry capsular fruit opening by two well-defined lips, and the very small brownish 

fruit of New Zealand plants is barely 3mm long and has a delicate, semi-transparent skin 

through which the tightly packed seeds can be easily seen and that there is no regular 

dehiscence, the fruit wall just bursts open raggedly somewhere along its sides and the 

seeds fall out.  The book has a good illustration of Hypsela rivalis (syn. Lobelia 

ionantha) showing the habit with flowers (including the purple patches on the corolla 

lobes), the floral parts, the ovary cut across, and what looks like some immature fruit, but 

no explicit illustration of the fruit. 

 Moore made some further comments about the habitat and growth habit for 

Lobelia roughii (see Chapter 5) and included illustrations that show the plant’s habit (one 
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with fruit, one with flower and young bud), flower morphology, floral parts, immature 

fruit cut across, mature fruit, and seed.  This volume also has very good illustrations of 

Pratia (syn. Lobelia) angulata, Pratia (syn. Lobelia) arenaria and Lobelia linnaeoides. 

 

 

Peter N Johnson and Anthony P Druce (1980-1993) 
 

 Ten years after the publication of the Oxford book, Peter Johnson published a 

comprehensive field guide to Wetland Plants in New Zealand (Johnson and Brooke 

1989).  Of the five Lobelioideae species included in the book, descriptions of Lobelia 

anceps and Pratia (syn. Lobelia) angulata follow Allan and Cheeseman.  Pratia 

perpusilla is also included, and in the entry for that species Johnson related the already 

known characters of this taxon and elaborated on Lucy Moore’s description of the 

morphological plasticity exhibited when the plant is submerged, going one step further by 

producing a detailed illustration of the different morphologies under different conditions.  

He also added more detail to the known distribution of this species.  In the entry for 

Hypsela rivalis (syn. Lobelia ionantha) Johnson again relates the known characters of 

this species from previously published literature, but also makes a comment about 

‘aquatic leaves [being] narrower and membranous’, which would appear to be an allusion 

to morphological plasticity exhibited by this species upon submergence (a phenomenon 

that has been confirmed by this author’s experiments, Chapter 2).  Strangely though, 

when it comes to the fruit of this species, Johnson departs from the established 

description, and although he produces the same size dimensions as previous authors, he 

states that the fruit is ‘rather fleshy, green to purplish’ which does not seem to be in 

agreement with Moore’s ‘very small brownish fruit … [that] has a delicate, semi-

transparent skin through which the tightly packed seeds can be easily seen’.  Having seen 

the fruit of this species first hand, it is clear that the description of Moore is the correct 

description and one can only be left with the conclusion that none of the fruit examined 

by Johnson must have been fully mature.  It is clear however that Johnson undertook 

fairly extensive examinations of this species and did at least see quite a bit of immature 

fruit, because of the material he was examining and treating as Hypsela rivalis, he was 
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able to recognise a group of plants whose fruit and flowers he felt were slightly different 

and should be regarded as a distinct entity.  This recognition of two distinct Hypsela-like 

taxa led to Johnson resurrecting the name Isotoma fluviatilis as present in New Zealand, 

the most significant contribution of his book with regard to the Lobelioideae, and a 

change that only served to add further confusion to the already supremely confused 

lineage of literature regarding these species.  When Johnson realized that what was being 

called Hypsela rivalis (syn. Lobelia ionantha) in New Zealand was actually made up of 

two morphologically distinct entities, he must have spoken to Lucy Moore to further 

inquire about the species.  She would have told him about her discussions with JA 

McComb regarding Isotoma fluviatilis and her decision to incorporate all New Zealand 

specimens previously treated as Isotoma fluviatilis into Hypsela rivalis.  Johnson then 

corresponded with JA McComb to enquire about her thoughts on the situation (PN 

Johnson pers. comm.).  In his letter, Johnson described to her an entity ‘of lowland wet 

places on the west coast of the South Island, e.g. muddy hollows in forest clearings, moist 

banks on lake and river edges, and in one site aquatic’, and he reckoned that ‘the entire 

corolla tube, and stamens inserted at mid-tube place the plant in either Isotoma or 

Hypsela, whereas the thin walled fruit, somewhat top shaped would seem to favour 

Isotoma, [because] Hypsela rivalis [as he knew it] from lake edges in inland South Island, 

has a more fleshy fruit on a stout curved peduncle’.  He also said his collections of this 

entity keyed out to Isotoma within Wimmer’s classification, and vegetatively they 

resembled illustrations of I. fluviatilis in one of the papers McComb had published from 

her thesis research, but they were different in having smaller flowers and shorter 

peduncles.  Unfortunately he didn’t have complete information about the capsule 

dehiscence.  McComb responded and said she never liked the separation of NZ I. 

fluviatilis into Hypsela rivalis, but that her investigations were so long ago that Johnson 

would probably know the identities of these species better than she did.  So it appears that 

Johnson realised that there was definitely a distinct West Coast entity that was different 

to the true Hypsela rivalis (syn. Lobelia ionantha) east of the divide on lake edges, but 

wasn’t sure what it was.  Keying the material out brought it close to Isotoma fluviatilis, 

and it seems that as Johnson’s Guide to Wetland Plants was conceived as an 

identification tool and not a Flora, he decided at the time it was not his responsibility to 
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formally describe this new entity so he left it as Isotoma in the text (P N Johnson, pers. 

comm. 21 November, 2011).  At any rate, the name Isotoma fluviatilis came to be 

regarded as existing in New Zealand again, only ten years after it had been written out of 

existence.  This species was in fact not the same as the Australian Isotoma fluviatilis, and 

is now known as Lobelia fatiscens. 

 The last New Zealand botanist to take any real interest in the Lobelioideae before 

the turn of the century was Anthony P ‘Tony’ Druce.  Druce never published many peer 

reviewed articles, but he traveled the country making lists of the plants and notes of 

geographical differences he observed.  Druce wasn’t particularly interested in Lobelioids, 

but he did like to point out minute morphological differences that he thought might point 

to new species.  Many new species discovered in New Zealand have started out as ‘tag 

names’ of Tony Druce and two of the most recently described New Zealand Lobelioids 

are among them.  Sometime during his collecting sprees of the 1980’s, Druce noticed a 

kettlehole Lobelioid, which he assumed to be a species of Hypsela, in the Upper Cobb 

Valley that had a much smaller flower than any he had yet seen and he called it Hypsela 

‘Burgoo’ (Druce 1993).  Also when making collections in the mountains of Northern 

Southland (particularly the Eyre, Garvie and Takatimu ranges), he came across some 

specimens of what he assumed was Pratia (syn. Lobelia) macrodon, but felt that they 

also had diminutive features that set them apart from others of their species, especially 

the small flowers, and he called this taxon Pratia ‘Garvie’ (Druce 1992).  These species 

have now become Lobelia fugax and Lobelia glaberrima respectively.  A decade later 

David Burnett counted the chromosomes of a small flowered Pratia macrodon from the 

Old Man Range during the course of his MSc investigations, and found it had twice the 

expected number of chromosomes for Pratia macrodon, leading him to give his specimen 

the tag name Pratia ‘Old Man’ (Burnett 2001, Murray et al. 2004). 
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Modern Taxonomy (1993-2005) 
 

 In the early 1990s Dr. Eric Knox began to investigate the genetic relationships of 

this subfamily more closely, and his initial results suggested relationships that did not 

reflect the current nomenclatural hierarchy (Knox et al. 1993).  His preliminary findings 

suggested more detailed study of this group was needed, and he launched into what 

would become a career effort spanning multiple decades, counting the chromosomes of a 

wide sample of species (Knox and Kowal 1993).  The cytological data seemed to agree 

well with his preliminary DNA phylogeny and he went on to sample DNA of many more 

Lobelioid species around the world, revealing new monophyletic clades that had been 

obscured by historical naming conventions (Knox and Palmer 1998), and revealing the 

paraphyly of some long established genera (Knox et al. 2005). 

 In the mid 1990’s, Jin Murata of the University of Tokyo’s Nikko Botanical 

Gardens performed the first detailed investigation of seed coat morphology in this 

subfamily using electron microscopy, and he recognised that patterns in the variation of 

this character did not fit with the groups established in Wimmer’s classification, and 

therefore also proposed merging Pratia with Lobelia (Murata 1992).  A collaborator of 

Murata’s, Thomas Lammers of the Chicago Field Museum of Natural History, also 

acknowledged the inadequacy of Wimmer’s existing scheme, suggesting that berries had 

evolved from capsules in several unrelated lineages of Lobelioids (Lammers 1993).  

Saying that, for the time being he recommended that the most appropriate placement for 

species of Pratia within that classification was within subgenus Lobelia (Lagotis) section 

Lobelia (Hemipogon) subsection Leiospermae grex Eriniformes series Prostratae (Table 

1.1), noting that this grouping of species was probably not monophyletic as a whole, but 

that some of its smaller component groups that shared geography likely were 

monophyletic (he also suggested that species of Heterotoma be subsumed into series 

Latifoliae). 

 After investigating the seeds of still more species through electron microscopy, 

Murata proposed a modified version of Wimmer’s classification, incorporating 

similarities in seed coat morphology, beginning the process of formally merging Pratia 

with Lobelia (Murata 1995).  He retained the overall structure of the three subgenera, but 
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split the species of Pratia, along the lines of the sections established by Wimmer, into 

different subgenera.  Subgenus Tupa gained a new section, Colensoa, incorporating the 

species from that section of Pratia, and lost a section, Isolobus, which was transferred as 

a new section of Subgenus Mezleria.  Mezleria also gained two further new sections, 

Pratia, incorporating most of the species from that section of the former genus Pratia, and 

Dioica, incorporating the remaining species of Pratia (dioecious ones) and species that 

had been placed by Wimmer in Grex Dioicae of subsection Leiospermae, in Subgenus 

Lobelia (Lagotis) Section Lobelia (Hemipogon) (Table 1.1).  Murata stated that he 

decided to place the herbaceous Pratia species in subgenus Mezleria because he felt that 

the seed coat texture they exhibited was highly correlated with the presence of two large 

bristles on the lower 2 anthers, which was a key characteristic of Mezleria (the same seed 

surface texture was also possessed by the one species of Isotoma investigated).  He 

further stated that retaining the monospecific section Paramezleria at that rank was 

probably not justified, but that he retained it because of insufficient information.  Other 

than the loss of the few species just mentioned, subgenus Lobelia (Lagotis) remained 

essentially unchanged, except that he elevated the four subsections that had comprised 

Wimmer’s two sections of the subgenus, to the rank of section themselves.  Sections 

Cryptostemon and Delostemon retained their original subsectional names (from 

Wimmer’s section Holopogon), and Sections Lobelia and Heyneana accounted for 

subsections Trachyspermae and Leiospermae (from Wimmer’s section Lobelia 

(Hemipogon)) respectively.  Stace and James (1996) reinforced Murata’s propositions, 

pointing out that they felt species of Pratia were cytologically more similar to 

grex/section Dioicae/Dioica than to grex Eriniformes series Prostratae.  They additionally 

asserted that cytological data supported not only the merger of Pratia and Lobelia, but 

also the earlier suggestion by McVaugh (1940) that Isotoma/Laurentia be merged into 

Lobelia as well, and on the same basis they also called for a closer examination of the 

relationships of Heterotoma and Hypsela to Lobelia.  Almost serendipitously, at the very 

same time that Stace and James were recommending a re-appraisal of the relationship of 

Hypsela to Lobelia, Chiapella (1996) showed that the type species of Hypsela, Hypsela 

reniformis and the type species of Pratia, Pratia repens, could not be meaningfully 

distinguished from one another and were in fact the same species.  This meant that 
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Hypsela should also be considered a synonym of Lobelia (as Pratia now was), and 

Lammers (1999) effected this change for the type species as well as the remaining species 

of Pratia (Lammers 1998), but felt that the remaining 3 species of Hypsela that had been 

recognised by Wimmer were more appropriately placed in Isotoma, and transferred them 

accordingly (although Isotoma is part of Lobelia if you follow McVaugh or Stace and 

James).  More recently, Lammers and colleagues have investigated the seeds of further 

still species through electron microscopy, confirming the utility of this character in 

understanding systematic relationships within the Lobelioideae (Buss et al. 2001).  

Additionally, Dr. Knox’s DNA data set now encompasses nearly all global Lobelioid 

species and paints a picture of complex relationships within the subfamily, suggesting the 

entire group is in need of nomenclatural reorganization (Knox, unpublished data). 
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1.3 Former and current taxonomic treatments of New Zealand species 
 

 As illustrated in the preceding section, leading up to the present day somewhat of 

a consensus has coalesced around the notion that Isotoma, Pratia and Hypsela, at least for 

the time being pending further detailed data, all ought to be included in the very large 

genus Lobelia.  And no matter how confusing it is for seasoned botanists familiar with 

the original names, this is in fact what has just been recently (during the course of this 

investigation) done.  When this study began (2006) there were 10 described Lobelioid 

species considered native to New Zealand as well as two undescribed species, spread 

across four to five genera (depending who you believe), representing four 

morphologically distinct groups, and 10 of those 12 species were thought to be endemic.  

Those groups and the species that constituted them were as follows: 

 

Colensoa.  The monospecific genus Colensoa was erected in 1853 by Joseph Dalton 

Hooker, the father of New Zealand systematic botany, to honor William Colenso an early 

New Zealand botanist and natural historian who worked alongside Charles Darwin.  The 

single species, Colensoa physaloides is endemic to New Zealand.  The status of Colensoa 

as a genus is in dispute, and in the 170 years that this plant has been known to Europeans, 

there has been much argument over what genus it should be placed in.  Many authors 

have recognized that C. physaloides bears all of the morphological features characteristic 

of Pratia, and have argued that it should be considered a species of Pratia.  However, it 

differs significantly in overall form, habitat, and growth habit, from all other New 

Zealand Pratia species, and this is why other authors have argued that it is distinct 

enough to deserve placement in its own genus.  Officially, at the time of the beginning of 

this study, the Flora of New Zealand (Allan 1961) treats this species as Pratia 

physaloides, but in practice many active botanists recognize its distinctiveness and call it 

by the name Colensoa. 

 

The New Zealand Pratia.  The Genus Pratia was erected in 1826 by Charles 

Gaudichaud-Beaupré, the botanist to Captian Freycinet on the voyages of the Uranie and 

the Pysicienne, to honor C. L. Prat Bernon, a midshipman who had died early on in the 
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voyage.  Prior to the beginning of this study, there were four species considered to be 

difinitively in the genus Pratia and they were thought to be quite morphologically 

similar.  There was also one new, undescribed species thought to belong with this group.  

The species are:  Pratia angulata, whose specific epithet denotes angles or corners, 

presumably in reference to the teeth of the leaves; Pratia arenaria, whose specific epithet 

denotes growing in sand, however many subsequent investigators of this species have 

noted that it does not only grow in sand; Pratia perpusilla, whose specific epithet denotes 

very small, presumably in reference to the leaves and/or fruits; and Pratia macrodon 

whose specific epithet denotes large tooth, in reference to the corasely toothed leaves.  

The undescribed species was known only as Pratia ‘Old Man’, based on where it was 

collected, and what appeared to be at least superficial morphological similarities with P. 

macrodon.  This taxon was thought to also include the Pratia ‘Garvie’ of Druce as the 

Old Man Range is continuous with the Garvie Mountains. 

 

The New Zealand Lobelia.  The genus Lobelia was erected in 1753 by Linnaeus, in his 

original Species Plantarum, in honor of Matthias de L'Obel (aka Matthaeus Lobelius), a 

Belgian botanist who was also the physician to King James I of England, and was a 

predecessor of Linnaeus in the field of systematic botany, having authored one of the first 

herbals, Stirpium Adversaria Nova (Lobelius and Pena 1570), and having contributed to 

John Gerard’s original english language herbal, General Historie of Plants (Gerard 

1597).  Prior to this study, there were considered to be 3 species of Lobelia native to New 

Zealand.  The species are:  Lobelia linnaeoides, whose specific epithet denotes its 

resembelance, in growth habit, to the species Linnaea borealis (named after Linnaeus); 

Lobelia roughii, whose specific epithet denotes its original discovery in the Nelson 

mountains by Captain David Rough, the first harboumaster of Auckland; and Lobelia 

anceps, whose specific epithet means ‘two-edged’ possibly denoting the characer of the 

stem.  Lobelia anceps is also found in South Africa, Australia, Tasmania, Chile and the 

Juan Fernandez Islands. 

 

The New Zealand Wetland Lobelioids.  This group contained members of both Hypsela 

and Isotoma.  The genus Hypsela was erected in 1836 by JS and CB Presl.  The name 
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Hypsela means high up, in reference to the alpine habitat of the type species.  Prior to this 

study, there was thought to be 2 species in the genus Hypsela native to New Zealand, 

Hypsela rivalis, whose specific epithet stems from the root of river and rivulet, denoting 

the habit of growing near brooks, and another undescribed species, known only by the 

tag-name Hypsela ‘Burgoo’, based on where it was collected and the superficial 

similarity of the foliage and growth habit to H. rivalis.  The genus Isotoma was erected in 

1826 by John Lindley, the secretary of the Royal Horticultural Society.  The name 

Isotoma means equal sections, referring to the corolla lobes being nearly equal, but was 

actually somewhat of a misnomer (many Australian Isotoma species having unequal 

corolla lobes).  Prior to the current study there was thought to be one species of Isotoma 

native to New Zealand, Isotoma fluviatilis.  Isotoma fluviatilis occurs in Australia, where 

it has three distinct subspecies, separated by differences in sexual system and 

morphology, and the New Zealand taxon was supposed to be one of the subspecies (var. 

fluviatilis, the hermaphroditic one) supposedly having been dispersed from Tasmania.  

The specific epithet fluviatilis refers to the habitat by running water. 

 

 At present (2010), based upon further and ongoing investigations, there are 13 

described Lobelioid species considered native to New Zealand, representing five 

morphologically distinct groups that correspond with five separate dispersal events to 

New Zealand inferred from cpDNA data (Knox, unpublished data), and 12 of the 13 are 

known to be endemic.  Previous taxonomic investigations revealed that there is no logical 

justification for retaining Pratia and Colensoa and they were merged with Lobelia 

several times by different authors (Moliono and Tuyun 1966, Murata 1995).  This 

nomenclatural change was either not widely known in New Zealand, or not thought to be 

reliable, as the names Pratia and Colensoa are still in wide use.  Also recently, the type 

specimen of Hypsela was found to be synonymous with a species of Pratia, and due to 

nomenclatural rules, this means that the name Hypsela can no longer be applied 

(Lammers 1996).  These discoveries have necessitated a massive re-organisation of the 

names of New Zealand Lobelioids, and a set of recent papers has taken the first steps in 

addressing this issue (Knox et al. 2008, Heenan et al. 2008).  All native New Zealand 

taxa formerly considered to be species of Pratia have been transferred to Lobelia 
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temporarily, as well as those New Zealand taxa that were considered to be a part of 

Hypsela and Isotoma, pending the outcome of more detailed investigations including this 

study and other ongoing studies.  The current groups and species that comprise them are 

as follows:  

 

Colensoa.  This group still consists of a single species, Lobelia physaloides (syn. 

Colensoa physaloides, Pratia physaloides), quite morphologically distinct from any other 

New Zealand taxon.  However, as mentioned above, the genus name Colensoa is not able 

to be retained as it has already been merged with Lobelia by previous investigators.  The 

relationship of this species to other closely related species in Australia and Indonesia has 

yet to be determined, and it may end up lumped in with another already existing genus, or 

it may be that there is sufficient evidence to erect a new genus. 

 

The New Zealand plants formerly known as Pratia.  Upon closer inspection, only three of 

the five species formerly thought to be Pratia are still considered to form a distinct group 

of morphologically similar individuals when compared to all other NZ Lobelioids (Figure 

1.2, b).  Those species are Lobelia angulata (syn. Pratia angulata), Lobelia arenaria 

(syn. Pratia arenaria) and Lobelia perpusilla (syn. Pratia perpusilla).  L. angulata and L. 

arenaria are more similar to each other than they are to L. perpusilla.  L. angulata and L. 

arenaria have at various times been thought to be either distinct, or conspecific, and 

some investigators have described L. angulata as having many varieties and as potentially 

being a complex of multiple species.  Current postgraduate research in the Department of 

Botany at the University of Otago is taking a closer look at these two entities and the 

relationship between them (N H Hashim, unpublished data). 

 

The New Zealand Alpine Lobelia.  Four of the now 13 species of native New Zealand 

Lobelia are strictly alpine to sub-alpine, and they also form a group of morphologically 

similar entities (Figure 1.2, a).  These species are Lobelia linnaeoides, Lobelia roughii, 

Lobelia macrodon and Lobelia glaberrima.  Lobelia macrodon is the new name for what 

was formerly known as Pratia macrodon.  This name change had been published 

(Lammers 1998) in the late 1990’s but was apparently not picked up on by New Zealand 
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botanists.  However this name is now finally in use in New Zealand, thanks to the 

publication of a new paper establishing the inappropriateness of the use of Pratia in New 

Zealand, and reporting the observations of this author that the fruit of this entity is a two-

celled loculicidally dehiscent capsule, and not a fleshy berry as previously reported 

(Heenan et al. 2008).  Lobelia glaberrima is the new name for what was formerly known 

as Pratia ‘Old Man’ and Pratia ‘Garvie’.  The specific epithet denotes ‘most glabrous’, 

in reference to the plants’ glabrous stamens, relative to the stamens of L. macrodon. 

 

Lobelia anceps.  Lobelia anceps is now considered to be in a group by itself.  This 

reflects its distinctiveness both in morphology and cpDNA sequence, and this species is 

now thought to be a relatively recent arrival to NZ, from South Africa, by way of 

Australia. 

 

The New Zealand Aquatic Lobelioids.  At the outset of this study, this group was the one 

with the least information known about its constituent species.  As such, it has been re-

evaluated significantly, as new information has come to hand.  The remaining four of 13 

species in Lobelia native to New Zealand fall into this group, including a brand new 

species only just recently discovered, by a closer re-examination of historical herbarium 

specimens (Figure 1.2, c).  The species are: Lobelia fatiscens (formerly Isotoma 

fluviatilis), whose specific epithet denotes ‘disintegrating’, in reference to the dispersal 

mechanism by which the seeds escape from the thin-walled indehiscent fruit; Lobelia 

fugax (syn. Hypsela ‘Burgoo’), whose specific epithet denotes ‘ephemeral’, in reference 

to the ephemeral alpine pools that comprise its habitat; and Lobelia ionantha and Lobelia 

carens (both previously treated as one species, Hypsela rivalis).  The specific epithet 

ionantha refers to the purple colouration on the corolla lobes, and the specific epithet 

carens denotes ‘lacking’, in reference to a lack of colouration on the corolla lobes of that 

species.  Lobelia ionantha and Lobelia carens were established based on slight floral 

morphological differences among the herbarium specimens that had been formerly 

treated as Hypsela rivalis.  Lobelia ionantha is mainly glabrous, the flowers have yellow-

green markings in the sinuses and purple blotches at the base of the front three corolla 

lobes, and is found only in the South Island, east of the Alpine Fault.  While Lobelia 
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carens has hairy stems, leaves and flower parts, lacks the purple markings on the corolla 

lobes and is found only in the North Island.  These differences were only just noticed for 

the first time when Peter Heenan undertook a detailed examination of the herbarium 

specimens in preparation for the publication of his recent paper (Heenan et al. 2008). 

 
Figure 1.2 – cpDNA phylogenetic tree of Australasian Lobelioids (data from EB Knox, 

unpub.) showing the 3 major groups of NZ species (a,b,c, enlarged at bottom for clarity) 
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Table 1.2 – Current and former taxonomic treatments of NZ Lobelioid species 
Current Name (Heenan) Former Names Discovery Date and Author 
Lobelia angulata Lobelia rotundifolia 

Lobelia angulata 
Lobelia rugulosa 
Lobelia littoralis 
Pratia angulata 
Lobelia angulata 

Banks and Solander 1769 
Forster 1773 
R Graham 1830 
A Cunningham 1839 
JD Hooker 1853 
Knox et al. 2008 

Lobelia anceps Lobelia triangularis 
Lobelia alata 
Lobelia anceps 
Lobelia alata 
Lobelia anceps 

Banks and Solander 1769 
Labillardiere 1791 
JD Hooker 1853 
Wimmer 1953 
Allan 1961 

Lobelia physaloides Lobelia physaloides 
Colensoa physaloides 
Pratia physaloides 
Lobelia physaloides 

A Cunningham 1839 
JD Hooker 1853 
Hemsley 1886 
Knox et al. 2008 

Lobelia arenaria Pratia arenaria 
Pratia angulata var. arenaria 
Pratia arenaria 
Pratia angulata var. arenaria 
Pratia arenaria 
Lobelia arenaria 

JD Hooker 1841 
JD Hooker 1853 
Cheeseman 1909 
Wimmer 1943 
Allan 1961 
Knox et al. 2008 

Lobelia perpusilla Lobelia perpusilla 
Pratia perpusilla 
Lobelia perpusilla 

JD Hooker 1853 
JD Hooker 1864 
Knox et al. 2008 

Lobelia roughii Lobelia roughii JD Hooker 1864 
Lobelia macrodon Pratia macrodon 

Lobelia macrodon 
JD Hooker 1864 
Knox et al. 2008 

Lobelia linnaeoides Pratia linnaeoides 
Lobelia linnaeoides 

JD Hooker 1864 
Buchanan 1890 

Lobelia fatiscens Isotoma fluviatilis 
Laurentia fluviatilis var. fluviatilis 
Isotoma fluviatilis 
Hypsela rivalis 
Isotoma fluviatilis 
Lobelia fatiscens 

Cheeseman 1906 
Wimmer 1943 
Allan 1961 
Moore and Irwin 1978 
Johnson and Brooke 1989 
Heenan et al. 2008 

Lobelia ionantha Hypsela rivalis 
Lobelia ionantha 

Wimmer 1943 
Heenan et al. 2008 

Lobelia glaberrima Pratia ‘Garvie’,  
Pratia ‘Old Man’ 
Lobelia glaberrima 

Druce 1992 
Burnett 2001 
Knox et al. 2008 

Lobelia fugax Hypsela ‘Burgoo’ 
Lobelia fugax 

Druce 1993 
Heenan et al. 2008 

Lobelia carens Hypsela rivalis 
Lobelia carens 

Wimmer 1943 
Heenan et al. 2008 
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1.4 Identification problems in New Zealand 
 

 Prior to the beginning of this study, native New Zealand Lobelioideae were often 

misidentified by both amateurs and professionals.  This led to a situation where a large 

percentage of existing Lobelioid herbarium specimens were improperly labeled 

(especially the smaller leaved species) and this only fed the confusion further, as many 

subsequent investigators would first look to herbarium specimens to get an idea of the 

morphology and geographical ranges of each species.  Most investigators took the 

herbarium determinations as gospel (as they were signed by some of New Zealand’s most 

reputable botanists) and this influenced their perception of the species for the duration of 

their investigations, at times leading to inaccurate conclusions.  For example, the noted 

New Zealand botanist Tony Druce spent most of his time collecting in the North Island 

and the northern parts of the South Island, but did very little collecting in Westland, and 

so was not familiar with the taxon then known as Isotoma fluviatilis (now Lobelia 

fatiscens).  So when Druce discovered the entity that we now call Lobelia fugax (syn. 

Hypsela ‘Burgoo’) he placed it in Hypsela, as Hypsela rivalis (now split into Lobelia 

ionantha and Lobelia carens) was the only plant that he was familiar with that resembled 

it.  Of course to investigators who had seen all three species, it was clear that Lobelia 

fugax is almost morphologically identical to the former Isotoma fluviatilis (now Lobelia 

fatiscens), and not nearly as similar to Lobelia ionantha or Lobelia carens (syn. Hypsela 

rivalis) (Figure 1.3).  Therefore, one is left to wonder if Druce had ever seen what was 

then called Isotoma fluviatilis (now Lobelia fatiscens) whether he still would have 

recognised Hypsela ‘Burgoo’ (syn. Lobelia fugax) as distinct.  If he had still felt it was 

distinct he probably would have at least given it a tag name in Isotoma.  The original tag 

name of Hypsela ‘Burgoo’ seems to have influenced the decision by later authors to 

describe this single entity as a new species instead of recognising it as part of the 

geographical extreme of the former Isotoma fluviatilis (now Lobelia fatiscens). 

 A similar and related situation occurred more recently during research for the 

publication of the papers mentioned above (Heenan et al. 2008, Knox et al. 2008).  

Heenan had cultivated material of several entities from the West Coast of the South 

Island (both the former Isotoma fluviatilis, now Lobelia fatiscens) along with a small 
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piece of cultivated material of what was then known as Hypsela ‘Burgoo’ (syn. Lobelia 

fugax), but he had never seen (P. Heenan pers. comm.) what was then known as Hypsela 

rivalis (now split into Lobelia ionantha and Lobelia carens).  Flowers on one of the West 

Coast entities was slightly larger and less split at the back than the flowers on the other 

West Coast entity, fulfilling the criteria for Hypsela rivalis (syn. Lobelia ionantha) in the 

Flora of the corolla tube being less split than that of the former Isotoma fluviatilis (now 

Lobelia fatiscens).  Once he was familiar with all three species he realized that the entity 

that he had been calling Hypsela rivalis was in fact an example of what was then called 

Isotoma fluviatilis with a slightly larger flower. 

 Even lifelong botanical experts have made mistakes in regards to the 

morphological details of members of this family.  An example is the publication of the 

erroneous statement that Pratia macrodon (syn. Lobelia macrodon) has a fleshy purple 

berry in the book Alpine Plants of New Zealand (the ‘definitive’ volume on NZ alpines), 

when in actual fact the fruit of Pratia (syn. Lobelia) macrodon is a capsule (although 

somewhat fleshy).  It seems likely in this case that limited observations had been made of 

Pratia (syn. Lobelia) macrodon fruit and all that were observed were in an immature state 

where the apical capsular valves had not become apparent, leading the investigators to 

believe that the fruit would become a fleshy berry upon maturity.  Additionally, when the 

book was in preparation, some high altitude specimens of Pratia (syn. Lobelia) angulata 

may have been included with the material considered to be Pratia (syn. Lobelia) 

macrodon and this could account for the authors’ impression that the fruit of P. (syn. 

Lobelia) macrodon was a purple berry.  The superficial similarity of the leaves of Pratia 

(syn. Lobelia) macrodon and Pratia (syn. Lobelia) angulata can render them barely 

distinguishable in the absence of flowers and at the time it was not widely known that the 

altitudinal ranges of these two species overlap in some areas, so the authors of the book 

probably just assumed that certain specimens were P. (syn. Lobelia) macrodon and not P. 

(syn. Lobelia) angulata because of the altitude at which they had been collected (A. Mark 

pers. comm.).  These observations would have necessarily been made on very limited 

specimens of mature fruit and much more immature fruit, as Pratia (syn. Lobelia) 

macrodon is almost always covered by snow once the fruit is mature.  The list of 

additional noted New Zealand botanists who have made historical Lobelioid 
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identification errors is lengthy, and some improperly determined herbarium specimens 

appear to have been used as vouchers for subsequent genetic and cytological studies, 

potentially leading to the publication of erroneous data for certain taxa. 

 

 
Figure 1.3 – Comparison of (a,b,c) Lobelia fatiscens (formerly Isotoma fluviatilis) and (d) 

Lobelia fugax (syn. Hypsela ‘Burgoo’) (scale = 1mm). 
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1.5 Aims of this study 
 

 A preliminary phylogeny (Knox, unpublished data) has been constructed based on 

chloroplast DNA from a limited number of plant collections that casts doubt on 

previously inferred taxonomic relationships from the historical sources mentioned above.  

Changes in implied evolutionary relationships necessitated by this new DNA data are so 

profound that the whole concept of genera within the New Zealand Lobelioideae, due to 

the use of ‘single character taxonomy’ by previous investigators (DeCandolle 1838, 

Bentham and Hooker 1876, Wimmer 1943, 1953, 1968), has to be re-evaluated.  The aim 

of this study was to determine the usefulness of historically employed characters to 

distinguish taxonomic delineation, to provide detailed information on the true character 

states of those morphological features for the New Zealand Lobelioideae as well as other 

taxonomically informative morphological features, to investigate the extent of plasticity 

in these morphological traits, and to determine the usefulness of interspecific fertility as a 

phylogenetically informative character. 

 Accurate geographical ranges were established by viewing all practically 

obtainable herbarium specimens of the species in question and creating a database of the 

specimens’ collection information.  To be able to compare similarities and differences in 

evolution, it was necessary to become intimately familiar with the morphology of each 

species and the range of variation for each morphological character.  This was undertaken 

by recording character states and values from historical literature, in the field, and under 

specific cultivation conditions (Chapter 2), paying attention to both the morphology of 

general vegetative plant parts, as well as that of more traditionally informative floral and 

reproductive parts (Chapter3).  To be able to make inferences about evolutionary 

histories, it was necessary to discern potential past and future cross-breeding events and 

other reproductive paradigm shifts.  This was attempted through a pollination experiment 

that involved trying to create crosses between cultivated specimens of each species 

(Chapter 4).  Finally, the implications of the results of these investigations are discussed 

in the wider context of attempting to create a more natural classification for these New 

Zealand species (Chapter 5). 
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Chapter 2 – Vegetative Plasticity 
 

2.1 Introduction 
 

Overview 
 

 The following two chapters are concerned with the actual morphology of the nine 

species included in this study.  The process of obtaining the necessary plant material and 

observing the species in their natural habitat is described.  Also the concepts of vegetative 

morphological plasticity are introduced and discussed in the context of difficulties 

surrounding field identification of the species.  A small scale plasticity experiment was 

conducted to assess the changes possible under different environmental regimes on a 

subset of selected species, and the results are presented here. 

 

 

Plasticity in the field 
 

 One recurring theme in the study of native New Zealand Lobelioideae is 

misidentification, even by some of the country’s most experienced botanists.  Much of 

this is due to the minute nature of the plants and their overall superficial similarity.  But 

this is further complicated by the wide ranging morphological plasticity exhibited by 

some of the species, primarily in vegetative characteristics, but also floral features in 

some cases.  Identification of native New Zealand Lobelioids is often only possible using 

vegetative characteristics, and this has sometimes led to specimens exhibiting plasticity 

outside of the ranges that are explicitly stated in the Flora, being assigned to the wrong 

species.  For instance, large leaved Lobelia fatiscens (formerly Isotoma fluviatilis) have 

been confused with Lobelia (syn. Pratia) angulata in the absence of flowering material.  

Additionally, some species described as forming compact turfs can, in some instances 
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exhibit a looser, stretched out habit, belying their true identity based on standard 

vegetative descriptions. 

 Current identification texts (Allan 1961, Moore and Irwin 1978, Johnson and 

Brooke 1989) and historical source materials (see Chapter 1) were examined to determine 

appropriate characters to investigate in order to disentangle the misidentification 

conundrum, and to be able to provide more detailed descriptions of the true 

morphological character states for each species as well as a more accurate picture of the 

range of variation to be expected within each character state.  It was decided that 

investigation into the plasticity of vegetative characters should be separated from that of 

floral and fruit characters (Chapter 3).  A greater understanding of the true characters and 

range of plasticity for vegetative features is what is needed to practically assist 

identification in the field, whereas an understanding of the true characters and range of 

plasticity for floral and fruit features is what is needed to inform phylogeny and point the 

way toward generic delimitation.  To determine vegetative morphology and plasticity, a 

survey was undertaken of all available herbarium material, measurements were made 

from a large sample of cultivated material, and an experiment was conducted to observe 

to what degree vegetative morphology can change on single genotypes when grown 

under different environmental regimes. 

 

 

Vegetative characters and plasticity 
 

 Heterophylly in aquatic plants is a well known phenomenon, exhibited 

independently in the aquatic species of numerous genera, across multiple families 

(Bradshaw 1965).  The aquatic members of the Lobelioideae subfamily present in New 

Zealand are no exception, and plastic leaf morphology in these species has been alluded 

to numerous times (Moore and Irwin 1978, Johnson and Brooke 1989).  Whether these 

plastic changes are profound enough to constitute true ‘heterophylly’, requires further 

investigation outside the scope of this project.  Furthermore, stoloniferous clonally 

reproducing plants are often discussed in the context of morphological plasticity arising 

out of what is thought to be ‘plant foraging’ for light and resources (Lopez et al. 1994).  
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When the ability of the New Zealand Lobelioids to root at each node and subsequently 

survive a severing of the main stem is taken into account, it is clear that these species fall 

into this category and are worthy of investigation with regards to this phenomenon.  

Additionally, the morphological features generally discussed and observed in the context 

of investigations surrounding ‘plant foraging’, e.g. the total number of vegetative organs 

(leaves), their ultimate size, and their proximity to one another relative to the overall size 

of the plant (number of shoots and internode length), can have a large impact on the 

general appearance and implied growth habit of the specimen (DeKroon and Hutchings 

1995).  This is especially so when dealing with plants described as growing in short, 

compact turfs.  All of these factors, along with the potential for leaf plasticity in aquatic 

situations seem to be the exact source of historical confusion leading to misidentification. 

 A small experiment was undertaken as an attempt to begin teasing apart the nature 

of plastic vegetative characters in selected species of NZ Lobeliaceae.  The experiment 

was designed with a hope toward differentiating between those characters that are 

inherently variable (due to intraspecific genetic variation) and those that are variable in 

response to different growth environments (plasticity). 

 

2.2 Plasticity Experiment 
 

Methods 
 

 Due to space limitations in the experimental glasshouse, it was only possible to 

include five species in this experiment while maintaining the appropriate number of 

treatments.  Lobelia ionantha, Lobelia fatiscens, Lobelia perpusilla, Lobelia macrodon 

and Lobelia glaberrima were chosen as the five species to include in the experiment, as at 

the time those seemed to be the species that most commonly presented identification 

problems.  This logic would dictate that Lobelia fugax and Lobelia carens also be 

included, and ideally they would have been, but at the time (2006-2007) no cultivated 

material of Lobelia fugax was known to exist, and Lobelia carens had not yet been 

recognized as a distinct entity. 
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Experimental Design 

 

 Two accessions of each species to be investigated were collected from disparate 

geographic locations in the wild and cultivated for several weeks in the Botany 

Department garden.  In the second week of September 2006, ten uniform cuttings from 

each accession of each species were taken and rooted in a tray of coarse sand in a mist 

chamber.  Each cutting was between 2-4cm in length, and had between 5-10 leaves.  

Some species appeared to favour the conditions in the propagation chamber more than 

others, and by the time all cuttings were rooted, the cuttings of some species had grown 

more than others.  In mid-September 2006, once all cuttings had rooted, each cutting was 

then potted in an 8x8x10cm pot (Figure 2.1.3, d) in a mix of 50/50 unfertilised potting 

mix/coarse sand and randomly assigned to a treatment.  The potted cuttings were then 

placed in their respective treatment blocks in the Botany Department Experimental 

Glasshouse.  The physical position of each treatment block was assigned at random, and 

the positions of each treatment block were re-randomised every two weeks so as to rule 

out any possible effects of position within the glasshouse on the experimental results 

(Figure 2.1.1). 

 

Table 2.1 – List of species and accessions of material used in plasticity experiment 

Lobelia ionantha – Henry Creek, Lk. Te Anau, Fiordland Nat. Pk. (1192433E 4977365N) 

Lobelia ionantha – Waiau Control Gates, S shore Lake Te Anau (1184387E 4954170N) 

Lobelia fatiscens – Lake Mahinapua, south of Hokitika, Westland (1431260E 5259404N) 

Lobelia fatiscens – SH 6 near Little Totara River, S of Westport, (1473301E 5362115N) 

Lobelia macrodon – Sealy Tarns, Mt. Cook National Park (1364302E 5155765N) 

Lobelia macrodon – shore of Gem Lake, Umbrella Mountains (1296104E 4946201N) 

Lobelia glaberrima – nr Penguin Tor, Old Man Range, C. Otago (1303572E 4971800N) 

Lobelia glaberrima – top Waikaia Bush Rd, S end Old Man Ra. (1303984E 4960697N) 

Lobelia perpusilla – Henry Ck., Lk. Te Anau, Fiordland Nat. Pk. (1192433E 4977365N) 

Lobelia perpusilla – Eweburn Dam, near Naesby, Central Otago (1369292E 5012722N) 
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Figure 2.1.1 – Treatment blocks set up in the Botany Department Experimental 

Glasshouse. 

 

The environmental factors that were varied for the experiment were light level 

and amount of waterlogging in the soil.  Each factor had three treatments (low, medium, 

high), resulting in nine total treatments.  The light levels were manipulated using 

shadecloth to cover the potted plants.  High light (HL) plants were left uncovered.  

Medium light (ML) plants were covered with a single layer of shadecloth, resulting in the 

plants in this treatment receiving approximately 50% of the light intensity available to the 

uncovered plants.  Low light (LL) plants were covered with a double layer of shadecloth, 

resulting in the plants in this treatment receiving approximately 25% of the light intensity 

available to the uncovered plants (Figure 2.1.2). 
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Figure 2.1.2 – Experimental treatments receiving different light levels due to varying 

thicknesses of shadecloth. 

 

 The water levels were maintained by placing each potted plant inside a white 

plastic container (17.5x17.5x19cm) with a hole drilled at various levels to allow excess 

water to drain out once the water reached a desired level.  High water (HW) plants were 

placed in containers with holes drilled so that the water level was above the level of the 

soil and the plants were completely submerged.  Medium water (MW) plants were placed 

in containers with holes drilled so that the water level was just below the surface of the 

soil and the plants were waterlogged but not submerged.  Low water (LW) plants were 

placed in containers with holes drilled at the bottom so that when watered, excess water 

would just run out and no standing water was left in the container (Figure 2.1.3, a-c).  The 

plants were watered daily with tap water and the standing water that remained in 

containers of the high and medium water level treatments was changed once a week when 

measurements were being taken.  The plants were grown for a period of eight weeks.  
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Each week measurements were made non-destructively in situ of: total number of leaves, 

length and width of the largest (based on visual approximation) leaf, and number of 

shoots (branches).  High resolution digital images were taken of each replicate at each 

measurement period for potential future use.  At the end of the 8 week experimental 

period, each replicate was harvested in its entirety and cleaned of any soil particles and a 

measurement was made of the length of the longest (based on visual approximation) 

internode.  All replicates were pressed and accessioned to OTA (Otago Regional 

Herbarium). 

Figure 2.1.3 – Experimental apparatus showing position of holes drilled to maintain (a) 

high, (b) medium, and (c) low water levels relative to (d) a potted replicate.
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Data Analysis 

 

 Five variables were selected for analysis that best represented plastic 

morphological changes: leaf area, leaf length:leaf width ratio, total number of leaves, 

number of growing tips (shoots), and internode length.  The appearance of the leaves of 

New Zealand Lobelia species is one of the most frequent sources of confusion for plant 

identification among this group of plants which are minute and share so many other 

morphological features.  Analysis of the variable leaf area addresses changes in the size 

of the leaves, while analysis of the variable leaf length:leaf width ratio addresses changes 

in leaf shape.  Leaf area was calculated using the formula for area of an ellipse, 

(L/2)*(W/2)*π.  Analysis of the variables number of leaves, number of growing tips, and 

internode length together addresses the growth habit of the plant, which is the first 

observance generally made by investigators in the field.  Analysis of these three variables 

together also addresses plant vigour, and can be informative with respect to the optimal 

habitat of each species as far as changes in light and water levels are concerned.  More 

leaves indicate a healthier plant that is thriving under the specific treatment conditions, 

fewer leaves indicate that the plant is struggling to obtain the necessary resources to 

produce the maximum number of leaves.  More shoots indicates a branchy, multi-

directional growth habit, while fewer shoots indicates more linear growth.  Taken 

together the total number of leaves and number of shoots gives a further indication of the 

health of the plant.  A high number of shoots combined with a low total number of leaves 

indicate that the plant is not extremely healthy, but it is proliferating in a local area of 

favourable resource conditions.  Fewer shoots combined with a low total number of 

leaves indicate that the plant is not extremely healthy and it is potentially exploring for a 

more favourable local patch of resource conditions before it proliferates.  A high number 

of shoots combined with a high total number of leaves indicate that the plant is healthy 

and it is proliferating in a local area of favourable resource conditions.  Fewer shoots 

combined with a high total number of leaves indicate that the plant is healthy, but it is 

potentially exploring for a more favourable local patch of resource conditions before it 

proliferates (De Kroon and Hutchings 1995).  Longer internodes indicate that the plant is 
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stretching potentially adding further support to the idea that the plant is trying to position 

its leaves somewhere other than the habitat they currently occupy (Evans and Cain 1995). 

The changes in these variables over time were analysed using the program 

Statistix for Windows v2.1 (Analytical Software).  Data series for each variable were 

initially tested for normality using a Wilk Shapiro/Rankit plot.  Once all data were 

determined to be sufficiently normal, each variable was analysed using a general Analysis 

of Variance (ANOVA), examining the effects of the varying light treatments, the varying 

water level treatments, and the interaction between those two treatments on the change in 

value for each variable over time (9 treatment combos per accession).  Variables which 

were significantly affected by a treatment or combination (as determined by F and p 

value) were investigated in more detail by Bonferroni comparison of means. 

 

Results 
 

Lobelia ionantha (syn. Hypsela rivalis) 

 

Table 2.2.1 – Significance of responses to different environments in Lobelia ionantha 
* p<0.05, ** p<0.01, *** p<0.005, **** p<0.001 
 Light Water Light x Water 

Leaf area F = 11.342 , 135**** F = 25.762 , 135**** F = 3.934 , 135*** 

Leaf length:width F = 8.632 , 135**** F = 24.352 , 135**** F = 1.114 , 135 

Number of shoots F = 4.302 , 128* F = 7.782 , 128**** F = 1.084 , 128 

Number of leaves F = 2.762 , 128 F = 3.342 , 128* F = 0.904 , 128 

Internode length F = 3.682 , 9 F = 2.702 , 9 F = 0.584 , 9 

 

 Change in morphology in Lobelia ionantha was strongly affected by changes in at 

least one, and in many cases both treatment parameters, for all examined variables except 

internode length (Table 2.2.1).  Leaf area was significantly affected by water level 

treatment (Figure 2.2.1) with a lower leaf area in the submerged plants (high water).  The 

mean leaf area values of plants in the medium water level and low water level treatments 

were not significantly different from one another (Figure 2.2.2). 
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Figure 2.2.1 – Changes in leaf area for Lobelia ionantha (HW = high water, MW = 

medium water, LW = low water, HL = high light, ML = medium light, LL = low light). 
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Figure 2.2.2 – Mean leaf area in Lobelia ionantha at different water levels, letters indicate 

results of Bonferoni comparison of means (same letter = not significantly different). 
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Figure 2.2.3 – Mean leaf area in Lobelia ionantha at different light levels, letters indicate 

results of Bonferoni comparison of means (same letter = not significantly different). 
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Figure 2.2.4 – Mean leaf area in Lobelia ionantha across all treatments, letters indicate 

results of Bonferoni comparison of means (same letter = not significantly different). 
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Leaf area was also significantly affected by light treatment (Figure 2.2.1), with a lower 

leaf area in plants exposed to high light.  The mean leaf area values of plants in the 

medium light and low light treatments were not significantly different from one another 

(Figure 2.2.3).  Additionally, leaf area was significantly affected by the interaction 

between light treatment and water level treatment.  This interaction is complex and some 

of the responses are somewhat counterintuitive (Figure 2.2.4).  The overriding pattern 

that can be discerned from these data is that water level has a much stronger effect on leaf 

area of Lobelia ionantha than light level. 

 Leaf length:leaf width ratio was significantly affected by water level treatment 

(Figure 2.2.5), with leaves exhibiting a longer, thinner shape in the submerged plants.  

The mean leaf length:leaf width ratio values of plants in the medium water level and low 

water level treatments were not significantly different from one another (Figure 2.2.6).  

The narrowing of leaves in the high water treatments was visually apparent, although the 

change in size of the leaves appeared to be the overriding factor in this process.  Leaf 

length:leaf width ratio was also significantly affected by light treatment (Figure 2.2.5), 

with leaves exhibiting a shorter, wider shape when fully shaded (low light).  The mean 

leaf length:leaf width ratio values of plants in the high light and medium light treatments 

were not significantly different to one another (Figure 2.2.7). 

 The number of growing tips was significantly affected by water level treatment 

(Figure 2.2.8), with plants in the medium water treatment having significantly more 

shoots than plants in the low water treatment.  Plants in the high water treatment had a 

mean number of shoots that was intermediate between the values for the other two 

treatments, but was not significantly different from either (Figure 2.2.9).  Number of 

growing tips was also significantly affected by light treatment (Figure 2.2.8), with plants 

in the medium light treatment having significantly more shoots than plants in the low 

light treatment.  Plants in the high light treatment had a mean number of shoots that was 

intermediate between the values for the other two treatments, but was not significantly 

different from either (Figure 2.2.10).  Total number of leaves was significantly affected 

by water level treatment (Figure 2.2.11), with plants in the medium water treatment 

having significantly more leaves than plants in the low water treatment. 
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Figure 2.2.5 – Changes in leaf length:width ratio for Lobelia ionantha (Legend as in 

Figure 2.2.1). 
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Figure 2.2.6 – Mean leaf length:width ratio in Lobelia ionantha at different water levels, 

letters indicate results of Bonferoni comparison of means (same letter = not significantly 

different). 
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Figure 2.2.7 – Mean leaf length:width ratio in Lobelia ionantha at different light levels, 

letters indicate results of Bonferoni comparison of means (same letter = not significantly 

different). 
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Figure 2.2.8 – Changes in number of growing tips for Lobelia ionantha (two omitted 

values off scale; 77, 103, Legend as in Figure 2.2.1). 
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Figure 2.2.9 – Mean number of growing tips in Lobelia ionantha at different water levels, 

letters indicate results of Bonferoni comparison of means (same letter = not sig. diff.). 
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Figure 2.2.10 – Mean number of growing tips in Lobelia ionantha at different light 

levels, letters indicate results of Bonferoni comparison of means (same letter = not 

significantly different). 
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Plants in the high water treatment had a mean total number leaves that was intermediate 

between the values for the other two treatments, but was not significantly different from 

either (Figure 2.2.12). 

0

20

40

60

80

100

120

140

160

180

200

1 2 3 4 5 6 7 8

time

N
um

be
r o

f l
ea

ve
s HW/HL

HW/ML
HW/LL
MW/HL
MW/ML
MW/LL
LW/HL
LW/ML
LW/LL

Figure 2.2.11 – Changes in number of leaves for Lobelia ionantha (Legend as in Figure 
2.2.1). 
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Figure 2.2.12 – Mean number of leaves in Lobelia ionantha at different water levels,  
letters indicate results of Bonferoni comparison of means (same letter = not sig. diff.). 
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Lobelia fatiscens (formerly Isotoma fluviatilis) 

 

Table 2.2.2 – Significance of responses to different environments in Lobelia fatiscens 
* p<0.05, ** p<0.01, *** p<0.005, **** p<0.001 
 Light Water Light x Water 

Leaf area F = 27.492 , 135**** F = 3.152 , 135* F = 1.244 , 135 

Leaf length:width F = 0.822 , 135 F = 5.782 , 135*** F = 2.484 , 135* 

Number of shoots F = 4.202 , 125* F = 2.202 , 125 F = 1.044 , 125 

Number of leaves F = 2.142 , 124 F = 0.282 , 124 F = 0.974 , 124 

Internode length F = 8.082 , 9** F = 5.772 , 9* F = 0.764 , 9 

 

 Light and water levels strongly affected Lobelia fatiscens’ morphology for all 

examined variables except total number of leaves, but variables were affected differently 

by either treatment parameter (Table 2.2.2).  Leaf area was significantly affected by light 

treatment (Figure 2.2.13), with a lower leaf area in plants exposed to high light.  The 

mean leaf area values of plants in the medium light and low light treatments were not 

significantly different from one another (Figure 2.2.14).  Leaf area was also significantly 

affected by water level treatment (Figure 2.2.13), but not in a linear fashion.  Leaf area 

was significantly lower in the submerged plants compared to plants in the medium water 

treatment, which had the greatest leaf area.  Plants in the low water treatment had an 

intermediate mean leaf area with respect to the other two treatments, but this value was 

not significantly different from the values of either of the other treatments (Figure 

2.2.15).  Overall, these results would appear to suggest that light level has a much 

stronger effect on leaf area in Lobelia fatiscens than water level. 

 Leaf length:leaf width ratio was significantly affected by water level treatment 

(Figure 2.2.16), with leaves exhibiting a significantly longer, thinner shape in the 

submerged plants compared to plants in the low water treatment.  The leaf shape of plants 

in the medium water treatment was intermediate between the two other treatments, but 

was not significantly different from either (Figure 2.2.17).  This change in morphology is 

readily apparent on specimens and this type of response has been anecdotally observed in 

other related species (see below). 
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Figure 2.2.13 – Changes in leaf area for Lobelia fatiscens (Legend as in Figure 2.2.1). 
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Figure 2.2.14 – Mean leaf area in Lobelia fatiscens at different light levels, letters 

indicate results of Bonferoni comparison of means (same letter = not significantly diff.). 
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Figure 2.2.15 – Mean leaf area in Lobelia fatiscens at different water levels, letters 

indicate results of Bonferoni comparison of means (same letter = not significantly diff.). 
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Figure 2.2.16 – Changes in leaf length:width ratio for Lobelia fatiscens (Legend as in 

Figure 2.2.1). 
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Figure 2.2.17 – Mean leaf length:width ratio in Lobelia fatiscens at different water levels, 

letters indicate results of Bonferoni comparison of means (same letter = not sig. diff.). 
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Figure 2.2.18 – Mean leaf length:width ratio in Lobelia fatiscens across all treatments, 

letters indicate results of Bonferoni comparison of means (same letter = not sig. diff.). 
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Leaf length:leaf width ratio was also significantly affected by the interaction between 

light treatment and water level treatment, but Bonferroni’s tests failed to determine the 

exact nature of this effect (Figure 2.2.18).  The overriding pattern that can be discerned 

from these data is that water level has a much stronger effect on leaf shape of Lobelia 

fatiscens than light level. 

The number of growing tips was significantly affected by light treatment (Figure 

2.2.19), with plants in the medium light treatment having significantly more shoots than 

plants in the high light treatment.  Plants in the low light treatment had a mean number of 

shoots that was intermediate between the values for the other two treatments, but was not 

significantly different from either (Figure 2.2.20).  Internode length was significantly 

affected by light treatment, with plants exposed to high light having significantly shorter 

internodes than plants in either of the other treatments.  The mean internode length value 

of plants in the low light and medium light treatments were not significantly different 

from each other (Figure 2.2.21).  Internode length was also significantly affected by 

water level treatment, with plants from the medium water treatment having significantly 

longer internodes than plants in the low water treatment.  Plants in the high water 

treatment had a mean internode length that was intermediate between the values for the 

other two treatments, but was not significantly different from either (Figure 2.2.22). 
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Figure 2.2.19 – Changes in number of growing tips for Lobelia fatiscens (Legend as in 

Figure 2.2.1). 
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Figure 2.2.20 – Mean number of growing tips in Lobelia fatiscens at different light levels, 

letters indicate results of Bonferoni comparison of means (same letter = not sig. diff.). 
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Figure 2.2.21 – Mean maximum internode length in Lobelia fatiscens at different light 

levels, letters indicate results of Bonferoni comparison of means (same letter = not 

significantly different). 
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Figure 2.2.22 – Mean maximum internode length in Lobelia fatiscens at different water 

levels, letters indicate results of Bonferoni comparison of means (same letter = not sig.). 
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Lobelia macrodon (syn. Pratia macrodon) 

 

Table 2.2.3 – Significance of responses to different environments in Lobelia macrodon 
* p<0.05, ** p<0.01, *** p<0.005, **** p<0.001 
 Light Water Light x Water 

Leaf area F = 2.862 , 135 F = 0.142 , 135 F = 0.364 , 135 

Leaf length:width F = 0.882 , 135 F = 0.322 , 135 F = 0.114 , 135 

Number of shoots F = 5.292 , 135** F = 2.432 , 135 F = 0.294 , 135 

Number of leaves F = 1.162 , 135 F = 2.712 , 135 F = 0.204 , 135 

Internode length F = 34.442 , 9**** F = 5.832 , 9* F = 1.734 , 9 

 

 Lobelia macrodon showed the least change in morphology under different light 

and water conditions, with only growth habit and internode length being significantly 

affected (Table 2.2.3). 

Leaf shape was not affected by changes in any of the variables and this evidence 

suggests that leaf shape is not a plastic morphological feature of this species. 

 The number of growing tips was significantly affected by light level (Figure 

2.2.23), with plants exposed to high light having significantly more shoots than plants 

from the low light treatment.  Plants in the medium light treatment had an intermediate 

mean number of shoots with respect to the other two treatments, but this value was not 

significantly different from either of the other values (Figure 2.2.24).  Internode length 

was also significantly affected by light level, with plants exposed to high light having 

significantly shorter internodes than plants from either of the other treatments, and plants 

from the low light treatment having significantly longer internodes than plants from 

either of the other treatments.  Plants from the medium light treatment had a mean 

internode length that was intermediate between the values for the other two treatments 

and was significantly different from both (Figure 2.2.25).  Internode length was also 

significantly affected by water level, with plants from the medium water treatment having 

significantly shorter internodes than plants from the low water treatment.  Plants in the 

high water treatment had a mean internode length that was intermediate between the 

values for the other two treatments, but was not significantly different from either (Figure 

2.2.26). 
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Figure 2.2.23 – Changes in number of growing tips for Lobelia macrodon (Legend as in 

Figure 2.2.1). 
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Figure 2.2.24 – Mean number of growing tips in Lobelia macrodon at different light 

levels, letters indicate results of Bonferoni comparison of means (same letter = not 

significantly different). 



 88 

0

2

4

6

8

10

12

14

16

Low Medium High
Light

M
ea

n 
m

ax
im

um
 in

te
rn

od
e 

le
ng

th
 

(m
m

)

 
Figure 2.2.25 – Mean maximum internode length in Lobelia macrodon at different light 

levels, letters indicate results of Bonferoni comparison of means (same letter = not 

significantly different). 
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Figure 2.2.26 – Mean maximum internode length in Lobelia macrodon at different water 

levels, letters indicate results of Bonferoni comparison of means (same letter = not sig.). 



 89 

Lobelia glaberrima (syn. Pratia ‘Old Man’, Pratia ‘Garvie’) 

 

Table 2.2.4 – Significance of responses to different environments in Lobelia glaberrima 
* p<0.05, ** p<0.01, *** p<0.005, **** p<0.001 
 Light Water Light x Water 

Leaf area F = 9.302 , 134**** F = 34.142 , 134**** F = 0.654 , 134 

Leaf length:width F = 0.472 , 134 F = 2.182 , 134 F = 1.254 , 134 

Number of shoots F = 10.272 , 135**** F = 24.892 , 135**** F = 5.854 , 135**** 

Number of leaves F = 8.282 , 135**** F = 25.362 , 135**** F = 3.394 , 135* 

Internode length F = 0.242 , 9 F = 22.612 , 9**** F = 2.414 , 9 

 

 Lobelia glaberrima was strongly affected by light and water levels for some 

variables but not for others (Table 2.2.4).  Leaf area was significantly affected by light 

treatment (Figure 2.2.27), with partially shaded (medium light) plants having 

significantly larger leaves than plants exposed to high light.  The mean leaf area value for 

fully shaded (low light) plants was intermediate between that of the other two treatments, 

but was not significantly different from the value for either of the other treatments 

(Figure 2.2.28).  Leaf area was also significantly affected by water level treatment, with 

submerged plants (high water) having significantly smaller leaves.  The mean leaf area 

values of plants in the medium water level and low water level treatments were not 

significantly different from one another (Figure 2.2.29), and these results are supported 

by an observation of the specimens. 

 Leaf shape was not affected by changes in any of the variables, suggesting that 

leaf shape is not a plastic morphological feature of this species. 

 The number of growing tips was strongly significantly affected by both light and 

water (Figure 2.2.30).  Fully shaded plants (low light) had significantly fewer shoots than 

plants in either of the other light treatments.  The mean number of shoots on plants 

exposed to high light and medium light were not significantly different from one another 

(Figure 2.2.31).  The number of growing tips was also significantly affected by water 

level, with submerged plants (high water) having significantly fewer shoots than plants in 

either of the other treatments. 
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Figure 2.2.27 – Changes in leaf area for Lobelia glaberrima (Legend as in Figure 2.2.1). 
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Figure 2.2.28 – Mean leaf area in Lobelia glaberrima at different light levels, letters 

indicate results of Bonferoni comparison of means (same letter = not significantly 

different). 
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Figure 2.2.29 – Mean leaf area in Lobelia glaberrima at different water levels, letters 

indicate results of Bonferoni comparison of means (same letter = not significantly diff.). 
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Figure 2.2.30 – Changes in number of growing tips for Lobelia glaberrima (Legend as in 

Figure 2.2.1). 
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Figure 2.2.31 – Mean number of growing tips in Lobelia glaberrima at different light 

levels, letters indicate results of Bonferoni comparison of means (same letter = not 

significantly different). 
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Figure 2.2.32 – Mean number of growing tips in Lobelia glaberrima at different water 

levels, letters indicate results of Bonferoni comparison of means (same letter = not sig.). 
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Plants from the low water level treatment had a mean number of shoots that was 

intermediate between the values for the other two treatments, and was significantly 

different from both.  Plants from the medium water level treatment had the highest 

number of shoots (Figure 2.2.32).  Additionally, number of growing tips was significantly 

affected by the interaction between light treatment and water level treatment (Figure 

2.2.33).  All of these results are also readily observable upon examination of specimens.  

Total number of leaves was also strongly significantly affected by all variables (Figure 

2.2.34).  Fully shaded plants had significantly less leaves than plants from either of the 

other two light treatments.  The mean total number of leaves for plants exposed to high 

light and plants exposed to medium light were not significantly different from one 

another (Figure 2.2.35).  Total number of leaves was also significantly affected by water 

level treatment, with submerged plants (high water) having significantly less leaves than 

plants in either of the other treatments.  Plants from the low water level treatment had a 

mean total number of leaves that was intermediate between the values for the other two 

treatments, and was significantly different from both.  Plants from the medium water 

level treatment had the highest total number of leaves (Figure 2.2.36).  Additionally, total 

number of leaves was significantly affected by the interaction between light treatment 

and water level treatment (Figure 2.2.37).  Internode length was significantly affected by 

water level treatment, with submerged plants having significantly shorter internodes than 

plants from either of the other treatments.  The mean internode length values for plants 

from the medium water level treatment and the low water level treatment were not 

significantly different from one another (Figure 2.2.38). 
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Figure 2.2.33 – Mean number of growing tips in Lobelia glaberrima across all 

treatments, letters indicate results of Bonferoni comparison of means (same letter = not 

significantly different). 
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Figure 2.2.34 – Changes in number of leaves for Lobelia glaberrima (Legend as in Figure 

2.2.1). 
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Figure 2.2.35 – Mean number of leaves in Lobelia glaberrima at different light levels, 

letters indicate results of Bonferoni comparison of means (same letter = not significantly 

different). 
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Figure 2.2.36 – Mean number of leaves in Lobelia glaberrima at different water levels, 

letters indicate results of Bonferoni comparison of means (same letter = not sig. diff.). 
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Figure 2.2.37 – Mean number of leaves in Lobelia glaberrima across all treatments, 

letters indicate results of Bonferoni comparison of means (same letter = not significantly 

different). 
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Figure 2.2.38 – Mean maximum internode length in Lobelia glaberrima at different water 

levels, letters indicate results of Bonferoni comparison of means (same letter = not sig.). 
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Lobelia perpusilla (syn. Pratia perpusilla) 

 

Table 2.2.5 – Significance of responses to different environments in Lobelia perpusilla 
* p<0.05, ** p<0.01, *** p<0.005, **** p<0.001 
 Light Water Light x Water 

Leaf area F = 2.352 , 135 F = 15.072 , 135**** F = 0.894 , 135 

Leaf length:width F = 3.412 , 135* F = 7.502 , 135**** F = 3.484 , 135** 

Number of shoots F = 2.132 , 126 F = 10.662 , 126**** F = 0.814 , 126 

Number of leaves F = 0.672 , 123 F = 4.572 , 123* F = 1.114 , 123 

Internode length F = 2.652 , 9 F = 0.082 , 9 F = 0.374 , 9 

 

 Lobelia perpusilla appeared to be affected by changes in light and water levels for 

all examined variables, and was significantly affected for all examined variables except 

internode length, but these changes were nearly exclusively a result of water level 

treatment and there appeared to be much less response to light levels (Table 2.2.5). This 

concurs with many anecdotal and published observations about morphological changes 

historically recorded in this species.  Leaf area was significantly affected by water level 

treatment (Figure 2.2.39), with plants in the medium water level treatment having 

significantly larger leaves than plants in either of the other treatments.  Submerged plants 

(high water) had significantly smaller leaves than plants in either of the other treatments.  

Plants in the low water treatment had a mean leaf area value that was intermediate 

between the values for the other treatments and was significantly different from both 

(Figure 2.2.40). 

 Leaf length:leaf width ratio was barely significantly affected by light treatment 

(Figure 2.2.41), but the mean leaf length:leaf width ratio values from any of the 

treatments were not significantly different from one another (Figure 2.2.42).  Leaf 

length:leaf width ratio was also significantly affected by water level treatment (Figure 

2.2.41), with submerged plants (high water) having significantly longer, narrower leaves 

than plants in either of the other treatments.  The mean leaf length:leaf width ratio values 

for plants from the medium water level and low water level treatments were not 

significantly different from one another (Figure 2.2.43). 
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Figure 2.2.39 – Changes in leaf area for Lobelia perpusilla (Legend as in Figure 2.2.1). 
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Figure 2.2.40 – Mean leaf area in Lobelia perpusilla at different water levels, letters 

indicate results of Bonferoni comparison of means (same letter = not significantly 

different). 
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Figure 2.2.41 – Changes in leaf length:width ratio for Lobelia perpusilla (Legend as in 

Figure 2.2.1). 
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Figure 2.2.42 – Mean leaf length:width ratio in Lobelia perpusilla at different light levels, 

letters indicate results of Bonferoni comparison of means (same letter = not significantly 

different). 
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Figure 2.2.43 – Mean leaf length:width ratio in Lobelia perpusilla at different water 

levels, letters indicate results of Bonferoni comparison of means (same letter = not 

significantly different). 
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Figure 2.2.44 – Mean leaf length:width ratio in Lobelia perpusilla across all treatments, 

letters indicate results of Bonferoni comparison of means (same letter = not sig. diff.). 
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Leaf length:leaf width ratio was also significantly affected by the interaction between 

light treatment and water level treatment (Figure 2.2.44). 

 Number of growing tips was significantly affected by water level treatment 

(Figure 2.2.45), with plants from the medium water level treatment having significantly 

more shoots than plants from either of the other treatments.  The mean numbers of shoots 

for plants from the high water level and the low water level treatments were not 

significantly different from one another (Figure 2.2.46).  This situation is visually 

apparent in specimens, but more so in one accession (Eweburn Dam) than the other 

(Henry Creek).  Total number of leaves was also significantly affected by water level 

treatment (Figure 2.2.47), with plants from the medium water level treatment having 

significantly more leaves than submerged plants.  Plants from the low water level 

treatment had a mean total number of leaves that was intermediate between the other two 

treatments, but was not significantly different from either (Figure 2.2.48).  Again, this 

was apparent in specimens, but more so in the Eweburn Dam plants than the Henry Creek 

plants. 

 According to the statistical analysis, there were no significant differences in 

internode length as a result of any of the treatment parameters, but upon inspection of 

specimens it seemed that plants from the high light treatment had considerably shorter 

internodes than plants from the other treatments.  This indicates the method protocol for 

this part of the experiment could be improved.  There wasn’t an apparent difference 

between the internode lengths of plants from either of the shaded treatments. 
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Figure 2.2.45 – Changes in number of growing tips for Lobelia perpusilla (Legend as in 

Figure 2.2.1). 
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Figure 2.2.46 – Mean number of growing tips in Lobelia perpusilla at different water 

levels, letters indicate results of Bonferoni comparison of means (same letter = not 

significantly different). 
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Figure 2.2.47 – Changes in number of leaves for Lobelia perpusilla (Legend as in Figure 

2.2.1). 
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Figure 2.2.48 – Mean number of leaves in Lobelia perpusilla at different water levels, 

letters indicate results of Bonferoni comparison of means (same letter = not significantly 

different). 
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Discussion 
 

 Due to the limitations of time and space and also the scope of this thesis, this 

experiment was not as robust as it could have been, but it should serve as a starting point 

to point the way for future investigators who wish to delve deeper into the questions 

surrounding these species.  Unfortunately it was not practical to include all New Zealand 

Lobelioid species in this experiment, but future investigations should almost certainly 

include all species making up the core group (excluding Lobelia (syn. Colensoa) 

physaloides and Lobelia anceps). 

 Both plastic changes in leaf morphology arising as a result of submergence and 

plastic changes in overall growth form can be observed in most of the species 

investigated in this experiment.  Additionally, several species exhibited a similar 

syndrome of a change in leaf shape under waterlogged conditions that caused their leaves 

to converge on a similar appearance, and this may be the source of some of the historic 

problems with identification.  The change in leaf shape for Lobelia perpusilla was 

apparent upon examination of specimens and this result provides strong experimental 

evidence to corroborate observations of Peter Johnson and others that Lobelia 

perpusilla’s leaves become narrower and elongated under waterlogged conditions 

(Johnson and Brooke 1989).  This effect was much more noticeable in one accession 

(Eweburn Dam) of this species than the other (Henry Creek), and was also apparent on 

the leaves of plants from the other treatments that had outgrown their pots and ended up 

with shoots that hung down into the water.  Lobelia perpusilla’s leaf shape was also 

affected by the interaction between light treatment and water treatment.  While this 

interaction is complex, the overriding pattern that can be discerned from these data is that 

water level has a much stronger effect on leaf shape of Lobelia perpusilla than light level, 

and that there is an additive effect, with the longest, narrowest leaves occurring in the 

high light/high water treatment combination.  Leaf size of Lobelia perpusilla was also 

affected by water level treatment, but it should be noted that leaf size is generally highly 

variable within a single individual for both accessions, and this would have the potential 

to confound results.  However, the results do accord with long reported anecdotal 

observations of a reduced leaf size when the plant is found in waterlogged situations.  A 
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similar effect on leaf size could also be observed in Lobelia ionantha, and as with Lobelia 

perpusilla these results support anecdotal observations made by numerous botanists that a 

small-leaved form of Lobelia ionantha is encountered when it is found in extremely 

waterlogged situations (pers. comm. J. Barkla).  This change in morphology was readily 

apparent on specimens.  Leaf size of Lobelia fatiscens was also affected by water level 

treatment but not in a linear fashion.  This morphological change was not readily apparent 

on specimens due to the non-linear nature of the response, and could only be equivocated 

through the use of statistics.  But the leaf area of Lobelia fatiscens does appear to be 

reduced by some unknown mechanism under waterlogged conditions, and is also reduced 

if there is a lack of water.  Distinguishing New Zealand Lobelioid species from one 

another is difficult to begin with, but in waterlogged situations, at least for the three 

species mentioned above, the few leaf characters that can be used for identification 

become indistinguishable due to the reduced leaf size, and the difference in leaf size 

disappears (see Figure 2.2.49). 

Figure 2.2.49 – Convergence of leaf shape between Lobelia ionantha, Lobelia fatiscens, 

and Lobelia perpusilla under waterlogged conditions 
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 For the results just discussed, in some cases the responses were observed only in 

one of two accessions of a species.  This would seem to indicate that the plasticity 

responses observed are under genetic control that varies among potential ecotypes locally 

adapted to different conditions.  For example, one variety of a species may come from a 

habitat where submergence is less likely to occur and since survival of plants in the 

population did not depend on an adaptation to submergence, the ability to tolerate 

submergence could easily be lost.  However it is important to note that whether the 

plastic change in leaf shape when submerged observed in these species is in fact of 

adaptive significance, or is merely a result of the retardation of normal development due 

to physiological constraints is unknown at this stage.  And it is easy to imagine how it 

would be possible for characters like leaf shape and size to be variable without 

necessarily impacting survival and reproductive success.  The physiological mechanism 

responsible for the changes in leaf morphology due to submergence is unknown, but it 

appears to occur wholly independently of any effect of light levels.  Such a phenomenon 

is known from many plants of aquatic situations and has often been linked to 

physiological constraints arising from a lack of available oxygen to submerged plant 

parts.  Other phenomena that have been linked to such a response are an increase in root 

aerenchyma cells and an overall decrease in root growth, factors that were not directly 

measured in this experiment.  However it should be noted that decreased root growth was 

anecdotally apparent in many of the plants from the submerged treatments.  Furthermore 

all of the plants used in this experiment are now permanently preserved as herbarium 

specimens, so it would be possible for any interested future investigator to revisit any of 

these questions raised, including a closer examination of the roots.  Whatever the 

physiological mechanism responsible for this change, it would seem likely to be the same 

mechanism following the same developmental pathways in all of the species showing that 

response in this experiment, due to the close genetic relationship between them.  Teasing 

apart the mechanism responsible for this change is an area which requires further 

investigation with more complex, specially designed experiments. 

 Most species also exhibited a tendency to have smaller leaves in well lit situations 

and larger leaves in shaded situations, and this type of response had been recorded in 

other plant families.  This is thought to be a resource optimisation strategy as 
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photosynthetic efficiency is greater in higher light, and less leaf area is needed to capture 

the same amount of effective light.  This type of change was readily apparent in all 

experimental specimens, but was only statistically significant for Lobelia ionantha and 

Lobelia fatiscens.  Lobelia macrodon plants from the high light treatment appeared to 

have considerably smaller leaves than plants from both the medium light and low light 

treatments, and plants from the medium light treatment appeared to have slightly smaller 

leaves than plants from the low light treatment.  This effect was more visually obvious in 

one accession of Lobelia macrodon than the other.  In Lobelia glaberrima fully shaded 

plants had much larger leaves than plants exposed to high light or medium light, and 

plants exposed to medium light had slightly larger leaves than plants exposed to high 

light.  In Lobelia perpusilla plants from the high light treatment appeared to have overall 

smaller leaves, but based on a statistical analysis of the data collected, none of these 

differences appear to be statistically significant.  It is possible that the non-significance of 

these results is an erroneous conclusion based on the limited data set that was able to be 

collected for this experiment.  Due to a large number of replicates, only one leaf was 

measured from each plant at each data collection time point and this would have the 

potential to skew the results toward non-significance if, for example, the one leaf that was 

measured on a particular plant just happened by chance to be peculiarly large compared 

to all the other leaves on the specimen.  This situation was compounded in Lobelia 

glaberrima by the fact that many of the plants from the high water treatment were either 

dead, or nearly dead, and this complicated the leaf measurement process and may have 

resulted in erroneous values being added to the data set which was analysed, due to a lack 

of available leaves to measure.  However, this conclusion, while potentially likely, cannot 

be supported without the collection of further data.  It should also be noted that while the 

results were not statistically significant for Lobelia macrodon, they were nearly so 

(p=0.06), and since the response for all three species appears to be stronger in one 

accession than the other, this may have skewed the results enough to keep them short of 

statistical significance.  A singular focus on ecotypic variation with more exhaustive data 

collection methods could be an avenue for further investigations in this area.  

Additionally, it would be possible for future investigators to revisit this specific 
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experiment and collect a more meticulous data set, as the herbarium specimens and 

digital images produced as a part of this experiment will now be preserved indefinitely. 

 Most of the other changes observed as a result of this experiment were changes in 

overall growth form of the type referred to by some as ‘plant foraging’ (Evans and Cain 

1995).  It seems fairly clear that some of the species investigated are able to direct their 

growth such that they are able to preferentially avoid areas of unfavourable conditions 

and proliferate in areas of favourable conditions.  Many of the species increased their 

internode length, or in some cases, their petiole length, although this was not measured, 

in an apparent attempt to ‘escape’ from waterlogged conditions.  And many of those 

species also appeared to produce more leaves spaced closer together in conditions with 

not too much moisture and good light. 

 Lobelia ionantha appears to prefer high moisture environments, as evidenced by 

the species’ distribution in aquatic and semi aquatic habitats.  Plants in a water deficient 

situation (low water) appear to adopt a linear growth habit, perhaps to increase the 

likelihood of encountering a more suitable moisture regime.  Plants that are getting 

enough water (medium water and high water treatments) appear to branch more, perhaps 

to make wider use of the favourable moisture regime.  This type of habitat preference is 

also reflected in the results for total number of leaves, a more direct indicator of plant 

vigor.  Lobelia ionantha also appears to prefer well lit situations, with plants in a fully 

shaded situation adopting a linear growth habit, perhaps to increase the likelihood of 

encountering a well lit area.  Plants that are getting enough light (medium light and high 

light treatments) appear to branch more, perhaps to make wider use of the favourable 

light regime.  These results also reflect a balance between the light and water 

requirements for this species and would suggest that Lobelia ionantha is quite sensitive to 

drying out, as evidenced by plants with the least number of leaves from both replicates 

resulting from the low water/high light treatment combination, where drying would be 

greatest.  Lobelia ionantha can tolerate extreme waterlogging and submergence, but 

appears to prefer very moist soil over being totally submerged.  In nature, Lobelia 

ionantha is however often found in extremely waterlogged and often temporarily 

submerged situations, and while the results of this experiment indicate that this is 

probably not necessarily the preferred habitat of this species, this distribution pattern is 
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probably a result of competition with other native and introduced wetland plant species.  

It is suggested that Lobelia ionantha may grow better in slightly less waterlogged 

situations than it is generally found in the wild, but so too do other species, and the 

natural distribution of Lobelia ionantha along a gradient of soil moisture reflects a 

balance between optimal growth and competition.  It should also be noted that many 

populations of Lobelia ionantha in the wild occupy sites associated with ephemeral pools 

that are ponds in winter and dry hollows in summer, and that their ability to occupy such 

sites probably reflects an increased ability to withstand the extreme fluctuation between 

submergence and drying out compared to other competing plants. 

 Lobelia fatiscens adopts a more linear growth habit under conditions of high light, 

and proliferates branches under lower light conditions.  This could be interpreted as a 

type of ‘foraging’ response; however the classic foraging response is generally 

characterised by either a proliferation of branches with more compact internodes, or a 

lack of branching and an increased internode length (‘stretching’).  In this case, low light 

conditions appear to induce a proliferation of branches and a stretching of the internodes.  

However, the situation of longer internodes under low light conditions and more compact 

internodes under high light conditions has been well established for many plants.  

Additionally shorter internodes on plants from the high light treatment are readily 

apparent upon examination of specimens.  It is possible that Lobelia fatiscens favours 

more shaded conditions, and therefore proliferates branches under these conditions so as 

to occupy more ground area in a favourable habitat.  Alternatively, it could be that the 

proliferation of branches serves to increase the available area for light capture in low light 

situations.  However, there were no significant differences in total number of leaves 

between any of the treatments and this would seem to suggest that all plants grew equally 

well under all conditions.  Lobelia fatiscens is nearly always found as a semi-aquatic 

plant, but based on the results of this experiment it would appear that the plant really has 

no preference of habitat with regard to light levels or water levels, evidenced by the total 

number of leaves data.  The natural distribution of this species is therefore likely to be 

constrained by competition with other native and introduced wetland species that occupy 

similar habitats.  Based on the outcome of this experiment it appears as though Lobelia 

fatiscens can grow in a wide range of light exposure and waterlogged conditions, but 
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where it is in fact found in the wild reflects a balance between optimal growth conditions 

and competition with faster growing species that fill the same niche, similar to the 

situation postulated for Lobelia ionantha above. 

 The responses in Lobelia macrodon of the number of shoots and internode length 

to light taken together represent the classic ‘foraging for light’ response that has been 

described in other species (Evans and Cain 1995).  Lobelia macrodon when faced with 

conditions of abundant light expresses compact internodes and proliferates branches, 

presumably in order to make greater use of a favourable habitat by occupying more 

ground area and having leaves close together.  When faced with conditions of low light, 

this species adopts a more linear growth habit and increases internode length, resulting in 

the leaves being spaced further apart, presumably in an effort to cover as much distance 

as possible in search of a more favourable habitat.  Lobelia macrodon plants from the 

high water treatment appeared to be considerably smaller than plants from either the 

medium water or low water treatment.  However, statistical analysis revealed no 

significant differences between total numbers of leaves on plants for any of the treatment 

parameters, but the difference in total number of leaves was close to significant with 

regard to water level (p=0.07).  This lack of significance may have resulted from the 

mean values used for the statistical analysis being thrown off by an aberrant outlier (one 

plant in the high water, medium light treatment combination was unusually large), 

skewing the results.  Additionally, the somewhat shorter internodes of plants in the high 

water treatment may have contributed to their smaller appearance.  If this observation is 

taken at face value it would appear to suggest that Lobelia macrodon does not favour 

being submerged, and it is indeed hardly ever found in such a situation in nature. 

 In Lobelia glaberrima it is visually apparent that fully shaded plants have much 

longer internodes than plants exposed to high light or medium light, and plants exposed 

to medium light have slightly longer internodes than plants exposed to high light, but this 

result was not borne out in the statistical analysis.  One possible explanation for this is 

skewed data resulting from missing values for internode length within the already limited 

data set, caused by the plants from the high water/low light treatment combination, which 

had completely died.  All of these variables taken together fulfill expectations of a 

‘foraging’ response with respect to light levels, and also that of a somewhat fussy plant 
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that is sensitive to stress, especially from waterlogging.  Lobelia glaberrima, when faced 

with conditions of abundant light expresses compact internodes and proliferates branches, 

presumably in order to make greater use of a favourable habitat by occupying more 

ground area and having leaves close together.  When faced with conditions of low light, 

this species adopts a more linear growth habit and increases internode length, resulting in 

the leaves being spaced further apart, presumably in an effort to cover as much distance 

as possible in search of a more favourable habitat.  With regard to stress induced by water 

level treatment, the most apparent morphological difference is the extremely limited 

growth, and in several cases complete death, of the submerged plants.  Extensive shading 

combined with submergence was sufficiently stressful to kill both accessions of this 

species.  Plants that were submerged and partially shaded grew a little, but they were 

extremely sickly and most of their leaves died and rotted except for those at the very tips 

of growing branches.  Plants that were submerged and exposed to high light appeared to 

hardly grow at all, and at the end of the experiment, were much the same size as the 

original cuttings at the beginning of the experiment, although many of their leaves had 

died and rotted.  Plants in the medium water level treatment grew much better than plants 

from the other water level treatments.  These results show that: Lobelia glaberrima 

proliferates best in wet but not submerged conditions (medium water), low light is 

detrimental to the proliferation of shoots and leaves in Lobelia glaberrima, and 

submergence (high water levels) is always detrimental to the proliferation of shoots and 

leaves in Lobelia glaberrima.  Most of these results are readily observable in specimens.  

However it is worth noting that with regard to the response of plants to light levels, one 

individual accession of this species appeared to grow better and produce more leaves in 

high light (Waikaia Bush Rd.), but overall growth and production of leaves in the other 

accession appeared to not respond to light level, with only internode length and leaf size 

visibly changing with these conditions for this variety (Penguin Tor).  These experimental 

results agree well with the situation in which Lobelia glaberrima is found in nature.  

Generally, Lobelia glaberrima is found in late snowbanks, alpine gullies in which snow 

persists for the longest duration.  Within those gullies, this species is often found at the 

point where the side of the gully meets the bottom, the point of inflection for the change 

in topography within the gully and the exact point where the soil remains moist from 
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drainage off the sides of the gully, but where the soil is not so waterlogged as in the 

middle of the gully where there is often a creek or significant pooling of water.  This 

suggests that the natural distribution of Lobelia glaberrima is actually reflective of the 

optimal growing conditions of this species, as opposed to being merely an artifact of 

competition with other species filling a similar niche.  As with other species in this 

experiment that appeared to be negatively affected by submergence, root production also 

appeared to be reduced under high water level conditions, but this variable was not 

directly measured.  It should also be noted here that in hindsight it now appears possible 

that both the specimens described above and the specimens provided for this experiment 

under the auspices of being Lobelia macrodon, may have in fact been the same species.  

The Lobelia macrodon specimens for this experiment came from the Umbrella Range in 

Northern Southland and Sealy Tarns in Mt. Cook National Park, and were somewhat 

distinct in vegetative morphology from the specimens described as Lobelia glaberrima 

above.  However, according to the official description of Lobelia glaberrima by Heenan 

(Heenan et al. 2008), all Lobelia macrodon like plants found in the southern half of the 

South Island are considered to be Lobelia glaberrima, which would definitely include 

specimens on the Umbrella Range and would likely include specimens at Sealy Tarns 

(see Chapter 3, Chapter 5). 

 In Lobelia perpusilla an effect of light on internode length was visible but not 

statistically significant.  This discrepancy is most likely related again to the limited 

amount of measurements that were able to be taken due to time constraints.  Only one 

internode was measured from each plant, and in hindsight, due to somewhat variable 

internode lengths generally, this probably did not provide an accurate representation of 

the overall internode lengths and their differences under different conditions for this 

species.  While some strong trends were observed statistically and apparent visually, a 

major finding from this experiment for this particular species is that one accession can be 

highly variable for a number of morphological traits, across a range of environmental 

conditions, and this could prove confusing for people trying to identify this species. 

 The aim of this experiment was to shed light on the plastic changes in leaf 

morphology experienced by these species that have historically confounded identification 

efforts.  While these results do confirm historical observations and paint a picture of the 
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prevalence and scale of some of these changes, unfortunately they do not further serve to 

enlighten taxonomic identification.  They do however stress the unreliability of 

traditional leaf characters when keying out species, and further emphasise the need for 

extreme diligence and caution when working with these species in the absence of floral 

and fruit material. 
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Chapter 3 – Morphology and Biogeography of the New 
Zealand Species 
 

3.1 Introduction 
 

 The original impetus for this study arose out of the preliminary finding that new 

phylogenies created from chloroplast DNA sequence data showed groupings that did not 

conform to established generic delimitations (Knox, unpublished data).  This suggested 

that the morphological characters used to delimit groups in previous taxonomic 

treatments were either homoplasic and/or originally erroneously recorded.  Having the 

veracity of original morphological descriptions called into question is frustrating for any 

investigator who relies on those descriptions to inform his or her inquiries, but it is 

especially frustrating for all concerned parties when it relates to groups whose species are 

already superficially similar and are regularly misidentified as one another.  The lack of 

quality information surrounding the true morphological character states for many of these 

species has been a barrier to deeper understanding for decades, and these types of 

difficulties can only be overcome by taking fresh stock of the actual morphological 

character states for each species.  The aim of this part of the study was to re-examine 

fresh specimens of as many species as possible in order to corroborate historical character 

state information and to fill in knowledge gaps missing from any previous descriptions.  

The methods undertaken to investigate each species, and the characters investigated are 

presented below along with complete morphological descriptions and figures, based on 

direct observation and measurements.  This is followed by the results of a discriminant 

analysis that was performed on characters for which quantitative data were available. 
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3.2 Methods 
 

 A wide range of field collected, cultivated and herbarium material was examined 

to build up a consistent and accurate morphological description for each species.  

Measurements were also taken of a selected range of morphological characteristics to 

facilitate a statistical analysis of the level of morphological difference between the 

species.  Herbarium specimens of native New Zealand Lobelioids from the University of 

Otago (OTA) collection were examined, and all of their accession data was entered in to 

a database.  These data were combined with electronic accession data from the Allan 

Herbarium (CHR, Lincoln, NZ), to build up a picture of the distribution of the target 

species around the South Island.  The distributions that were determined using herbarium 

data were then supplemented using records of observations from Department of 

Conservation (DOC) employees and personal correspondence with other botanists around 

New Zealand.  Once the distribution of each species was determined, target areas of high 

Lobelioid diversity and abundance were identified, and specimens collected over 5 trips, 

spanning from November 2005 to May 2006.  Specimens were preserved as herbarium 

accessions and cultivated plants where sufficient material was available.  Mature flowers 

and fruits were collected and preserved in ethanol and dry envelopes respectively. 

 Even though plasticity of floral and fruit characters does not seem to be an issue 

with these species, it was best to rule out any possible influence of environmental effects 

when conducting comparative morphological examinations.  For this reason observations 

from the field and herbarium specimens were supplemented with observations of fresh 

cultivated material of each species grown under uniform conditions in a common garden.  

In this way, all of the effects of light, fertility, water availability, insect damage and any 

other possible environmental factor influencing the appearance of plants in the field or on 

the herbarium specimen could be ruled out (Clausen et al. 1939).  These observations 

could then be added to information gleaned from field observations and herbarium 

specimens to build up a full, robust description of each species. 

 In addition to merely describing the morphology of each species, special attention 

was paid to the notion of phylogenetically ‘informative characters’.  Many characters 

were examined for this study, and as would be expected in a group of such closely related 
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species, many of the character states for a given feature were shared across all species.  

But some features such as the size of certain organs, the presence or absence of hairs on a 

particular organ, or the ratio of sizes and level of interconnectedness between one organ 

and another were not shared between all species, and it is these characters that can inform 

us about accumulated genetic divergence as a result of evolution.  It is the sum of all the 

differences between these informative characters that tells the true story of evolution 

among the New Zealand Lobelioids, and by investigating the comparative morphology of 

all of these species side by side and accounting for the multiple aspects of difference 

between them, we can hopefully make up for the past transgressions of single character 

taxonomy and point a way toward a more informed view of the evolution of these species 

and their close relatives. 

 Thirty-four accessions of 10 species were collected and cultivated.  Nearly all 

species were represented by at least three accessions from throughout the species’ 

geographical range.  From these accessions, 71 flowers were examined for fine scale 

morphological features.  Flowers were dissected and prepared as permanent mounts in 

glycerol jelly to enable ease of measurement.  It was determined that freshly dissected 

specimens tended to preserve the fine scale morphological features when transferred to 

the permanent mount much better than specimens preserved in ethanol.  Fresh flowers 

were used for morphological measurements wherever possible to facilitate maximum 

consistency across measurements.  A small number of preserved specimens were used 

where no fresh material was available. 

Glycerol jelly was melted down in a small glass jar using a slide warmer.  A slide 

was placed on the slide warmer and the slide was covered with a surface of glycerol jelly 

using a glass rod.  Flowers to be examined were then removed from their parent plant, 

dissected into their constituent parts and laid out flat on the slide.  First the calyx lobes 

were detached and placed on the slide. Then the corolla tube was split down the back and 

detached from the receptacle.  It was then unrolled and laid flat on the slide and the 

filaments were detached at the point of fusion with a fine forceps.  The anther tube, with 

filaments attached, was split open with a very fine needle, unrolled and placed flat on the 

slide.  The ovary was sectioned longitudinally by hand and placed on the slide.  Another 
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surface of glycerol jelly was painted over the dissected material and covered with a 

coverslip.  Each slide was then labeled and left to dry. 

Because of the extremely small size of the flowers, the dissection process had to 

be carried out under a Leica dissecting microscope.  During this process, the opportunity 

was taken to record morphological features that were readily apparent and did not require 

measurement, such as textures and colours.  The following features were recorded: 

 

• Peduncle texture, peduncle hairiness, presence or absence of scale leaves at the 

base of the peduncle;  

• Degree of calyx lobe fusion, calyx lobe colour, calyx lobe shape, calyx lobe 

orientation (curvature), calyx lobe texture, calyx lobe hairiness, calyx lobe margin 

shape, calyx lobe apex shape; 

• Corolla overall colour, additional corolla colour patterns, flower scent, degree of 

corolla tube fusion, corolla tube hairiness, corolla lobe shape, corolla lobe 

orientation (curvature), corolla lobe hairiness, corolla lobe apex shape; 

• Degree of fusion between filaments and corolla tube, filament colour, filament 

hairiness, anther colour; 

• Nectary colour, nectary hairiness; 

• Ovary/receptacle colour, ovary/receptacle texture, ovary/receptacle hairiness, 

ovary/receptacle apex shape; 

• Style colour, style shape and stigma lobe colour. 

 

After the permanent mounts had fully set, dissected flowers were examined under an 

Olympus CH-2 compound microscope.  The following features were measured in 

microns: 

 

• Peduncle length, peduncle width at the top, peduncle width at the base; 

• Length of all calyx lobes, width of all calyx lobes; 

• Corolla tube length, length of all corolla lobes, width of all corolla lobes; 

• Filament length, filament width, anther length, anther width, anther awn length, 

anther bristle length, pollen diameter; 
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• Nectary height; 

• Ovary length, ovary width; 

• Style length, style width for majority of length, style width at base, stigma lobe 

length, stigma lobe width and stigma hair length; 

 

Where some features were too large to be easily measured under the compound 

microscope, the slides were examined under the Leica dissecting microscope, and those 

features were measured using steel vernier calipers, but this method of measurement was 

kept to a minimum in the interest of consistency. 

 Because of the small size of the flowers and the close proximity of all the floral 

parts, on gross morphological examination, it was not always possible to be certain about 

the presence or absence of hairs in certain situations.  Hairiness characters were revisited 

when specimens were viewed under the compound microscope, and consistent records 

were made of hair presence, size and extent on floral parts across all specimens.  The 

most common sites of hair presence were the corolla, filaments, and nectary.  Hairs were 

also found on the ovary, peduncle and calyx margins of some specimens.  

 Length of corolla in late bud, width of whole corolla when open and width of 

corolla tube are three characters that have been frequently used in floral morphological 

descriptions.  Because of the amount of material to be processed, the overlap in flowering 

times of species and accessions within species, and the protocol used to maintain 

consistency, it was not always possible to directly measure these characters for each 

variety of each species.  Therefore these characters were calculated from data obtained 

during microscope measurement, and were supplemented with direct measurements 

where possible.  The length of the corolla in late bud was calculated as the sum of corolla 

tube length and length of the longest front corolla lobe.  The width of the whole corolla 

when open (D) was calculated as D = √(A²/2) + √(B²/2) + C (the sum of: the square root 

of the length (mm) of the left front corolla lobe (A) squared and then divided by two, the 

square root of the length of the right front corolla lobe (B) squared and then divided by 

two, and the width of the corolla tube at the top (C) see FIGURE 3.2.1).  The width of the 

corolla tube at the top and at the base was calculated as the circumference of the corolla 

tube at either point (measured as the distance across the flat, unrolled tube) divided by pi. 
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Figure 3.2.1 – Flower width calculation 

 

 Where available, mature fruits were detached from the parent plant and measured 

with steel vernier calipers.  The fruits were then dissected to allow examination of their 

internal structure, especially at the apex of the ovary.  Any available seeds were removed, 

counted and then mounted on to slides of glycerol jelly.  Once the permanent mounts had 

set, seeds were examined under the compound microscope for surface texture features.  

Descriptions of all of the above were compiled and illustrative photos of key phenomena 

were collated for presentation here. 
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3.3 Results 
 

Lobelia anceps 
 

Type Specimen 

Unknown 

 

Description 

This species has been easily recognised as distinct from the other New Zealand 

Lobelioids since Hooker, in that the plant is erect or decumbent instead of prostrate, 

creeping and rooting at nodes, it has three-angled and sometimes winged instead of round 

stems, and the leaves are much narrower and longer (spatulate instead of ovate).  This 

species was excluded from the floral morphological analysis as no fresh floral material 

was available because the one cultivated specimen established for this study died 

unexpectedly.  However, field-collected seeds of this species were observed to be 

covered in longitudinal striate ridges with grooves in between, quite obviously different 

from the seeds of all other Lobelioids examined in this study. 

 

Chromosome Number 

2n = 14 (Beuzenberg and Hair 1959) 
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Distribution 

 
Figure 3.3.1 – Distribution of Lobelia anceps throughout New Zealand 

 

Lobelia anceps occupies predominantly coastal areas, often on cliffs, wet rock crevices, 

gravels or sand, and also some lowland areas throughout both islands to about 45° South.  

This species is also found on the Kermadec Islands, the Three Kings Islands and the 

Chatham Islands, as well as parts of Tasmania, offshore islands of Chile, and wider areas 

of the Pacific and Indian Oceans. (Allan 1961, Johnson and Brooke 1989). 

 

Lobelia anceps exhibits an entirely coastal distribution and has dehiscent capsular fruits, 

suggesting dispersal by wind and possibly flowing water.  Many of the coastal areas 

which this species inhabits are often buffeted by winds of such magnitude that it is easy 

to imagine seeds being shaken loose from the capsules and carried some distance by the 

wind currents either through the air or rolling along the ground.  Additionally due to the 

close proximity of growing plants to the open ocean, it is possible that seeds could float 

to a distant location and germinate after being washed ashore.  Experiments investigating 

the survivability of seeds of this species submerged in salt water for varying lengths of 

time may provide some evidence to support or refute this hypothesis.  However given the 
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wide coastal distribution of this species around New Zealand and throughout the Indian 

and Pacific Oceans this scenario appears likely.  Another possibility for dispersal of this 

species would be rafting of whole plants as a part of turfs washed out to sea during a 

storm event, but this scenario seems less likely.  Additionally, the possible influence of 

seed carrying birds and insects can not be ruled out. 

 

Collections 

One specimen of this species was collected and cultivated in the Botany Department 

Garden, Dunedin. 

 

LACF – Cape Foulwind Seal Colony, Westport (1471696E 5375321N) 

 

 

Lobelia (syn. Colensoa) physaloides 
 

Type Specimen 

K – R. Cunningham – Wangaroa, Matauri, Bay of Islands 

 

Description 

This species is morphologically and genetically distinct from all other New Zealand taxa, 

and was not the subject of this investigation.  Furthermore it only grows in the extreme 

north of the North Island and populations were not accessible to this author. 

 

Chromosome Number 

2n = 26 (Murray et al. 1992) 
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Distribution 

 
Figure 3.3.2 – Distribution of Lobelia physaloides throughout New Zealand 

 

Lobelia physaloides occupies coastal and lowland stream sides and damp Kauri forest 

margins throughout Northland, the Three Kings Islands and the Poor Knights Islands 

(Allan 1961, Given 1981). 

 

Lobelia physaloides is likely to be primarily animal dispersed, judging by the fleshy 

fruits. 

 

Collections 

No specimens of this species were collected or cultivated by this author. 
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Lobelia roughii 
 

Type Specimen 

K – Rough – Nelson Mountains 

 

Description 

Unfortunately, no material of L. roughii was able to be observed in the field or collected 

by this investigator for this study, as no populations of this rare and cryptic species were 

located during the course of this study.  Cultivated material was also sought from private 

collections, but none was able to be obtained as this species is notoriously difficult to 

cultivate (D. Lyttle pers. comm.). 

 

Chromosome Number 

2n = 14 (Beuzenberg and Hair 1959) 

 

Distribution 

 
Figure 3.3.3 – Distribution of Lobelia roughii throughout New Zealand 
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Lobelia roughii is similar to Lobelia macrodon and Lobelia glaberrima in many respects, 

but is specially adapted to growing on scree slopes, and as such is exclusively found on 

areas of loose shingle debris in the South Island north of 45° (Allan 1961, Mark and 

Adams 1973, Moore and Irwin 1978). 

 

Lobelia roughii clearly relies on wind for the majority of seed dispersal as it produces 

dehiscent capsules whose peduncles elongate as they mature so as to thrust mature seeds 

into the powerful wind currents that exist in its habitat and its current distributions appear 

to reflect all suitable habitats which wind dispersed seeds could practically reach.  

Furthermore, as it occurs in the alpine zone, the possibility for transportation of seeds by 

mountain Weta exists here too.  Also as it is a prostrate Lobelia that theoretically roots at 

the nodes, the possibility for transportation of vegetative fragments also exists here (see 

Lobelia ionantha below), but given the difficulties surrounding cultivation of this species 

this scenario seems unlikely.  Additionally, the possible influence of seed carrying birds 

and insects can not be ruled out. 

 

Collections 

No specimens of this species were collected or cultivated by this author. 

 

 



 126 

Lobelia carens (syn. Hypsela rivalis) 
 

Type Specimen 

CHR 65673 – R. Mason 563 – Western Lake Road, Lake Wairarapa 

 

Description 

This species had not been described when material was being collected for this study, as 

it was only formally recognised in 2008, after the morphological investigations conducted 

for this study were already complete.  This species was previously included in Hypsela 

rivalis, which was collected, but L. carens only occurs in the North Island, and all of the 

H. rivalis material collected for this study was L. ionantha from the South Island. 

 

Chromosome Number 

2n = 14 (Heenan et al. 2008) 

 

Distribution 

 
Figure 3.3.4 – Distribution of Lobelia carens throughout New Zealand 
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Lobelia carens is similar to Lobelia ionantha in almost every respect, but it occurs only 

in the North Island, and the sites which it occupies appear to potentially be inundated 

with water more often and dry out less frequently (Heenan et al. 2008), but this author 

has no direct experience with this species. 

 

Lobelia carens is unfortunately plagued by a lack of robust information about its habitat 

and life history as it was only recently discovered.  As mentioned above it is most closely 

related to Lobelia ionantha and indeed the two were considered the same species until 

only recently, so it would seem reasonable to assume that dispersal for this species would 

probably be limited by similar factors as in the case of Lobelia ionantha (see below). 

 

Collections 

No specimens of this species were collected or cultivated by this author. 
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Lobelia ionantha (syn. Hypsela rivalis) 
 

Type Specimen 

CGE – T. Kirk n. 464 – Broken River, South Island 

 

Description 

Creeping, prostrate, glabrous herb; rooting at leaf nodes.  Stem yellow green to pink-

maroon, smooth or lightly punctate, glabrous. 

 

Leaves alternate, upright to spreading, sometimes lightly involute, usually shortly 

petiolate; lamina 1.6-2.8 x 0.7-2.4 mm, smallest in aquatic situations, orbicular to ovate-

elliptic (Figure 3.3.5), often more elliptic in aquatic situations, green, purple markings 

around the margin, along the lower half of the midvein and in the petiole, and around the 

points of each denticle, glabrous, midvein faint on adaxial surface, prominent and 

partially raised on abaxial surface, lateral veins obscure, margin lightly toothed to 

denticulate, about 5 prominent denticles with a translucent gland at the tip, apex rounded 

to obtuse to subacute, base sometimes asymmetric; petiole 0.2-1 x 0.2-0.45 mm, 

decurrent (Plate 3.3.1 d-g). 

 

Flowers hermaphrodite, resupinate, axillary, solitary; peduncle 1-6(-14) mm long, 0.25-

0.75 mm wide, smooth or lightly punctate, glabrous, with 2 small linear scale leaves at 

the very base, sometimes with a short hair at the very tip (Plate 3.3.1 l). 

 

Calyx with short tube adnate to ovary; lobes 5, 0.9-2 x 0.3-0.75 mm, green with a purple 

margin and raised midvein, narrow triangular to lanceolate, lightly recurved (Figure 

3.3.5), abaxial surface glabrous, sometimes lightly punctate, adaxial surface glabrous; 

margin with 2 prominent denticles (one on either side) with translucent tips about 1/3 – ¼ 

of the way up and very occasionally with several short hairs, apex acute with a prominent 

translucent tip (Plate 3.3.1 i-j). 
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Corolla up to 10 mm long in late bud (Plate 3.3.1 h), 5.75-8.25 mm diam. when open, 

mostly white, sometimes blushed a light blue-purple, two yellow-green markings 

between the sinus of the front 3 corolla lobes, blotches of purple in the middle of each of 

the lower 3 corolla lobes toward the base (although these can be greatly reduced and 

nearly absent) (Plate 3.3.1 a-b, m), sometimes tips of corolla lobes also purple on both 

surfaces, weak sweet scent (like paint); tube 3.4-5.2 mm long, tapered, 0.45-0.8 mm wide 

at base, 1.5-2.1 mm wide at top, completely fused, abaxial surface glabrous, adaxial 

surface with numerous stout, stiff hairs extending along the midvein of the corolla lobes 

(total number of hairs variable) (Plate 3.3.1 c); lobes 5 (sometimes 4), 2.9-4.75 x 0.9-1.9 

mm, narrow lanceolate (Figure 3.3.5), recurved, abaxial surface glabrous, adaxial surface 

often with short stiff hairs on the purple patches, apex acute. 

 

Filaments 4-7 mm long, 0.15-0.25 mm wide, fused below anthers for 1/5 of length 

(Figure 3.3.5), rear 3 adnate to corolla tube from base for 3/5 of length, front 2 adnate 

from base for 2/5 of length, filaments purple-white in the distal part, becoming yellow-

green in the proximal part. Hairs sometimes present on adaxial surface of front 2 

filaments. 

 

Anthers 0.9-1.6 mm long, united into a tube around the style, purple-brown, curved over 

at top, with a small central pore; 2 awns and several hairs present at apex on lower 

anthers (Plate 3.3.1 k), awns 0.35-0.58 mm long, hairs 0.1-0.22 mm long; pollen 30 µm 

diam. 

 

Nectary annular, 0.12-0.3 mm high, green-yellow; apex with a ring of small hairs (Plate 

3.3.1 j). 

 

Ovary 1.2-2.3 x 0.75-1 mm, green, punctate, apex shallowly conical (Plate 3.3.1 j). 

 

Style 5.7-7.2 mm long, widening at base, 0.1-0.15 mm wide for most of length, 0.2-0.43 

mm wide at base (Figure 3.3.5), off white, exserted beyond anthers, tip often slightly 

incurved. 
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Stigma bilobed, lobes 0.15-0.3 x 0.1-0.15 mm, purple, subtended by a whorl of hairs, 

hairs up to 0.2 mm long. 

 

Fruit a capsule ~2.58 x ~1.26 mm, ellipsoidal to capitate-turbinate, green when immature 

(Plate 3.3.1 j), becoming dried and brown upon maturity; thin walled, rough textured with 

the seeds becoming visible through the thin wall (but not nearly to the degree of Lobelia 

fatiscens), indehiscent; apex domed, crowned by calyx lobes and persistent style base; 

base obtuse to cuneate.  47 seeds counted from a single fruit. 

 

Seed irregularly orbicular to elliptic (somewhat more irregularly shaped than other 

species but not as much as Lobelia glaberrima), frequently slightly compressed in 

multiple directions with semi-flattened faces giving a somewhat pyramidal shape, 0.37-

0.43 mm long, 0.3-0.43 mm wide; apex rounded; base obtuse to acute-cuneate; margin 

entire; testa brown to orange with a prominent dark hilium, smooth, glossy, covered in 

somewhat sinusoidal reticulated ridges with pits in between about as wide as the ridges 

themselves, glabrous. 

 

Chromosome Number 

2n = 14 (Heenan et al. 2008) 
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Figure 3.3.5 – Line drawing of Lobelia ionantha 
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Distribution 

 
Figure 3.3.6 – Distribution of Lobelia ionantha throughout New Zealand 

 

Lobelia ionantha occurs only on the South Island, growing on exposed mud (Plate 3.3.3 

b-c) or soil (Plate 3.3.2 d) in sites of ephemeral wetlands, such as kettleholes (Plate 3.3.3 

a), river terraces and tarn or lake margins (Plate 3.3.2, Plate 3.3.3 c-d), east of the main 

divide.  Many sites occupied by this species fluctuate between being extremely wet and 

even submerged in winter, and totally dried out in summer, with the plants persisting 

among the dried, cracked mud (Allan 1961, Heenan et al. 2008.) 

 

Lobelia ionantha, by the nature of the habitat which it occupies, spends part of the year as 

a mainly aquatic plant and part of the year as an essentially terrestrial plant.  The 

indehiscent fruits would intuitively indicate that the seeds are dispersed by some force 

other than wind.  It is possible that whole fruits are carried from the source by some 

biological vector, but this seems unlikely given a lack of any type of reward or attractant 

embodied in the fruits.  Another possibility is that whole fruits or seeds that have escaped 

from cracked or fragmented fruits could be carried away from the source by the action of 
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flowing water.  Most populations of Lobelia ionantha occur in ephemerally wet areas that 

are submerged in winter and much more dried out in summer.  Flowering occurs during 

the dried out summer period when the plants are generally not submerged, allowing 

insect mediated pollination to take place.  As autumn and winter set in, these areas of 

habitat become inundated, and it is simple to imagine how mature fruits or single escaped 

seeds could float around and be carried to another area given a sufficient amount of flow.  

Additionally, as with many of the native New Zealand Lobelia species, the prostrate, turf 

forming growth habit with the ability to root at each node presents the possibility of an 

increase in the range of the plant through vegetative reproduction as well as sexual 

reproduction.  Even the smallest rooted piece of these prostrate, creeping Lobelias will 

grow and give rise to a robust healthy plant, and this could provide for a mechanism of 

dispersal through rafting of small or even large pieces of turf, or even via small fragments 

of turf being inadvertently carried from one area to another on the claws of a bird or the 

hooves of domestic stock.  All of the native New Zealand turf-forming Lobelia species 

usually grow on areas of waterlogged mud that is soggy and sticky, and when stepping in 

this habitat in hiking boots, large chunks of sticky mud adhere to the outside of the boot 

usually with fragments of the vegetation that was growing in the mud still attached.  It is 

easy to imagine how this effect would be even greater for animals like birds and stock 

with cloven hooves which sink down into the mud, and indeed this author has observed 

areas of Lobelia habitat with fragmented plants and animal footprints throughout.  

Additionally, the possible influence of seed-carrying birds and insects can not be ruled 

out. 

 

Collections 

Four specimens of this species from different localities were cultivated in the Botany 

Department Garden, Dunedin, 3 collected by this author, and 1 collected by John Barkla. 

 

HRHC – Henry Creek, Lake Te Anau (1192319E 4977445N) 

HRCG – Waiau Control Gates, Lake Te Anau (1184202E 4954326N) 

HRAR – Ainges Road, Macraes, North Otago (1400472E 4968274N) 

HRJB – Macraes area (from John Barkla)  



 135 

 



 136 

 
 



 137 

Lobelia fatiscens (formerly Isotoma fluviatilis) 
 

Type Specimen 

CHR 174569 – LB Moore – South of Charleston, Buller District 

 

Description 

Creeping, prostrate, sometimes sparsely hairy herb; rooting at leaf nodes.  Stem green in 

shade, pink-maroon in sun, smooth or sometimes lightly punctate, glabrous. 

 

Leaves alternate, upright to spreading, sometimes lightly to somewhat revolute, sessile or 

shortly petiolate; lamina 2.9-7.7 x 1.7-3.9 mm, elliptic to obovate (Figure 3.3.7), 

sometimes more narrowly elliptic in aquatic situations, green, mottled purple around the 

margin, denticles and lower half of the midvein, sometimes with short stiff hairs on 

newly emerged leaves (Plate 3.3.5 j), hairs multicellular, midvein faint on adaxial surface, 

prominent on abaxial surface, lateral veins obscure, margin shallowly toothed to dentate, 

5-7 denticles with a translucent gland at the tip varying in prominence, apex subacute to 

obtuse, base frequently asymmetric; petiole 0-1.65 x 0.25-0.65 mm, decurrent (Plate 3.3.5 

a-d). 

 

Flowers hermaphrodite, frequently cleistogamous, resupinate, axillary, solitary; peduncle 

0.7-2.25 (-12) mm long, 0.3-0.65 mm wide, smooth or punctate, glabrous, with 2 small 

linear scale leaves at the very base, sometimes with a short hair at the very tip (Plate 3.3.5 

e-g). 

 

Calyx with short tube adnate to ovary; lobes 5, 0.8-1.5 x 0.27-0.52 mm, green with a 

purple margin, midvein and sometimes teeth, triangular to narrowly triangular-lanceolate 

(Figure 3.3.7), often lightly recurved, abaxial surface glabrous or sometimes with a few 

short stiff hairs, usually on the margin or towards the base, adaxial surface glabrous; 

margin entire or sometimes with 2 denticles with translucent tips between the base and ¼ 

of the way up and often with a varying number of short hairs, apex acute with a 

prominent translucent tip (Plate 3.3.4 i, k). 
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Corolla up to 5.2 mm long in late bud (Plate 3.3.6 c-e), 2.6-4.7 mm diam. when open, 

white, sometimes blushed pink, two yellow markings between the sinus of the front 3 

corolla lobes (Plate 3.3.4 a-e), sometimes blushed purple along the midveins of abaxial 

surface (Plate 3.3.4 e), weakly scented; tube 1-2.75 mm long, tapered, 0.43-0.72 mm 

wide at base, 0.8-1.2 mm wide at top, often fused, sometimes split for a variable, usually 

short distance at back, abaxial surface glabrous or rarely sparsely hairy, adaxial surface 

with numerous stout, stiff hairs extending along the midvein of the corolla lobes (total 

number of hairs variable) (Plate 3.3.4 f-h); lobes 5 (sometimes 4), 1.3-2.6 x 0.52-0.83 

mm, lanceolate (Figure 3.3.7), spreading to recurved, abaxial surface glabrous, adaxial 

surface often with stiff hairs along the midvein of the lower 3 lobes, apex acute (Plate 

3.3.4 a-e). 

 

Filaments 1-3 mm long, 0.12-0.2 mm wide, fused below anthers for 1/3 of length (Figure 

3.3.7), rear 3 adnate to corolla tube for 1/3 of length at base, front 2 adnate for a short 

distance only at very base, purple in the distal part, becoming yellow-green in the 

proximal part, sometimes with long thin fine hairs on the adaxial surface (Plate 3.3.5 h-i). 

 

Anthers 0.4-1 mm long, united into a tube around the style, purple-brown, curved over at 

top, with a small central pore; 2 awns and several hairs present at apex on lower anthers 

(Plate 3.3.4 f, h), awns 0.2-0.4 mm long, hairs 0.1-0.24 mm long; pollen 30 µm diam. 

 

Nectary annular, 0.12-0.25 mm high, yellow; apex often with a ring of stout stiff hairs 

(Plate 3.3.4 j). 

 

Ovary 1.1-2 x 0.75-1.3 mm, green in shade, developing purple-pink colouration around 

the base and ribs in line with midveins of perianth lobes in sun (Plate 3.3.4 k), punctate, 

variously glabrous or covered in a varying density of short stiff hairs (Plate 3.3.5 k), apex 

domed. 
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Style 1.8-3.2 mm long, widening at base, 0.1-0.18 mm wide for most of length, 0.22-0.33 

mm wide at base (Figure 3.3.7), yellow-green, exserted beyond anthers, tip sometimes 

incurved. 

 

Stigma bilobed, lobes 0.15-0.28 x 0.09-0.18 mm, purple (Plate 3.3.6 h), subtended by a 

whorl of hairs, hairs up to 0.2 mm long. 

 

Fruit a capsule 1.8-3.8 x 1.5-2.2 mm, ellipsoidal to capitate-turbinate, sometimes 

compressed in one direction, green when immature (Plate 3.3.6 a), becoming dried and 

brown upon maturity; thin walled, rough textured with the seeds becoming visible 

through the thin wall (Plate 3.3.6 b), indehiscent; apex domed, crowned by calyx lobes 

and persistent style base; base obtuse to cuneate.  Counts of 89, 38, 52, 54, and 22 seeds 

obtained from 5 fruits sourced from several different accessions. 

 

Seed orbicular to widely obovate-elliptic, frequently slightly compressed in one direction 

with semi-flattened faces, 0.44-0.55 mm long, 0.38-0.48 mm wide; apex rounded; base 

acute to cuneate; margin rounded; testa orange to olive green with a prominent dark 

hilium, smooth, glossy, covered in thick sinusoidal reticulated ridges with minute pits in 

between, glabrous (Plate 3.3.6 f-g). 

 

Chromosome Number 

2n = 28 (Heenan et al. 2008) 
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Figure 3.3.7 – Line drawing of Lobelia fatiscens 
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Distribution 

 
Figure 3.3.8 – Distribution of Lobelia fatiscens throughout New Zealand 

 

Lobelia fatiscens occupies stream sides, forest hollows, lake margins, sand dune hollows, 

swamp puddles and other damp places throughout the West Coast of the South Island, in 

both lowland and montane situations.  It is often found growing on exposed mud, and the 

sites which this species occupies can be subjected to heavy water flows at many times 

throughout the year, and in some locations this species is apparently continually 

submerged (Allan 1961, Johnson and Brooke 1989, Heenan et al. 2008). 

 

Lobelia fatiscens possesses fruits almost identical to those of Lobelia ionantha and again 

the features of these fruits would suggest that the dispersal mechanism does not rely on 

wind or the fruits being eaten.  In the case of Lobelia fatiscens flowing water seems to 

clearly play a role.  Lobelia fatiscens is nearly always found in aquatic situations and in 

locations that for some part of the year experience strongly flowing water.  Some 

populations of this species even appear to flower, be pollinated and set fruit all while 

completely submerged under flowing water, so it is easy to see in these cases how a 

mature fruit, if it broke free from the parent plant, or seeds, if they escaped from a 

cracked fruit, would immediately be carried downstream by the current.  Interestingly, in 

some locations this species is distributed inland for some distance, even occurring near 

the headwaters of some river systems suggesting some mechanism for dispersal upstream 
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as well as downstream.  At this stage hypotheses about such a mechanism are merely 

speculation, but one possibility that comes to mind would be dispersal of whole fruits or 

seeds by fish.  Given that the habitat of some individuals of this species is completely 

submerged in flowing water, fish inhabiting those aquatic systems would have ready 

access to mature fruits of this species, and it seems likely that these fruits would be 

consumed by some fish either accidentally as they browsed on other submerged foliage, 

or even actively if fish benefited from a nutritional component of the fruit and seeds.  

More evidence is needed to support this hypothesis, but it is mentioned here as a distinct 

possibility which could explain the species’ current distribution.  Additionally, this 

species is also a prostrate turf-forming Lobelia which roots at each node, and as 

mentioned above this growth habit leaves open the possibility of vegetative propagules 

being dispersed by birds or other animals.  Also, the possible influence of seed-carrying 

birds and insects can not be ruled out. 

 

Collections 

Four specimens of this species from different localities were cultivated in the Botany 

Department Garden, Dunedin.  1 collected by this author, and 3 collected by Phil 

Knightbridge, Peter Heenan, and Peter Johnson respectively. 

 

IFLM – Lake Mahinapua, Hokitika (from Phil Knightbridge)  

IFLT – near Little Totara, Westport (1473301E 5362115N) 

IFWH – Westhaven Inlet, NW Nelson (from Peter Heenan)  

IFNL – Lake Rotoiti, NLNP (from Peter Johnson)  
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Lobelia fugax (syn. Hypsela ‘Burgoo’) 
 

Type Specimen 

CHR 324188 – AP Druce – Boulder Lake, Kahurangi National Park 

 

Description 

Creeping, prostrate, glabrous herb; rooting at leaf nodes (Plate 3.3.7 e).  Stem green to 

dark brown/maroon, smooth, glabrous. 

 

Leaves alternate, upright to spreading, margin sometimes very lightly involute, sessile or 

shortly petiolate; lamina size 3-5.75 x 2-4.5 mm, elliptic-obovate to widely elliptic-

orbicular, green with dark brown/maroon colouration around the margin and veins, more 

green than maroon in shade, some leaves almost completely maroon in sun, glabrous, 

midvein faint on adaxial surface, prominent on abaxial surface, lateral veins obscure, 

margin shallowly toothed to dentate, 5-7 denticles with a translucent gland at the tip 

varying in prominence, apex subacute to obtuse, base frequently asymmetric; petiole 0-

1.25 x 0.5-0.75 mm, decurrent (Plate 3.3.7 b-c). 

 

Flowers hermaphrodite, resupinate, axillary, solitary; peduncle 0-0.5 (-5) mm long, ~0.25 

mm wide. 

 

Calyx with short tube adnate to ovary; lobes 5, 1-1.2 x 0.3-0.4 mm (about 1/3 the length 

of corolla), green with a purple margin, narrowly triangular (Figure 3.3.9), abaxial 

surface glabrous, adaxial surface glabrous; margin with 2 denticles (one on either side) 

about ½ way up, apex acute (Plate 3.3.7 d). 

 

Corolla up to 3.82 mm long in late bud, ~2.1 mm diam. when open (Plate 3.3.7, a), white, 

two yellow-green markings between the sinus of the front 3 corolla lobes; tube ~1.65 mm 

long, tapered, ~0.55 mm wide at base, ~0.75 mm wide at top, fused, abaxial surface 

glabrous, adaxial surface glabrous; lobes usually 5 (sometimes 4), 0.9-1.1 x 0.45-0.5 mm, 
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lanceolate (Figure 3.3.9), spreading to recurved (Plate 3.3.7 a, d), abaxial surface 

glabrous, adaxial surface glabrous, apex acute. 

 

Filaments ~1.65 mm long, ~0.1 mm wide, fused below anthers for very short distance, 

adnate to corolla tube for ½ of length at base, white-green. 

 

Anthers 0.37-0.5 mm long, united into a tube around the style, purple-brown, curved over 

at top, with a small central pore; 2 awns and several hairs present at apex on lower 

anthers, awns ~0.33 mm long, hairs 0.15-0.19 mm long; pollen 30 µm diam. 

 

Nectary annular, ~0.28 mm high; apex with a ring of hairs. 

 

Ovary ~0.8 x 0.61 mm, dark purple mottled with green, glabrous, apex domed. 

 

Style ~1.83 mm long, widening at base, ~0.1 mm wide for most of length, ~0.21 mm 

wide at base (Figure 3.3.9), white-green, exserted beyond anthers (Plate 3.3.7 d). 

 

Stigma bilobed, lobes ~0.23 x 0.15 mm (Plate 3.3.7, a, d), subtended by a whorl of hairs, 

hairs up to 0.13 mm long. 

 

Fruit a capsule, size not measured (literature says 2.3-2.9 x 1.6-2.2 mm), ellipsoidal to 

capitate-turbinate, dark purple mottled with green when immature, becoming dried and 

brown upon maturity; thin walled, rough textured with the seeds becoming visible 

through the thin wall, indehiscent; apex domed, crowned by calyx lobes and persistent 

style base; base obtuse to cuneate. 

 

No seeds of Lobelia fugax were able to be examined during the course of this study as the 

single plant in cultivation died unexpectedly. 

 

Chromosome Number 

2n = 14 (Heenan et al. 2008) 
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Figure 3.3.9 – Line drawing of Lobelia fugax 
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Distribution 

 
Figure 3.3.10 – Distribution of Lobelia fugax throughout New Zealand 

 

Lobelia fugax is very similar to Lobelia fatiscens but within its limited range it seems to 

be confined to a narrower assortment of habitats, particularly the shallow margins of 

lakes and tarns.  A detailed description of the habitat of this species is given in Heenan et 

al. (2008). 

 

Lobelia fugax is similar in many respects to Lobelia fatiscens except that the habitats of 

the few known populations of Lobelia fugax are more ephemerally wet as opposed to 

constantly inundated, although they do experience heavy flows at times throughout the 

year.  Because of this it seems that fish would in general have less ready access to fruits 

of Lobelia fugax; however some of the native galaxiid fish are known to reach the high 

alpine tarns in which this species occurs.  More information is needed about the specific 

galaxiid species and their populations, if any, in these specific locations in Kahurangi 

National Park before further conclusions can be made about this situation.  Strangely, this 

species is found in only a few small populations covering an area of no more than a few 

tens of square kilometers, but the small area in which they are found spans the divide of 



 151 

the catchments of three large river systems, and the populations are found in the 

headwaters of each of the three separate catchments.  This would seem to suggest a more 

complex dispersal vector than simply flowing water.  Additionally, the idea of movement 

of vegetative fragments by birds may have some merit here, and the possible influence of 

seed-carrying birds and insects can not be ruled out. 

 

Collections 

One specimen of this species was collected by Peter Heenan and cultivated in the Botany 

Department Garden, Dunedin by this author. 

 

HRBG – Lake Cobb, Kahurangi National Park (from Peter Heenan)  
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Lobelia macrodon (syn. Pratia macrodon) 
 

Type Specimen 

K – H.H. Travers – Acheron and Clarence Rivers 

 

Description 

Creeping, prostrate, glabrous herb; rooting at leaf nodes.  Stem green-yellow to brown-

maroon, 0.8-0.9 mm thick, smooth or sparsely punctate, glabrous, sometimes with an 

additional small scale leaf at nodes when branching (Plate 3.3.10 i). 

 

Leaves alternate, upright to spreading, sometimes lightly involute, sessile or shortly 

petiolate; lamina 2.5-6.9 x 2.7-7.6 mm, orbicular to widely ovate-transversely elliptic 

(Figure 3.3.11), thick and fleshy, green, purple markings on petiole and tips of denticles, 

sometimes also on margin, abaxial surface blushed purple, glabrous, venation initially 

appears somewhat palmate, midvein prominent on abaxial surface and adaxial surface, 

lateral veins faint to obscure on adaxial surface, lateral veins prominent on abaxial 

surface, margin dentate-serrate, with 5-7 prominent denticles with a translucent gland at 

the tip, apex acute to bluntly acute (tips sometimes sharp, sometimes rounded off) (Plate 

3.3.9, Plate 3.3.10, Plate 3.3.12 a); petiole 0-2.4 x 0.4-1.1 mm, strongly decurrent (with 

quite pronounced ridges running along the side of the stem) (Plate 3.3.10 h, Plate 3.3.12 

c); scale leaf much smaller, elliptic, fewer teeth on margin, shortly petiolate, ~1.8 x 0.85 

mm. 

 

Flowers hermaphrodite, resupinate, axillary, solitary; peduncle 1.3-6.6 (-15) mm long, 

0.5-1 mm wide, strongly curved (Plate 3.3.10 c), punctate to sparsely punctate.  

Occasionally with 1 or 2 small scale leaves at base of peduncle. 

 

Calyx with free lobes adnate to ovary; lobes 5, 1.8-3.6 x 0.9-2.0 mm, green with a purple 

margin, tip and midvein and purple splotching, more green towards the base and more 

purple towards the tip, triangular-deltate in lower half, narrow triangular-triangular in 

upper half (Figure 3.3.11), abaxial surface sometimes lightly punctate at base, adaxial  
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surface smooth, glabrous; margin with 4 denticles (two on either side), 2 weak denticles 

about ¼ of the way up and 2 much more prominent denticles with translucent tips about 

2/3 of the way up, apex acute (Plate 3.3.9 e, Plate 3.3.11 d, Plate 3.3.12 k). 

 

Corolla up to 17 mm long in late bud (Plate 3.3.8 a, Plate 3.3.10, Plate 3.3.12 b), 7-14.5 

mm diam. when open, mostly white, purple-brown tips and purple-pink blushing on the 

throat of the abaxial surface, two yellow markings between the sinus of the front 3 corolla 

lobes extending into the tube down the length of the front 3 lobes (Plate 3.3.8 c, Plate 

3.3.10 d), strong sweet paint-like scent; tube 4-9.8 mm long, tapered, 1.5-3 mm wide at 

base, 1.4-2.1 mm wide at top, front 3 lobes fused, rear 2 lobes mostly free but sides 

closely appressed and interlocking with sides of adjacent front lobes such that they 

initially appear fully fused (Plate 3.3.8 g-h, Plate 3.3.12 i-j), slight fusion to front lobes at 

very base, split nearly to base at back (sometimes split all the way in some varieties), 

abaxial surface glabrous or sometimes with short stiff hairs at the base, short stout strong 

hairs often present on margins of rear split (Plate 3.3.8 e-f, Plate 3.3.11 h-i, Plate 3.3.12 

g-h), decreasing in length toward the top of the split, hairs sometimes also present on 

margins of side splits near the base of split, adaxial surface sometimes with a varying 

amount/density of small hairs toward the bottom of the tube (Plate 3.3.12 j); lobes 5 

(sometimes 4), 3.7-6.9 x 1.4-3.7 mm, front 3 obovate, rear 2 oblanceolate (Figure 3.3.11), 

spreading to recurved, abaxial surface glabrous, adaxial surface glabrous, apex of rear 2 

acute, apex of front 3 acute to abruptly acute-acuminate. 

 

Filaments 3-10 mm long, 0.18-0.46 mm wide, fused below anthers for ½ of length 

(Figure 3.3.11), rear filament free, front 4 adnate to corolla tube for short distance (1/5 of 

length) at very base, yellow-green (a little bit pink at the top) in the distal part, becoming 

white in the proximal part, adaxial surface often hairy towards the base (Plate 3.3.11 e-g, 

Plate 3.3.12 h) (sometimes densely, sometimes just slightly more than punctate) (Plate 

3.3.8 e, i), hairs when present sometimes more extensive on rear 3 filaments and 

sometimes completely absent on front 2. 
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Anthers 1.3-3.4 mm long, united into a tube around the style, purple-brown, curved over 

at top, with a small central pore; 2 awns and several hairs present at apex on lower 

anthers (Plate 3.3.10 f-g, Plate 3.3.12 e), awns 0.3-1 mm long, hairs 0.12-0.47 mm long; 

pollen 30 µm diam. 

 

Nectary 0.2-0.38 mm high, yellow; apex concave, densely covered in minute hairs. 

 

Ovary 1.3-4.7 x 1.5-4 mm, green, punctate, apex strongly crateriform with a protruding 

style base in the centre flattened in one direction making the developing capsular valves 

clearly visible (Plate 3.3.9 f, Plate 3.3.11 a, Plate 3.3.12 d). 

 

Style 3.9-14.1 mm long, widening abruptly at base, 0.22-0.42 mm wide for most of 

length, 0.4-1 mm wide at base (Figure 3.3.11), yellow-green, exserted beyond anthers. 

 

Stigma bilobed (Plate 3.3.10 d), lobes 0.2-0.78 x 0.18-0.65 mm, subtended by a whorl of 

hairs, hairs up to 0.35 mm long. 

 

Fruit a fleshy capsule 4.1-4.9 x 2.8-5.4 mm, globose to obconic, green, sometimes a 

varying degree of purple mottling; thick walled, smooth, dehiscent by a means of 2 apical 

valves (Plate 3.3.9 i-k), remaining slightly fleshy even after dehiscence; apex crowned by 

calyx lobes and persistent style base; base obtuse-rounded to cuneate. At least 76 seeds 

counted from one fruit. 

 

Seed widely elliptic-widely ovate, 0.65-0.75 mm long, 0.4-0.55 mm wide; apex rounded; 

base rounded to abruptly attenuate with a dark spot at the hilium, sometimes asymmetric; 

margin entire, funiculus sometimes prominent; testa brown, smooth, glossy, covered in 

reticulated ridges with pits in between as wide or wider than the ridges themselves, 

glabrous. 

 

Chromosome Number 

2n = 14 (Murray and Cameron 1990, Knox et al. 2008) 
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Figure 3.3.11 – Line drawing of Lobelia macrodon 
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Distribution 

 
Figure 3.3.12 – Distribution of Lobelia macrodon throughout New Zealand 

 

Lobelia macrodon occupies wet places in sub alpine and montane areas on the northern 

half of the South Island (Nelson, Westland, Marlborough, and Canterbury).  In drier 

regions it is mostly found in late snowbanks and freshwater seeps (Plate 3.3.14, Plate 

3.3.17 b), which are continually moist, and in wetter regions its habitat is less restricted 

and includes grassland, herbfield, rocky debris slopes and open shrubland (Allan 1961, 

Mark and Adams 1973, Knox et al. 2008). 

 

Lobelia macrodon and Lobelia glaberrima are in the interesting situation where they 

appear to form capsular fruits, but based on information from various authors, the 

capsules may not dehisce all the time.  In this author’s opinion these species’ capsules 

probably do always eventually dehisce, but the opportunity to observe them in their 

dehiscent stage is often limited by time and/or weather to the point where many authors 

have only had the opportunity to observe them in the immature state.  However given the 

current state of our information about these species the possibility of sometimes 
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indehiscent mature fruits cannot be ruled out, and should be taken into account in any 

discussion of the fruits and their possible implications for seed dispersal.  If the fruits are 

indeed generally dehiscent capsules, this would suggest primary dispersal of the seeds by 

wind.  The most closely related species also form capsules and the peduncles of these 

capsules elongate as the fruit matures, thereby thrusting the mature seeds into the 

prevailing wind currents.  Hooker (1853) said that Lobelia macrodon had a short 

peduncle and a large almost sessile flower with the corolla tube dilated below, but Allan 

(1961) said that the peduncles start out nearly sessile when the flower first opens, but 

elongate up to more than a centimetre as the fruit develops, and he also said that the 

supposed berry is purplish.  Elongation of the fruit peduncles has not actually been 

observed by this author for either of Lobelia macrodon or Lobelia glaberrima suggesting 

that while capsules may usually be formed, wind is not necessarily the primary dispersal 

vector for these species.  If this is indeed the case, then this would provide a mechanism 

by which indehiscent fruits could still also be selected for.  Indeed for both of these 

species, the difficulty with observing mature fruit is that by the time fruits have matured, 

the plants are generally already buried under snow, which would make it difficult for the 

seeds to be dispersed unless they were somehow carried around under the snow.  Whether 

or not this is a possibility in the locations which these species inhabit is unknown, and 

more information is needed about the animal species that would be capable of this and if 

they inhabit the appropriate areas for this suggestion to be a reality.  However, both 

mountain Weta and various species of lizards inhabit the habitats where these species are 

found, so it would seem there is at least the possibility for either or both of these animals 

to move around fruits or seeds of these plants at least during some time of the year (but 

given this author’s understanding of the biology of these animal species it seems unlikely 

that this would take place under snow).  Another possibility is that the seeds lie dormant 

under the snow and are eventually dispersed by the flow of melt-water.  Additionally, as 

both of these species are prostrate turf-forming Lobelias that root at the nodes, the 

possibility for transportation of vegetative fragments also exists here.  Also, the possible 

influence of seed-carrying birds and insects can not be ruled out. 

 

 



 163 

Collections 

Five specimens that were thought to be this species from different localities were 

cultivated in the Botany Department Garden, Dunedin.  2 collected by this author, 2 

collected by Peter Heenan, and 1 collected by David Glenny. 

 

PMMH – Mount Hutt, Canterbury (from Peter Heenan)  

PMAR – Avalanche-Rolleston Ridge, Arthur’s Pass National Park (from Peter Heenan)  

PMSK – Mt. Skedaddle, Organ Range, Canterbury (from David Glenny)  

 

The identity of two of the specimens was called into question upon publication of Knox 

et al. (2008), as this paper described Lobelia macrodon as only occurring north of the Mt. 

Cook region.  All similar species south of Mt. Cook were considered by this paper to be 

Lobelia glaberrima, and if those authors’ justifications are to be believed then that would 

mean that the two specimens listed below, which were originally collected by this author 

under the auspices of being Lobelia macrodon are in fact Lobelia glaberrima (Figure 

3.3.13). 

 

PMGL – Gem Lake, Umbrella Mtns., Northern Southland (1296104E 4946201N) 

PMST – Sealy Tarns, Mt. Cook National Park (1364302E 5155765N) 

 

 
Figure 3.3.13 – Comparison of flowers and leaves of accessions of Lobelia macrodon and 

possibly Lobelia glaberrima (*) from (a) Mount Hutt, (b) Gem Lake*, (c) Sealy Tarns*, 

and (d) Avalanche-Rolleston Ridge (scale = 1cm) 
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Figure 3.3.14 – Line drawing of Lobelia macrodon?
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Lobelia glaberrima (syn. Pratia ‘Old Man’, Pratia ‘Garvie’) 

 

Type Specimen 

CHR 468987 – A.P. Druce – Long Burn, Eyre Mountains, Southland 

 

Description 

Creeping, prostrate, glabrous herb; rooting at leaf nodes (Plate 3.3.20 c).  Stem pink-

maroon to deep maroon, smooth, glabrous. 

 

Leaves alternate, upright to spreading, often lightly to moderately involute (cupped), 

sessile or shortly petiolate; lamina 2.2-4.6 x 2.1-4.8 mm, widely elliptic-widely ovate to 

orbicular-depressed ovate (Figure 3.3.15), green on adaxial surface, sometimes with pink-

maroon margins and denticles, petiole often pink-maroon, mostly purple or green with a 

purple blushing on abaxial surface, glabrous, venation somewhat palmate, veins faint to 

obscure on adaxial surface, veins prominent to faint on abaxial surface, margin strongly 

serrate with around (usually) 7 prominent denticles with a translucent gland at the tip 

(Plate 3.3.18 a-c, Plate 3.3.19 a), apex acute; petiole 0-1.5 x 0.3-0.85 mm, decurrent. 

 

Flowers hermaphrodite, resupinate, axillary, solitary; peduncle 1.26-6.9 mm long, 0.37-

0.75 mm wide, pink-maroon, sparsely punctate.  

 

Calyx with free lobes (or extremely short tube) adnate to ovary; lobes 5, 1.6-2.7 x 0.5-1.5 

mm, green, sometimes with maroon margins and tips, occasionally strongly mottled 

purple, narrow triangular-lanceolate (Figure 3.3.15), abaxial surface punctate, glabrous, 

adaxial surface glabrous; margin with 2 prominent denticles (one on either side) with 

translucent tips about 1/3 to ½ way up, apex acute (Plate 3.3.19 d). 

 

Corolla up to 8.5 mm long in late bud (Plate 3.3.18 e, Plate 3.3.19 b), 5.1-11 mm diam. 

when open, white, yellow patch between the sinus of the front 3 corolla lobes (Plate 

3.3.18 d, Plate 3.3.20 d-g), extending into the tube down the length of the front 3 lobes 

and on to the base of the rear 2 lobes, sometimes pink tips and faint pink midveins on 
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lower 3 lobes, strong sweet scent; tube 3.1-4.2 mm long, tapered, 1.1-1.9 mm wide at 

base, 1.3-1.6 mm wide at top, front 3 lobes fused, rear 2 lobes free but sides closely 

appressed and interlocking with sides of adjacent front lobes such that they initially 

appear fully fused (Plate 3.3.18 d, Plate 3.3.20 g), slight fusion to front lobes at very base, 

split nearly to base at back (Plate 3.3.18 f, Plate 3.3.20 f, h), abaxial surface glabrous, 

very occasionally several small hairs on the lower margin of the rear split (Plate 3.3.20 i) 

and side split, adaxial surface glabrous; lobes 5 (sometimes 4) (Plate 3.3.20 g), 2.1-4.6 x 

0.95-2.7 mm, front 3 obovate (Figure 3.3.15), spreading to lightly recurved, rear 2 

lanceolate, recurved, abaxial surface glabrous, adaxial surface glabrous, apex of rear 2 

acute, apex of front 3 acute to abruptly acute-acuminate. 

 

Filaments 2-3.3 mm long, 0.2-0.25 mm wide, fused below anthers ½-¼ of length (Figure 

3.3.15), rear 3 adnate to corolla tube for a short distance at very base (rear most 1 less 

fused than side 2), front 2 free (Plate 3.3.19 e), yellow-green, sometimes a varying 

amount of pink at the very top, smooth, glabrous. 

 

Anthers 1.1-1.8 mm long, united into a tube around the style, purple-brown, curved over 

at top, with a small central pore; 2 awns and several hairs present at apex on lower 

anthers (Plate 3.3.19 f), awns 0.3-0.38 mm long, hairs 0.1-0.3 mm long; pollen 30 µm 

diam. 

 

Nectary annular, 0.15-0.44 mm high, yellow; apex with a ring of short stiff hairs (Plate 

3.3.18 i). 

 

Ovary 1-1.9 x 0.9-2.7 mm, green sometimes with maroon blushing, punctate, glabrous, 

apex lightly crateriform (Plate 3.3.19 j). 

 

Style 2.8-5 mm long, widening at base, 0.2-0.25 mm wide for most of length, 0.37-0.68 

mm wide at base (Figure 3.3.15), yellow-green, exserted beyond anthers, tip sometimes 

lightly incurved. 
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Figure 3.3.15 – Line drawing of Lobelia glaberrima 
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Stigma bilobed, lobes 0.2-0.43 x 0.12-0.48 mm, purple, subtended by a whorl of hairs 

(Plate 3.3.19 g), hairs up to 0.35 mm long. 

 

Fruit a capsule, size not directly measured (literature says 3.2-6 x 3.1-5.3 mm), globose to 

obconic, green to maroon; smooth, presumably dehiscent by a means of 2 apical valves as 

the sutures of dehiscence and valves themselves are visible in immature fruit (Plate 3.3.18 

j-k, Plate 3.3.19 i, k-l), but no fruit has actually been observed dehiscing, alternately 

remaining slightly fleshy or drying to papery brown; apex crowned by calyx lobes and 

persistent style base (Plate 3.3.18 h, Plate 3.3.19 c); base obtuse-rounded to cuneate. 52 

seeds counted from one fruit. 

 

Seed many irregular shapes, but generally widely elliptic-elliptic (Plate 3.3.19 h), 

frequently slightly compressed in one direction with semi-flattened faces, 0.6-0.75 mm 

long 0.4-0.55 mm wide; apex rounded; base rounded with a slight bulge at the hilium 

(very shortly attenuate); margin entire; testa brown with a slightly darker brown hilium, 

smooth, glossy, covered in reticulated ridges with pits of a varying width in between 

them and with an apparently spiral thickening pattern (caused by testa cells), glabrous. 

 

Chromosome Number 

2n = 28 (Knox et al. 2008) 
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Distribution 

 
Figure 3.3.16 – Distribution of Lobelia glaberrima throughout New Zealand 

 

Lobelia glaberrima occupies identical habitats to Lobelia macrodon, but only in the 

southern half (Otago, Southland, Westland, Canterbury) of the South Island (Knox et al. 

2008) (Plate 3.3.20 a-b). 

 

See also discussion of Lobelia macrodon dispersal above. 

 

Collections 

Four specimens of this species from different localities on the same mountain range were 

cultivated in the Botany Department Garden, Dunedin.  3 collected by this author, and 1 

collected by Janice Lord.  But as mentioned above, two specimens initially identified as 

L. macrodon may in fact be L. glaberrima. 

 

POWB – top of Waikaia Bush Rd, Old Man Range (1303984E 4960697N) 

POTP – top of snowbank below Penguin Tor, Old Man Range (1303572E 4971800N) 

POBP – bottom of snowbank below Penguin Tor, Old Man Ra. (1303572E 4971800N) 

POJL – Penguin Tor snowbank (from Janice Lord)  
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Lobelia linnaeoides 
 

Type Specimen 

K – Haast, 689 – Observation Hill, Macauley River, McKenzie Basin 

 

Description 

Creeping, prostrate, glabrous or sometimes hispid herb; rooting at leaf nodes.  Stem 

purple-maroon, ~ 0.75 mm thick, glabrous, irregularly lightly punctate, sometimes with 

wrinkled ridges. 

 

Leaves alternate, upright to spreading, sessile or shortly petiolate; lamina 2.3-4.4 x 2.6-

4.8 mm, orbicular to transversely elliptic-depressed ovate (Figure 3.3.17), dark green to 

purple, often more green in shade, purple margin and teeth, deep purple on abaxial 

surface (Plate 3.3.21 c, Plate 3.3.22 f), glabrous or sometimes densely covered in 

prominent short hairs (Plate 3.3.21 a-b), abaxial surface of hairy leaves extremely 

punctate, hairs when present unicellular, punctate, 25-70 µm long, venation somewhat 

palmate (lateral veins radiating from the petiole), midvein faint to prominent on adaxial 

surface, lateral veins obscure on adaxial surface, veins faint to prominent on abaxial 

surface, margin dentate-sinuate, usually 7 denticles with a translucent or pink-pigmented 

gland at the tip (Plate 3.3.21 i, Plate 3.3.22 k, Plate 3.3.23 j), tips somewhat rounded, 

tooth depth prominent at the apex and becoming shallower towards the base, apex bluntly 

acute; petiole 0-1 x 0.35-0.65 mm, decurrent. 

 

Flowers hermaphrodite, resupinate, axillary, solitary; peduncle 4-60 mm long, 0.27-0.7 

mm wide, elongating as the flower and fruit matures, with a strong fibre at the core, 

purple, smooth or extremely sparsely punctate, glabrous. 

 

Calyx with free lobes adnate to ovary; lobes 5, 1-1.7 x 0.4-0.78 mm, maroon, triangular 

to widely deltate (Figure 3.3.17), abaxial surface glabrous, punctate, adaxial surface 

smooth, glabrous, recurved; margin sometimes with 2 prominent denticles (one on either  
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side) with translucent tips about ½ to ¼ of the way up (sometimes not so prominent, just 

a little bump) (Plate 3.3.22 c), apex acute. 

 

Corolla up to 10 mm long in late bud (Plate 3.3.21 j, Plate 3.3.22 m, Plate 3.3.23 k), 6.9-

13.1 mm diam. when open, completely white or white blushed pink with pink tips on 

adaxial surface, completely pink or pink blushed white with pink venation pattern on 

abaxial surface (Plate 3.3.23 f), yellow at the base of the tube, two faint yellow markings 

between the sinus of the front 3 corolla lobes, sinuses raised and extremely prominent 

(Plate 3.3.21 g); tube 2.8-3.7 mm long, tapered, 1-1.3 mm wide at base, 1.25-1.9 mm 

wide at top, front 3 lobes fused, rear 2 lobes mostly free but sides closely appressed and 

interlocking with sides of adjacent front lobes such that they initially appear fully fused 

(Plate 3.3.23 b, i), slight fusion to front lobes at very base, tube split nearly to base at 

back (2/3 of length) (Plate 3.3.21 k, Plate 3.3.23 a), abaxial surface occasionally with 

short stiff hairs on the margins of the side splits and/or rear split, otherwise glabrous, 

often extremely short papilla-like hairs on the sutures between the front 3 lobes on the 

adaxial surface (coming down in ‘tracks’ from the sinuses), becoming longer and denser 

and extending on to the rear 2 lobes toward the base of the tube (Plate 3.3.22 j, Plate 

3.3.23 i), otherwise glabrous; lobes 5, 2.8-6.9 x 0.8-4.2 mm, front 3 obovate-widely 

obovate and spreading with their lower (fused) part involute making the front of the tube 

appear pleated, rear 2 linear-lanceolate (Figure 3.3.17) and recurved, abaxial surface 

glabrous, adaxial surface glabrous, apex of front 3 abruptly acute, apex of rear 2 acute. 

 

Filaments 1.9-2.9 mm long, 0.16-0.22 mm wide, enlarged at the top and tapering toward 

the bottom, fused below anthers for 1/5 of length (Figure 3.3.17), rear 3 adnate to corolla 

tube for ¼ of length at base, front 2 adnate for a short distance only at very base (Plate 

3.3.23 i), pink in the distal part, becoming yellow-green in the proximal part, front 2 

occasionally with stout stiff hairs (Plate 3.3.23 g), otherwise with short papilla-like 

(vestigial) hairs (Plate 3.3.21 h). 

 

Anthers 1-1.8 mm long, united into a tube around the style, upper 3 purple-brown, lower 

2 white, curved over at top, with a small central pore; 2 awns and several hairs present at  
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apex on lower anthers (Plate 3.3.23 c), awns 0.26-0.36 mm long, hairs 0.1-0.2 mm long; 

pollen 25 µm diam. 

 

Nectary annular, 0.22-0.38 mm high, yellow; apex with a ring of small hairs around the 

margin (Plate 3.3.22 a, Plate 3.3.23 d). 

 

Ovary 1.6-3 x 0.8-1.5 mm, mostly maroon, sometimes various amounts of green in 

spaces between ribs in line with midveins of perianth lobes, glabrous, smooth or 

extremely sparsely punctate, apex conical (Plate 3.3.22 a, d-e, Plate 3.3.23 d-e). 

 

Style 2.8-4 mm long, widening (ovary apex conical) at base (Plate 3.3.22 b), 0.12-0.23 

mm wide for most of length, 0.52-0.88 mm wide at base (Figure 3.3.17), yellow in the 

distal part, green in the proximal part, exserted beyond anthers, apex incurved. 

 

Stigma bilobed, lobes 0.17-0.25 x 0.1-0.28 mm, pink, subtended by a whorl of hairs 

(Plate 3.3.22 b), hairs up to 0.19 mm long. 

 

Fruit a capsule 4.1-6.4 x 1.6-3.1 mm, narrowly obconic, frequently slightly compressed in 

one direction, beginning maroon drying to brown (Plate 3.3.21 d, Plate 3.3.22 l, Plate 

3.3.23 l); more or less thin walled, smooth with prominent ribs running longitudinally, 

dehiscent by a means of two apical valves (Plate 3.3.21 f); apex domed, crowned by 

calyx lobes (Plate 3.3.22 e, Plate 3.3.23 e); base cuneate. 

 

Seed elliptic (Plate 3.3.21 e, Plate 3.3.22 h, Plate 3.3.23 h), strongly compressed in one 

direction with semi-flattened faces, 0.52-0.63 mm long, 0.32-0.43 mm wide; apex 

rounded-obtuse; base asymmetric, rounded-elliptic with a slight bulge (very shortly 

attenuate) at the hilium; margin entire, funiculus prominent; testa orange-brown to brown 

with a slightly darker brown hilium, smooth, glossy, covered in reticulated ridges with 

pits in between no wider than the ridges themselves (caused by testa cells), glabrous. 

 

Chromosome Number: n = 7 (Beuzenberg and Hair 1959) 
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Figure 3.3.17 – Line drawing of Lobelia linnaeoides 
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Distribution 

 
Figure 3.3.18 – Distribution of Lobelia linnaeoides throughout New Zealand 

 

Lobelia linnaeoides occupies wet places in sub alpine and montane areas on the southern 

half of the South Island (Canterbury, Otago, and Westland).  At lower altitudes it is found 

throughout on permanently moist but thinly vegetated sites.  At higher altitudes it is often 

found in microclimates that facilitate water retention or shelter from drying forces like 

sun and wind, e.g. mini-snowbanks against large rocks, or other alpine depressions and 

hollows. (Allan 1961, Mark and Adams 1973, Moore and Irwin 1978). 

 

Lobelia linnaeoides clearly relies on wind for the majority of seed dispersal as it produces 

dehiscent capsules on long peduncles so as to thrust mature seeds into the powerful wind 

currents that exist in its habitat, and its current distribution appears to reflect all suitable 

habitats which wind dispersed seeds could practically reach.  Furthermore, as it occurs in 

the alpine zone, the possibility for transportation of seeds by mountain Weta exists here 

too.  Also as it is a prostrate turf-forming Lobelia that roots at the nodes, the possibility 

for transportation of vegetative fragments also exists here.  Additionally, the possible 

influence of seed-carrying birds and insects can not be ruled out. 
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Collections 

Three specimens of this species from different localities were cultivated in the Botany 

Department Garden, Dunedin.  2 collected by this author, and 1 collected by Peter 

Heenan. 

 

LLRP – Rock and Pillar Range (1371999E 4966637N) 

LLDU – Northern Dunstan Mtns., Central Otago (1336324E 5025175N) 

LLOH – Ohau Skifield, Mackenzie Country (from Peter Heenan)  
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Lobelia perpusilla (syn. Pratia perpusilla) 
 

Type Specimen 

K – W. Colenso n. 263 – Hawke’s Bay 

 

Description 

Creeping, prostrate, glabrous to sometimes sparsely (Plate 3.3.24 g, Plate 3.3.25 l) or 

densely hairy herb (Plate 3.3.26 e); rooting at leaf nodes.  Stem yellow-brown, green in 

shade, 0.3-0.9 mm thick, punctate, glabrous to densely hairy, sometimes with an 

additional small scale leaf at nodes when branching. 

 

Leaves alternate, upright to spreading sometimes lightly involute; lamina 1.9-4.2 x 0.95-

4.05 mm, ovate-widely ovate to trullate (Figure 3.3.19), often ovate to lanceolate in 

aquatic situations, emerge green with a purple margin, gaining more purple colouration 

throughout maturity, evenly mottled with purple and green (Plate 3.3.24 d), often 

retaining more green colouration in shade, rugose (Plate 3.3.24 g), glabrous or sometimes 

with short stiff hairs, hairs when present more prominent on lower half of leaf, 80-250 

µm long, unicellular, punctate, midvein faint on adaxial surface, prominent on abaxial 

surface, lateral veins obscure, margin serrate to weakly serrate with around 5 (sometimes 

7 and up to 9) symmetrically arranged denticles with a translucent gland at the tip (Plate 

3.3.24 e-f, Plate 3.3.26 a, Plate 3.3.27 o), apex acute; petiole 0.2-0.65 x 0.2-0.75 mm, 

decurrent (Plate 3.3.27 n). 

 

Flowers hermaphrodite, sometimes with no pollen in anthers (gynodioecious), resupinate, 

axillary, solitary; peduncle 0.8-3.9 (-15) mm long, curving upwards (Plate 3.3.25 m), 

0.37-0.95 mm wide, punctate, sometimes covered in short stiff hairs (Plate 3.3.25 i), 

otherwise glabrous, with a small linear scale leaf at the very base (or vestiges thereof). 

 

Calyx with short tube or free lobes adnate to ovary; lobes 5, 1.5-2.9 x 0.4-0.68 mm, green 

or purple with a varying amount of green or purple mottling, purple margin, narrow 

triangular (Figure 3.3.19), abaxial surface punctate, sometimes lightly hairy at margins  



 189 



 190 



 191 

(Plate 3.3.26 g), adaxial surface glabrous; margin with 2 prominent, sometimes 

asymmetric, denticles with translucent tips about 1/3 to ½ way up (Plate 3.3.25 k, Plate 

3.3.27 i), apex acute with a sharp translucent tip. 

 

Corolla up to 9.3 mm long in late bud (Plate 3.3.25 j, Plate 3.3.26 i, Plate 3.3.27 j), 5-9.9 

mm diam. when open, white, two yellow markings between the sinus of the front 3 

corolla lobes (Plate 3.3.25 a, Plate 3.3.26 b, Plate 3.3.27 a), purple venation pattern on 

abaxial surface (Plate 3.3.25 b-c), purple midveins on adaxial surface, slight sweet scent; 

tube 2.3-4.5 mm long, tapered, 0.63-1.2 mm wide at base, 1-1.8 mm wide at top, split for 

a variable length (usually halfway) to base at back (Plate 3.3.25 d, Plate 3.3.26 c-d, Plate 

3.3.27 e), rear 2 lobes fused weakly to front lobes for upper half of fusion, fused portion 

of tube pleated with the lower part of each of the front 3 lobes strongly involute, abaxial 

surface glabrous, adaxial surface with long prominent stiff hairs along both sides of the 

suture (fusion) lines between the lower 3 lobes, extending from the sinus all the way 

down into the throat in 4 rows of hairs in 2 discrete patches (Plate 3.3.26 f, Plate 3.3.27 b-

c), sometimes only a few hairs or even just a single hair; lobes 5 (sometimes 4), 2.6-5.4 x 

0.7-1.6 mm, lanceolate (Figure 3.3.19), spreading to recurved, abaxial surface glabrous, 

adaxial surface glabrous, apex acute. 

 

Filaments 2.3-4.8 mm long, 0.17-0.25 mm wide, fused below anthers for 1/3 of length 

(Figure 3.3.19), side 2 adnate to corolla tube for ¼ or sometimes up to ½ of length at 

base, rear 1 adnate for 1/5 or sometimes up to ½ of length at base, sometimes rear 1 fused 

for longer than side 2, front 2 free or sometimes adnate for a short distance at very base, 

white margins with a thick purple stripe up the centre (Plate 3.3.26 k, Plate 3.3.27 g). 

 

Anthers 0.9-1.7 mm long, united into a tube around the style, purple-brown, curved over 

at top, with a small central pore; 2 awns and several hairs present at apex on lower 

anthers (Plate 3.3.25 e, Plate 3.3.27 d), awns 0.41-0.52 mm long, hairs 0.12-0.3 mm long; 

pollen 30 µm diam. 
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Nectary annular, 0.2-0.38 mm high, yellow-pink; apex with several rings of extensive 

stiff hairs (Plate 3.3.26 h, Plate 3.3.27 h). 

 

Ovary 1-2.5 x 0.8-1.5 mm, green with extensive purple blotches (Plate 3.3.25 h, (Plate 

3.3.27 l-m), punctate, sometimes extremely densely hairy (Plate 3.3.26 h), apex domed. 

 

Style 3.8-6.1 mm long, widening at base, 0.15-0.25 mm wide for most of length, 0.22-

0.45 mm wide at base (Figure 3.3.19), white-yellow, exserted beyond anthers, tip 

sometimes lightly incurved. 

 

Stigma bilobed, lobes 0.2-0.45 x 0.11-0.3 mm, purple, subtended by a whorl of hairs 

(Plate 3.3.26 k), hairs up to 0.25 mm long. 

 

Fruit indehiscent 1.8-2.2 x 2-2.4 mm, globose, beginning green or purple with various 

amounts of green or purple mottling (Plate 3.3.27 k), often turning orange and remaining 

fleshy for quite some time and in some cases drying to brown; when dried, thin walled, 

rough outer texture with impression of seeds visible through wall, slightly ribbed, 

sometimes hairy (Plate 3.3.24 i-j); apex essentially flat and crowned by calyx lobes and 

persistent style base; base flat to obtuse-rounded to cuneate. Counts of approximately 

120, 110, and 95 seeds obtained from 3 fruits. 

 

Seed generally elliptic to widely obovate, but irregularly shaped and often with semi 

flattened faces and slightly compressed in two directions to give a squared off corn kernel 

type shape, 0.42-0.53 mm long, 0.3-0.42 mm wide; apex flat to rounded; base obtuse to 

cuneate; margin entire; testa light brown to dark brown with a hardly noticeable dark spot 

at the hilium, smooth, glossy, covered in lightly to somewhat sinusoidal reticulated ridges 

with pits in between about as wide or wider than the ridges themselves, glabrous. 

 

Chromosome Number 

2n = 42 (Murray and Cameron 1990, Murray et al. 2004) 
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Figure 3.3.19 – Line drawing of Lobelia perpusilla 
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Distribution 

 
Figure 3.3.20 – Distribution of Lobelia perpusilla throughout New Zealand 

 

Lobelia perpusilla occupies damp places associated with wetlands in coastal to lowland 

situations throughout the South Island and lower North Island.  It is often found growing 

as a turf around kettleholes, lakes and ponds on exposed soggy mud (Plate 3.3.24 a-c) and 

apparently able to persist on dry cracked mud in ephemerally wet situations (Allan 1961, 

Moore and Irwin 1978, Johnson 1989). 

 

Lobelia perpusilla would appear to rely on animal dispersal of its seeds through frugivory 

as it possesses fleshy fruits.  However these fruits are not abundant or conspicuous, and 

locating some can be a real challenge for the human investigator.  This would seem to 

contradict the idea of adaptation to frugivory, as it is a prerequisite for seeds to be 

dispersed that the dispersing vector must first be able to find the fruit.  This species is 

known from all previous investigations as a relatively shy fruiter, and this could account 

for its uncommon status and limited distribution.  Therefore it might be the case that this 

species simply does not propagate sexually very often.  The question of how this species 
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came to occupy such isolated patches distributed throughout both islands still remains, 

and it may be that some of the few fruits that were produced were eaten by birds and 

carried to distant places, or as this species is prostrate and roots at the nodes, it may be 

another situation of dispersal of vegetative fragments attached to birds’ feet.  

Additionally, the possible influence of seed-carrying birds and insects can not be ruled 

out. 

 

Collections 

Three specimens of this species from different localities were cultivated in the Botany 

Department Garden, Dunedin.  2 collected by this author, and 1 collected by John Barkla. 

 

PPHC – Henry Creek, Lake Te Anau (1192433E 4977365N) 

PPED – Eweburn Dam, Central Otago (1369292E 5012722N) 

PPJB – Ahuriri Swamp (from John Barkla)  
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Lobelia angulata (syn. Pratia angulata) 
 

Type Specimen 

Unknown 

 

Description 

Creeping, prostrate, glabrous herb; rooting at leaf nodes.  Stem green with purple 

mottling or purple to red sometimes with green mottling (mottling gives the appearance 

of a ‘camouflage’ pattern) (Plate 3.3.29 g), 0.45-0.75 mm thick punctate (Plate 3.3.30 h, 

Plate 3.3.31 e), sometimes with 2 minute additional leaflets (scale leaves) at nodes when 

branching (Plate 3.3.31 k). 

 

Leaves alternate, upright to spreading, sessile or shortly petiolate; lamina 2.45-6.3 x 1.7-

6.7 mm, shape extremely variable (obovate, obtrullate, rhombic, elliptic, orbicular) 

(Figure 3.3.21), green, purple margin and teeth, sometimes a camouflage like purple 

mottling, usually glabrous, sometimes with a few stout stiff hairs on the margin or at the 

denticles (Plate 3.3.30 g), hairs when present 100-180 µm long, unicellular, punctate, 

midvein prominent, lateral veins faint to obscure, margin dentate/incised usually with 

around 5 or 7 (sometimes 9 or even 11) denticles of varying depth with a translucent 

gland at the tip (Plate 3.3.29 b, f, Plate 3.3.30 j, n, Plate 3.3.31 f, l), apex acute-subacute; 

petiole 0-1 x 0.3-1.1 mm, decurrent with exaggerated phalanges protruding on both sides 

and running down the length of the stem (Plate 3.3.29 g, Plate 3.3.30 h, Plate 3.3.31 e); 

scale leaves much smaller, elliptic-orbicular, fewer teeth on margin (Plate 3.3.30 m), 

sessile or shortly petiolate, 1.1-2.4 x 0.7-2.1 mm. 

 

Flowers hermaphrodite, but sometimes with no pollen in anthers (gynodioecious), 

resupinate, axillary, solitary; peduncle 2.1-18 (-60) mm long, 0.25-1.1 mm wide, green to 

brown-maroon, sometimes with purple spots, weakly punctate, glabrous, with 2 minute 

scale leaves at the base, perpendicular to the leaf and stem, enlarging as the flower 

matures (Plate 3.3.31 a, h). 
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Calyx with free lobes or sometimes with a short tube adnate to ovary; lobes 5, 1.5-3.2 x 

0.67-1.25 mm, green with purple margin, midvein and purple blotching, triangular to 

narrow triangular (Figure 3.3.22), abaxial surface sometimes punctate, glabrous, adaxial 

surface glabrous; margin usually entire, occasionally with 2 denticles (one on either side) 

with translucent tips ¼ to 1/3 of the way up (Plate 3.3.31 i), apex acute with a translucent 

tip. 

 

Corolla up to 12.8 mm long in late bud (Plate 3.3.29 j, Plate 3.3.30 f), 6.2-15.3 mm diam. 

when open, white, purple tips and midveins on abaxial surface, yellow sutures between 

the front 3 lobes, sometimes purple sutures between the front and rear lobes also on 

abaxial surface, two yellow-green markings between the sinus of the front 3 corolla lobes 

extending into the tube down the length of the lobes (Plate 3.3.28 d-f, Plate 3.3.29 i); tube 

3.7-6.3 mm long, sometimes tapered, 1.3-2 mm wide at base, 1.3-2.7 mm wide at top, 

fused except split nearly to base at back, front 3 and rear 2 lobes only very weakly fused 

to each other at the sides for half the length of the fused portion (Plate 3.3.30 k), fused 

portion of tube pleated with the lower part of each individual lobe strongly involute (Plate 

3.3.28 h), abaxial surface glabrous, adaxial surface glabrous; lobes 5 (sometimes 4, or 

rarely 6), 3.2-7.1 x 0.9-2.9 mm, front 3 lanceolate, rear 2 narrow lanceolate (Figure 

3.3.22), spreading to recurved, abaxial surface glabrous, adaxial surface glabrous, apex 

acute. 

 

Filaments 3.3-5.6 mm long, 0.22-0.38 mm wide, fused below anthers for 1/3 to ½ of 

length (Figure 3.3.22), adnate to corolla tube for short distance at very base with side 2 

fused for slightly more distance than the front 2 and the rear 1 either free or fused for an 

intermediate distance corresponding to the rear un-split portion of the corolla tube, purple 

in the distal part, becoming yellow-green in the proximal part, very occasionally with 

several small hairs. 

 

Anthers 1.1-2.3 mm long, united into a tube around the style, purple-brown, curved over 

at top, with a small central pore; 2 awns and several hairs present at apex on lower 

anthers, awns 0.37-0.58 mm long, hairs 0.11-0.32 mm long; pollen 30 µm diam. 
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Nectary annular, 0.25-0.58 mm high, yellow; apex with a ring of small stiff hairs (Plate 

3.3.29 d, l, Plate 3.3.31 b, j) or occasionally glabrous. 

 

Ovary 1.8-3.2 x 1-2 mm, green with purple to brown-maroon ribs in line with midveins 

of perianth lobes and occasional markings at the base, glabrous, apex flat (truncate), 

sometimes 3 locules (Plate 3.3.30 c-d). 

 

Style 4.7-6.9 mm long, widening at base, 0.17-0.35 mm wide for most of length, 0.37-

0.68 mm wide at base (Figure 3.3.22), green, exserted beyond anthers. 

 

Stigma bilobed, lobes 0.25-0.5 x 0.11-0.5 mm, purple (Plate 3.3.29 i), subtended by a 

whorl of hairs, hairs up to 0.29 mm long. 

 

Fruit a fleshy berry 5-12 x 7-12 mm, many varied shapes from globose to obconic to 

nearly heart shaped, sometimes extremely flattened in one direction, crimson to red to 

maroon, sometimes with green patterning (Plate 3.3.29 e, k, Plate 3.3.30 i, l, Plate 3.3. 31 

g, m); thick (foamy) walled (Plate 3.3.30 c-d), smooth or sparsely punctate, indehiscent; 

apex crowned by calyx lobes and persistent style base; base truncate-subcordate 

(rounded). 

 

Seed elliptic, occasionally slightly obovate or oblong (Plate 3.3.29 a, h, Plate 3.3.30 b, 

Plate 3.3.31 d) (sometimes shaped like a corn kernel), sometimes just slightly compressed 

in one direction, 0.72-0.9 mm long, 0.5-0.78 mm wide; apex rounded; base rounded or 

sometimes with two protruding ridges on either side (wings/phalanges); margin entire or 

sometimes with two protrusions at the base; testa orange brown with a dark spot at the 

apex and an even darker spot at the hilium, smooth, glossy, covered with extremely 

sinusoidal reticulated ridges with very narrow pits (Plate 3.3.30 a) or merely grooves in 

between (the ridges are so close together that there is no space in between), glabrous, 

sticky. 

Chromosome Number 

2n = 70, 140 (Murray et al. 2004) 
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Figure 3.3.21 – Line drawing of Lobelia angulata leaves 
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Figure 3.3.22 – Line drawing of Lobelia angulata floral parts 
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Distribution 

 
Figure 3.3.23 – Distribution of Lobelia angulata throughout New Zealand 

 

Lobelia angulata is the most common and widely distributed of all the native New 

Zealand Lobelias.  It is widespread and abundant in many damp places ranging from 

lowland to sub alpine (Plate 3.3.28 a-c), throughout both islands and also Stewart Island.  

It is especially common around stream and lake margins, but is also found in wet 

grassland, open forest and herbfields (Allan 1961, Mark and Adams 1973, Moore and 

Irwin 1978, Johnson and Brooke 1989). 

 

Lobelia angulata and Lobelia arenaria seem to clearly rely on animal dispersal through 

frugivory (most likely birds) as their conspicuous coloured fleshy fruits are their most 

recognizable feature.  Also as they are both prostrate turf forming Lobelias that root at the 

nodes, the possibility for transportation of vegetative fragments again also exists here.  

Additionally, the possible influence of seed carrying birds and insects can not be ruled 

out. 
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Collections 

Eight specimens of this species from different localities were cultivated in the Botany 

Department Garden, Dunedin.  2 collected by this author, 3 collected by Janet Dewdney, 

1 collected by Alan Mark, 1 collected by Paul Guy, and 1 collected by Janice Lord. 

 

PGMH – Marble Hill, Lewis Pass National Reserve (from Janet Dewdney)  

PGGK – Gunner Downs, Karamea (From Janet Dewdney)  

PGRI – Rona Island, Lake Manapouri (from Alan Mark)  

PGST – Sealy Tarns, Mt. Cook National Park (1364281E 5155778N) 

PGHT – Heaphy Track, Golden Bay (from Janet Dewdney)  

PGMC – Macraes Area, Nth Otago (from Janice Lord)  

PGDU – Northern Dunstan Mtns., Central Otago (1336324E 5025175N) 

PGNT – Nenthorn, Central Otago (from Paul Guy)  
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Lobelia arenaria (syn. Pratia arenaria) 
 

Type Specimen 

K – Lieut. H. Oakeley n. 1452 – Rendezvous Harbour, Enderby Island, Auckland Islands 

 

Description 

Creeping, prostrate, glabrous herb; rooting at leaf nodes.  Stem yellow green. 

 

Leaves alternate (Plate 3.3.32 f), upright to spreading, sessile or shortly petiolate; lamina 

5-8.7 x 5.5-8.1 mm, ovate to very widely ovate (Figure 3.3.24), thick and waxy 

(leathery), yellow-green, glabrous, midvein prominent, lateral veins faint to prominent, 

reticulated, margin serrate, usually with 11 denticles with a translucent gland at the tip 

(Plate 3.3.33 f-g, i, k), apex bluntly shallowly acute to obtuse; petiole 0-2 x 1-1.65 mm, 

decurrent with exaggerated phalanges running along the length of the stem (Plate 3.3.33 

j). 

 

Flowers hermaphrodite, resupinate, axillary, solitary; peduncle 1-10 (-20) mm long, 0.42-

0.75 mm wide, smooth, glabrous. 

 

Calyx with short tube or free lobes adnate to ovary; lobes 5, 0.8-1.9 x 0.57-1.1 mm, 

purple-maroon with green tips, triangular to widely deltate (Figure 3.3.25), abaxial 

surface punctate, adaxial surface glabrous; apex acute (Plate 3.3.33 e). 

 

Corolla up to 8.6 mm long in late bud, 7.1-9.2 mm diam. when open, white, sometimes 

faint purple blushing of the rear 2 lobes on the adaxial surface (Plate 3.3.32 e-g), yellow 

sutures between the lower 3 lobes and sometimes strong purple blushing on the abaxial 

surface, two yellow-green markings between the sinus of the front 3 corolla lobes (Plate 

3.3.32 d-g, Plate 3.3.33 a), lightly scented; tube 2.4-3.4 mm long, tapered, 0.83-1.24 mm 

wide at base, 1.2-1.74 mm wide at top, fused except split to base at back (Plate 3.3.33 e), 

rear 2 lobes only weakly fused to front 3 for upper half of fusion, fused portion of tube 

pleated with the lower part of each individual lobe strongly involute, abaxial surface 
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glabrous, adaxial surface glabrous; lobes 5 (sometimes 4) (Plate 3.3.32 e, g), 3.8-5.7 x 1-

2.2 mm, front 3 lanceolate, rear 2 narrow lanceolate (Figure 3.3.25), spreading to 

recurved, abaxial surface glabrous, adaxial surface glabrous, apex acute. 

 

Filaments 2.0-3.3 mm long, 0.15-0.31 mm wide, fused below anthers for 1/3 of length 

(Figure 3.3.25), adnate to corolla tube for short distance at very base, purple in the distal 

part, becoming yellow-green in the proximal part. 

 

Anthers 1-2 mm long, united into a tube around the style, purple-brown, curved over at 

top, with a small central pore; 2 awns and several hairs present at apex on lower anthers, 

awns 0.35-0.5 mm long, hairs 0.13-0.21 mm long; pollen 30 µm diam. 

 

Nectary annular, 0.27-0.45 mm high, yellow; apex with a ring of stout stiff hairs (Plate 

3.3.33 d, h). 

 

Ovary 1.1-2.8 x 1.4-2.9 mm, yellow-green, smooth, glabrous, apex flat. 

 

Style 3.2-4.4 mm long, widening at base, 0.17-0.38 mm wide for most of length, 0.3-0.68 

mm wide at base (Figure 3.3.25), yellow-green, exserted beyond anthers. 

 

Stigma bilobed, lobes 0.28-0.4 x 0.17-0.48 mm, purple (Plate 3.3.33 c), subtended by a 

whorl of hairs (Plate 3.3.33 b), hairs up to 0.25 mm long. 

 

Fruit a fleshy berry 5-10 x 7-10 mm, generally globose, dark purple at maturity; thick 

walled (foamy), smooth, indehiscent; apex crowned by calyx lobes and persistent style 

base; base truncate-subcordate (rounded). 

 

Seeds not observed during the course of this study. 

 

Chromosome Number 

2n = 70 (Murray et al. 2004) 
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Figure 3.3.24 – Line drawing of Lobelia arenaria leaves 
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Figure 3.3.25 – Line drawing of Lobelia arenaria floral features 
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Distribution 

 
Figure 3.3.26 – Distribution of Lobelia arenaria throughout New Zealand 

 

Lobelia arenaria is similar to Lobelia angulata in many respects, but is more restricted in 

habitat to mainly moist areas in grassland, herbfield (Plate 3.3.32 a-c) or sand dune 

hollows.  Often found growing on sand or exposed mud, the types of habitats favoured by 

this species are abundant in South East Otago and the offshore island groups (Auckland, 

Campbell, Antipodes, Chathams) on which it is found (Allan 1961). 

 

See also discussion of Lobelia angulata dispersal above. 

 

Collections 

Three specimens of this species from different localities were cultivated in the Botany 

Department Garden, Dunedin.  1 collected by this author, and 2 collected by Janice Lord 

and Yana Hashim. 
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PABG – Dunedin Botanic Gardens (ex Chatham Islands)  

PATB – Thakaopa Bay, Catlins (from Janice Lord and Yana Hashim)  

PAFI – False Islet, Catlins (from Janice Lord and Yana Hashim)  
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3.4 Floral morphometrics 
 

Methods 
 

 In order to separate the New Zealand species into groups on the basis of 

morphological differences, floral morphology data were analysed using the Discriminant 

Analysis function in SPSS Statistics v 17.  Only characters comprised of continuous 

numerical data were included in the analysis.  Characters that were recorded as 

presence/absence or lengthy descriptive notes were excluded from the analysis.  

Characters whose measurements were deemed to be unreliable were also excluded from 

the analysis.  Peduncle length was excluded as it appeared to be highly variable for all 

species and due to the dissection technique it was not always possible to be sure the entire 

length of the peduncle had been included on the slide.  Filament length was excluded as it 

was necessary to detach the filaments from the corolla tube to enable clear viewing of 

corolla and filament hairs, but by its very nature this process separated the fused and 

unfused part of the filaments and it was not possible to accurately calculate the full 

filament length.  Stigma lobe length and width were excluded because consistent reliable 

measurements of these characters were not always possible due to the fact that not all 

flowers were in a mature stigmatic phase at the time of dissection.  Stigma hair length 

was excluded because consistent reliable measurements of this character were not always 

possible, due to the fact that on those flowers that were in the mature stigmatic phase at 

the time of dissection, the stigma lobes had unfurled and obscured the stigmatic brush. 

 The morphological characters that were included in the final discriminant analysis 

were as follows: peduncle width at the top, peduncle width at the base, length of all calyx 

lobes, width of all calyx lobes, corolla tube length, corolla tube width at the top, corolla 

tube width at the base, length of all corolla lobes, width of all corolla lobes, filament 

width, anther length, anther width, anther awn length, anther bristle length, pollen 

diameter, nectary height, ovary length, ovary width, style length, style width for majority 

of length, and style width at base. 
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  Due to the lack of material able to be examined and the questions surrounding the 

historical discovery and the true identity of Lobelia fugax, the decision was made to 

include the one set of floral measurements for this species in the group along with the 

measurements of Lobelia fatiscens. 

 

 

Results 
 

Table 3.4.1 - % of variance explained by functions from discriminant analysis 
Discriminant function % of variance Cumulative % Canonical correlation 

Function 1 37.9 37.9 .985 

Function 2 26.6 64.5 .979 

Function 3 18.6 83.1 .971 

 

 83.1% of the variation between species was explained by the first three 

discriminant functions (Table 3.4.1).  Discriminant function 1 was most strongly 

positively influenced by the characters: rear corolla lobe width, calyx lobe width, corolla 

tube length and anther length; and was most strongly negatively influenced by the 

characters: ovary length, corolla tube width at the top and anther width.  Discriminant 

function 2 was most strongly positively influenced by the characters: front corolla lobe 

length, corolla tube width at the base, ovary length and anther width; and was most 

strongly negatively influenced by the characters: style length, rear corolla lobe width and 

rear corolla lobe length.  Discriminant function 3 was most strongly positively influenced 

by the characters: style length, rear corolla lobe length, rear corolla lobe width and 

corolla tube width at the top; and was most strongly negatively influenced by the 

characters: corolla tube length, ovary width, front corolla lobe width, calyx lobe length 

and anther bristle length.  The separation of species achieved based on discriminant 

functions 1 and 2 is illustrated in Figure 3.4.1.  One function of discriminant analysis 

using SPSS is that the program has the ability to allocate individuals to predicted groups 

other than their originally assigned groups.  In this analysis one specimen of Lobelia 
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perpusilla was predicted to actually be Lobelia ionantha.  All other specimens were 

deemed to be correctly identified by the discriminant analysis. 

 

Figure 3.4.1 – Separation of species by the two most informative discriminant functions 

 

 

Discussion 
 

 Before discussing the outcomes of the morphological investigation, it is necessary 

to discuss some of the shortcomings surrounding the separations of species prior to the 

discriminant analysis.  As mentioned above, the delineation between Lobelia macrodon 

and Lobelia glaberrima was unclear to this author at the time of investigation, and based 

on the official description of Lobelia glaberrima it is possible that some of the entities 

examined during the description of Lobelia macrodon were in fact Lobelia glaberrima, 

but not enough satisfactory information is available as to the actual difference between 
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the two species to make a definite conclusion (see Figure 3.3.13).  All of these situations 

have the potential to impact the outcome of the discriminant analysis since it depends on 

to which groups the individuals were assigned to begin with.  The discriminant analysis 

does have the power to predict which group an individual should belong to if it seems 

like it was originally improperly classified, and this did happen in one case for this 

analysis.  The one instance of Lobelia perpusilla being predicted to be Lobelia ionantha 

is unexplained, but would seem to show that the characters used for the discriminant 

analysis weren’t the same characters that readily distinguish these two species.  Indeed, 

the identification process used with respect to these two species was extremely reliable 

since the differences between these species (e.g. leaf texture, hairiness, corolla splitting 

and colouration, see Plates) are obvious enough not to present identification problems.  

But those differences lie in features which were incompatible with the discriminant 

analysis, and the characters that were analysed, like flower size and shape, are actually 

very similar between the two species. 

 All that being said, as determined by the discriminant analysis, the ten most 

informative floral morphological variables for telling species apart are: rear corolla lobe 

width, corolla tube length, ovary length, anther length, anther width, calyx lobe width, 

corolla tube width at the top, style length, front corolla lobe length and rear corolla lobe 

length.  This suggests that the overall size of the corolla, calyx, and anthers, and their 

sizes relative to one another are the most useful characters, of the characters included in 

the discriminant analysis, for distinguishing the New Zealand Lobelia species from one 

another.  Other characters which were not included in the discriminant analysis also 

appeared to be informative with regard to telling the species apart, such as the degree of 

splitting at the rear of the corolla, whether or not the corolla is also split down the sides, 

the hairiness of the corolla tube, the degree of fusion between the filaments and the 

corolla tube, and the nature of the leaf margin.  However, the morphologies of all of these 

species are too similar to each other in many circumstances to have a meaningful rule to 

tell one species from another based on many traditional characters like leaf and flower 

size alone.  For these species single small morphological differences or several 

differences together of some of the above listed characters are the only guideposts for 

investigators to use to tell which species are which. 
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Chapter 4 – Pollination Experiment 
 

4.1 Introduction 
 

 One classical tool for assessing genetic relatedness, that can also be very useful in 

establishing species boundaries, is the assessment of interfertility through the creation of 

experimental crosses between taxa under cultivated conditions (Stace 1989).  In theory, 

species that are more closely related genetically to one another will be more likely to 

produce viable seed as the result of a cross pollination (Dafni 1992).  Additionally, if two 

taxa that appear distinct show a high degree of interfertility, under certain circumstances 

and depending on the weight of other evidence, they may be considered to be the same 

species under certain species concepts (Mayr 1996).  Only one previously published 

study has attempted to create experimental crosses with native New Zealand Lobelioids, 

and this study was limited to the genus Pratia as it existed at that time (Murray et al. 

2004).  In order to inform the current work, it was felt that more complete information of 

this type for all relevant New Zealand species would be useful.  To that aim, an 

experiment was conducted to assess the ability of the species in cultivation by this author 

to hybridise with each other under cultivated conditions.   

 Based on physical proximity of plants in the field and vectors for dispersal of both 

gametes and propagules, only certain suites of NZ Lobelia species would have the 

opportunity to even try to hybridise with each other in the wild.  The exact pollinators of 

the New Zealand taxa are unknown, but most are probably unspecialized and flowers are 

visited by a wide variety of different insects, as are many New Zealand flowers 

(Campbell et al. 2010).  Ants have been observed visiting some New Zealand 

Lobelioideae flowers, and inadvertently collecting pollen, presumably while feeding on 

nectar (personal observation).  The potential combinations that could be formed under 

ideal conditions in the wild are briefly discussed below. 

 



 224 

 Lobelia anceps grows in coastal situations in very close proximity to Lobelia 

angulata and Lobelia fatiscens in the South Island, and to Lobelia angulata and Lobelia 

physaloides in the North Island. 

 

 Lobelia ionantha is found in some locations growing side by side with Lobelia 

perpusilla and Lobelia angulata.  It also grows in some locations not far from 

populations of Lobelia roughii, Lobelia linnaeoides, Lobelia macrodon and Lobelia 

glaberrima, such that there should be no reason why pollen could not be carried between 

the species.  It also appears that there should be populations of Lobelia ionantha 

occurring near the headwaters of east flowing rivers, such that they would only be 

separated by a short distance over a mountain pass from populations of Lobelia fatiscens 

occurring near the headwaters of west flowing rivers, and in such a situation transfer of 

pollen from one species to the other would seem quite possible. 

 

 This author has no direct experience with Lobelia carens, but this species 

apparently grows side by side with Lobelia perpusilla and Lobelia angulata in some 

locations. 

 

 Lobelia fatiscens as already mentioned can be found side by side with Lobelia 

anceps and Lobelia angulata and in reasonably close proximity to Lobelia ionantha in 

some locations.  In situations where a population is growing near the headwaters of a 

West Coast river, the plants would in some cases be in reasonably close proximity to 

Lobelia roughii (Nelson Lakes and Kahurangi National Parks), Lobelia linnaeoides (Mt. 

Aspiring National Park), and Lobelia macrodon (several locations), such that transfer of 

pollen between the species would seem possible.  This type of situation would also 

appear to potentially bring this species physically near to populations of Lobelia 

perpusilla (as in the case with Lobelia ionantha), such that sharing of pollen between the 

two species would seem theoretically possible. 

 

 Lobelia fugax grows in very close proximity to Lobelia fatiscens throughout its 

entire range, and some investigators have suggested that Lobelia fugax may in fact not be 
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a separate species, but just populations of Lobelia fatiscens at the extreme altitudinal limit 

of its range.  Herbarium records of Lobelia macrodon show that this species grows in the 

same location as Lobelia fugax.  No direct records of other Lobelia species are known 

from the exact location of the Lobelia fugax populations, but given the records of species 

from neighbouring peaks in the area, it seems likely that Lobelia roughii also occurs 

relatively close to Lobelia fugax such that pollen transfer between the species would be 

theoretically possible.  Additionally, given the wide distribution of Lobelia angulata, it 

also seems likely that populations of L. angulata exist in the valleys below the known 

populations of Lobelia fugax and that pollen transfer between these two species could 

also take place. 

 

 Lobelia macrodon, Lobelia glaberrima, Lobelia linnaeoides and Lobelia roughii 

all occupy a similar habitat and their populations overlap for at least some part of their 

ranges, especially in the area of Mt. Cook, where all four species can be found growing 

relatively close to one another along with Lobelia angulata.  So it is theoretically possible 

that each one of these species could be exposed to pollen from any of the others or from 

Lobelia angulata.  In addition to having the potential to be pollinated with pollen from 

one another, these four species also occur in areas where, as previously mentioned, it is 

feasible that pollen could be transferred between them and Lobelia ionantha.  And all of 

the species except Lobelia glaberrima occur in areas where, as previously mentioned, 

they could potentially share pollen with Lobelia fatiscens, and L. macrodon and L. 

roughii also can be found growing close to Lobelia fugax.  The ranges inhabited by 

populations of these four species also bring each one in relatively close proximity to 

Lobelia perpusilla such that there would appear to be potential for pollen exchange. 

 

 Lobelia perpusilla has a patchy and disjointed distribution which brings it in close 

physical proximity to almost every other species.  The only species which Lobelia 

perpusilla is not likely to occur near by are Lobelia anceps (but this may be purely due to 

a lack of collection information), Lobelia fugax, and Lobelia arenaria.  All potential 

situations of close proximity of this species to one of the others have been mentioned 

previously, except for the possibility of Lobelia perpusilla and Lobelia angulata 
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occurring together.  This situation has the potential to occur in numerous locations in both 

the North Island and the South Island simply by virtue of the extremely wide distribution 

of Lobelia angulata, since it is found in almost every suitable habitat including nearly 

every location where Lobelia perpusilla is found.  Pollen transfer between these two 

species not only seems likely, but is the one case for these species that has actually been 

documented, with hybrids between the two species described in Murray et al. (2004). 

 

 Lobelia angulata is the most widely distributed of all the species and as 

mentioned several times previously finds itself in close proximity to every other native 

New Zealand Lobelia species in at least some part of its range. 

 

 Lobelia arenaria is very restricted in its range, so much so that the only other 

Lobelia that it is regularly found in any close proximity to is Lobelia angulata, and 

indeed there is still some dispute as to whether Lobelia arenaria should be treated as a 

species in its own right, or if it is in fact merely part of the wide ranging morphological 

variation exhibited by Lobelia angulata as a single species.  Additionally both Lobelia 

anceps and Lobelia arenaria are recorded as occurring on the Chatham Islands, so 

depending on the actual physical proximity of the populations there, an opportunity for 

pollen transfer between those two species could also potentially arise. 

 

 The aim of this part of the study was to cross pollinate all potential combinations 

of species that were practically possible in order to see which combinations would mature 

fruit and to recover any seed to observe microscopically and test for viability. 
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4.2 Methods 
 

 Initial observations were made of the flowers of most species under investigation, 

to determine the main features of flowering phenology that were of relevance to the 

experiment.  The following factors were observed in an effort to maximize the potential 

opportunities for making crosses: length of time from bud stage to anthesis, duration of 

anthesis, time of anther dehiscence, duration of pollen presentation, time of initiation of 

stigmatic receptivity, duration of stigmatic receptivity and presence of pollen vectors.  

Unfortunately, due to the limitations of time and a lack of available assistants to aid in 

observation, data for these factors were not systematically recorded.  If observations of 

this nature could be repeated and recorded for each species, these data would be 

profoundly useful for future investigators. 

 The crosses attempted were limited by the availability of floral material and were 

prioritised based on perceived genetic distance at the time of the experiment and species 

combinations likely to come into contact in the field.  When limited floral material was 

available, priority was given to crosses within the genera as they were known at that time.  

A summary of the crosses completed is presented in Table 4.1.  Insect exclusion was 

attempted for both entire potted plants and for individual flowers, but was found in most 

cases to be impractical and cost prohibitive, and in some cases conceivably impossible.  

The use of separate glasshouses for pollen donor plants and plants receiving pollen as a 

technique could have the potential to alleviate this problem, but limited resources did not 

allow this. 

 Flowers were selected from each species as they became available and were 

assigned to be either left intact or emasculated (Figure 4.2.1).  As the flowers developed 

and entered into stigmatic receptivity, pollen from a selected donor plant was placed on 

the receptive stigma (Figure 4.2.2) and the flower was marked with coloured cotton 

thread to denote the treatment.  Pollination treatments were performed on both 

emasculated and unemasculated flowers, for the purpose of establishing whether or not 

emasculation is actually necessary for this type of study with these species.  Some 

flowers also received pollen from a different flower on the same plant, and from a flower 

of the same species from a different individual plant.  Pollen was obtained by 
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manipulating the awns (bristles attached to the apex of the lower two anthers) of a mature 

open flower with an ultra thin beading needle so that the pollen was extruded like 

toothpaste on to the tip of the needle (Figure 4.2.3) and then transferred directly to the 

appropriate receptive stigma.  Controls at various levels were included to verify the 

validity of the experiment.  Controls included: completely unmanipulated flowers left 

open to natural pollination, unmanipulated flowers with insects excluded, emasculated 

flowers left open to natural pollination, emasculated flowers with insects excluded, 

flowers treated with pollen from a different flower on the same plant, and flowers treated 

with pollen from the same species but from a different accession. 

 Fruit were collected as they matured, and seeds were extracted and examined.  

Viability was assessed visually and via germination tests.  Germination tests were carried 

out in a mist chamber by spreading the seeds on top of a seed tray containing a moist 

mixture of 50/50 sand and potting mix. 

 

 
Figure 4.2.1 – Emasculated flower of Lobelia fatiscens (Little Totara) 
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Figure 4.2.2 – Pollen on a receptive stigma of Lobelia fatiscens (Little Totara) 

 

 
Figure 4.2.3 – Pollen being collected from Lobelia ionantha (Henry Creek) using a 

beading needle 
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4.3 Results 
 

 Fifty-one individual pollinations were attempted.  The pollination treatments that 

were attempted are shown in Table 4.1. 

 

Table 4.1 – Experimental cross pollinations attempted in this experiment, u = flower 
unemasculated, e = flower emasculated (capital letter = fruit produced) 
 Pollen Recipient →  
Pollen Donor↓ Lobelia macrodon 

(Avalanche Ridge) 
Lobelia fatiscens 
(Little Totara) 

Lobelia fatiscens 
(Lake Mahinapua) 

Lobelia linnaeoides 
(Ohau Skifield) 

Lobelia ionantha 
(Henry Creek) 

Lobelia glaberrima 
(Waikaia Bush Rd) 

u     
Lobelia glaberrima 
(Top Penguin Tor) 

u e     
Lobelia glaberrima 
(Bottom Penguin) 

    e 
Lobelia macrodon 
(Gem Lake) 

u     
Lobelia macrodon 
(Sealy Tarns) 

u   E E  
Lobelia macrodon 
(Avalanche Ridge) 

   U u u u 
Lobelia linnaeoides 
(Dunstan Mtns) 

u u     
Lobelia linnaeoides 
(Rock and Pillar) 

   U u e 
Lobelia ionantha 
(Ainges Rd) 

u u  e  e 
Lobelia ionantha 
(Henry Creek) 

u u e E E u u u E   
Lobelia ionantha 
(Macraes) 

    e 
Lobelia fatiscens 
(Lake Mahinapua) 

 E   u u e e 
Lobelia fatiscens 
(Little Totara) 

    e e e 
Lobelia fatiscens 
(Westhaven Inlet) 

    e e 
Lobelia perpusilla 
(Ahuriri) 

    e 
Lobelia arenaria 
(Botanic Garden) 

    e 

 

 Unfortunately due to limitations and unforeseen factors discussed below, only 5 

mature hybrid fruits were obtained from the plants utilized for this experiment.  The 

potential crosses from which mature fruits were obtained were: HRHC x IFLT (X2), 

IFLT x IFLM, HRHC x IFLM, and LLOH x PMST (TABLE 4.1). 

 Of the potentially hybrid seeds produced by the 5 potentially hybrid fruits 

resulting from this experiment, some had more of an appearance of viability than others.  
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When examined with the naked eye and under the microscope, some seeds had the 

normal orange-brown appearance like most other New Zealand Lobelioid seeds, and 

some seeds were black with a more vestigial appearance. 

 The seeds from the flowers of Lobelia fatiscens from the Little Totara River that 

were crossed with pollen of Lobelia ionantha from Henry Creek had the normal size and 

colour of typical New Zealand Lobelioid seeds, but they were extremely flattened in one 

direction, which is uncharacteristic of the seeds of either of the parent species.  Also the 

surface texture caused by the testa cells was closer in appearance to that of normal 

Lobelia ionantha seeds.  Two fruits resulted from this cross combination on two separate 

plants.  Both fruits were of the normal size and appearance of their parent species and at 

least some seeds from each fruit germinated.  One adult plant of this hybrid has been 

maintained in cultivation, and at first glance, the flowers produced by this plant share a 

mixture of features from both parent species. 

 The seeds produced by the flower of Lobelia fatiscens from the Little Totara 

River that was crossed with pollen of Lobelia fatiscens from Lake Mahinapua were of the 

normal size and shape for this species, but were a much darker brown-black colour than 

the normal orange-brown.  The one fruit produced by this cross was of the normal size 

and appearance for this species, but contained dramatically fewer than normal seeds (only 

12), and the seeds’ surface texture exhibited a strange ‘triple stripe’ or reticulated ridges 

appearance that is unlike any other New Zealand Lobelioid seed texture observed by this 

author.  At least some of the seeds from this fruit germinated, and one adult plant of this 

hybrid has been maintained in cultivation. 

 The seeds from the flower of Lobelia fatiscens from Lake Mahinapua that was 

crossed with pollen of Lobelia ionantha from Henry Creek had two distinct appearances.  

Slightly less than half (22) had the normal shape and size of typical New Zealand 

Lobelioid seeds, but were totally black instead of the normal orange-brown.  The 

remaining slightly more than half (30) were the normal size and colour of typical New 

Zealand Lobelioid seeds, but were more flattened in one direction than usual.  Also the 

surface texture caused by the testa cells for both types was closer in appearance to that of 

normal Lobelia fatiscens seeds.  The one fruit produced by this cross was of the normal 

size and appearance of fruits of the parent species and contained a typical number of 
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seeds.  At least some of the seeds germinated, but it is unknown if germination was 

favoured by the black or the brown seeds.  One adult plant of this hybrid has been 

maintained in cultivation. 

 The seeds from the flower of Lobelia linnaeoides from Lake Ohau Skifield that 

was crossed with pollen of Lobelia macrodon (glaberrima?) from Sealy Tarns had the 

appearance of normal Lobelia linnaeoides seeds in almost every respect.  The one fruit 

produced by this cross had the normal size and appearance of a Lobelia linnaeoides 

capsule and a typical number of seeds, but the surface texture of the seeds caused by the 

testa cells had an appearance that shared features of the surface textures found on the 

seeds of both parent species.  No seeds from this fruit germinated. 
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4.4 Discussion 
 

 Because of the lack of a reliably established technique for this sort of work on 

plants of this growth habit and stature, carrying out the pollinations themselves was 

extremely difficult, time consuming and frustrating.  Therefore it is not known whether 

the low number of mature fruits truly reflects barriers to hybridization or if the results are 

merely an artifact of an unreliable technique.  In addition, the amount of floral material 

and the fertilisations that were attempted were extremely compromised by a Whitefly 

(Bemisia spp.) infestation in the glasshouse.  The experiment was further compromised 

when the plants were sprayed with ‘Shield’ insecticide in an attempt to control the 

infestation, as this spraying resulted in the death of several plants and extreme damage to 

many others on which experimental treatments were already underway.  The only seeds 

produced by this experiment came from crosses within a clade, so these results give a 

preliminary indication that the phylogenetic relationships arrived at from the DNA 

evidence do potentially truly indicate the actual relationships, but a much more 

comprehensive pollination study must be done and must obtain more robust and reliable 

results before definitive conclusions can be drawn.  With regard to the one set of seeds 

produced by this experiment that did not germinate, this could be because the seeds 

required some sort of chilling or other stratification treatment to break dormancy, as both 

parent species are found in the alpine zone and their seeds would normally be shed in 

snow.  Another possibility is that the seeds were not viable as a result of incompatible 

genetic combinations during the cross.  Alternatively, given the appearance of the seeds, 

the cross may not have actually been successful in the first place.  Some of the problems 

and limitations surrounding the use of classical pollination study techniques on these 

species are discussed below. 

 Typical pollination studies utilize pollen bags constructed of fine mesh to 

surround individual flowers that are being studied.  This prevents the movement of 

insects to and from the flower and ensures that any fruit produced by the flower can only 

be a result of autogamy, apomixis or the experimenter’s intervention.  In this study, the 

use of pollen bags was initially attempted, but was very difficult to achieve and in the end 

was determined to be unreliable.  For a start, many of the species in question in this study 
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are extremely small and their flowers are either sessile or have extremely short peduncles.  

This would require the use of pollen bags smaller than any currently available, and would 

also make it extremely difficult to attach the bags.  Taking pieces of flat pollen bag mesh 

and pinning them to the ground such that they covered individual flowers was also 

attempted, but this was complicated by the fact that additional flowers often appear in the 

axils immediately adjacent to existing flowers, meaning that more than just the 

experimental flower had the potential to be present under the pinned down mesh during 

the experimental period.  Additionally, pinning mesh to the irregular soil surface and 

leaving room for the growth of the elongating stem to which the experimental flower was 

attached meant that there were numerous small gaps in places between the mesh and the 

soil surface, and due to the presence of large numbers of microscopic insects, the transfer 

of unintended pollen to the experimental flower could not be ruled out.  Some 

investigators have attempted pollination studies in these species without regard to 

excluding the numerous microscopic insects which are bound to be present in potted 

plants (P. Heenan, unpub. Pers. Comm.), but this author has directly observed the 

presence of several different types of these insects inside the flowers of these plants (e.g. 

Thrips, ants), with pollen all over them, and was not prepared to rule out their ability to 

transfer unintended pollen. 

 Using large pieces of pollen bag mesh to create shrouds that covered entire plants 

was also attempted (Figure 4.4.1), but this still left the possibility that any fruits arising 

from experimental flowers may have been the result of autogamy.  In the one previously 

published study of pollination that had been attempted on some of these species, the 

authors used cellophane bags of the type used to attach things like seeds to herbarium 

specimens.  In that study, they placed the bags over the flowers and sealed the bottoms by 

folding them and keeping the fold in place with a paperclip (B. Murray Pers. Comm.).  It 

should be noted that the species examined in that study were L. angulata, L. arenaria and 

L. perpusilla, the species with some of the larger flowers and longer peduncles out of the 

group.  Cellophane bags were also tried for this study, and because such a seemingly 

reliable result had been produced for the three species in the study mentioned above, it 

was decided that for this study it would be best to focus on the other species for which 

there was no interfertility information published.  Unfortunately, most of the remaining 
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species were not very conducive to being manipulated for this type of experiment as they 

generally had smaller flowers and/or shorter peduncles, which made it difficult to 

manipulate the flowers, and to attach the bags for insect exclusion.  Where peduncles 

were short and it was impossible to paperclip a cellophane bag over the flower, centrifuge 

tubes that had been modified by cutting a small hole in the side at the top, such that the 

tube could be closed around the flower without damaging the peduncle, were used. 

 

 
Figure 4.4.1 – Attempt at insect exclusion from whole plants 

 

 To rule out the influence of autogamy, flowers to be investigated are generally 

emasculated prior to anther dehiscence, and in a typical hermaphrodite flower this 

generally poses no problem especially if the flowers and anthers are relatively large.  In 
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flowers that are very small and where the anthers are fused into a tube around the style, 

this process can become a nightmare.  In the species under investigation for this study, 

pollen is shed by the dehiscing anthers on the inside of the fused pollen tube just prior to 

or just after anthesis (flower opening) and before the stigma becomes receptive.  The 

pollen is pushed up and out of the opening of the anther tube by the elongating immature 

stigma like a piston, and upon breaching the opening of the anther tube, having pushed 

out all of the pollen in the tube, the tip of the stigma unfurls its lobes and becomes 

receptive.  By this process the pollen and the receptive stigmas of individual flowers are 

separated from each other in time (dichogamy), preventing self-pollination and increasing 

the chances of genetic variability of the offspring through outcrossing.  However in some 

species under investigation in this study, the stigma appears to unfurl its lobes and 

become receptive while still enclosed in the anther tube (Figure 4.4.2) and still in the 

process of pushing out its own pollen, resulting in the stigma apparently being fertilized 

by its own pollen (Figure 4.4.3), sometimes even while the flower is still closed before it 

has opened (cleistogamy) (Figure 4.4.4).  This situation was noticed by this author in the 

initial stages of the pollination study when individual flowers were being observed, to get 

an idea of the parameters of flowering phenology.  A case in point was one Lobelia 

fatiscens (Little Totara) flower that was being monitored for the time taken to get from 

the bud stage to opening.  The flower bud kept growing larger and larger as though it 

were about to open, but then the corolla started to senesce and dry up before the flower 

had opened, and the ovary began to swell and take on an appearance that clearly indicated 

fertilization, with the outline of the seeds becoming visible through the thin fruit wall (see 

Video on enclosed CD-ROM).  Initially apomixis was implicated, but on closer 

investigation it was revealed that pollen was being shed and stigmas were becoming 

receptive within other closed flowers on the same plant.  This was not directly observed 

on other plants or for other species, but a thorough examination of flowering phenology 

for all varieties of all species was not within the scope of this study and the potential for 

occurrences of this type within the other species could not be ruled out.  This revelation 

pointed to the necessity to emasculate all experimental flowers well before anthesis to 

produce robust reliable results for this experiment, even though previous informal 
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experiments had been carried out on these species by other investigators without 

emasculation (P. Heenan, unpub. Pers. Comm.). 

 

 
Figure 4.4.2 – An anther column of Lobelia fatiscens (Little Totara) bulging due to the 

stigma lobe unfurling while still enclosed inside 

 

 
Figure 4.4.3 – A flower of Lobelia fatiscens (Little Totara) with the anther column 

removed to reveal an open stigma collecting self-pollen 
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Figure 4.4.4 – Closed, immature flower bud of Lobelia fatiscens (Little Totara) popped 

open and emasculated to reveal a receptive stigma collecting self-pollen 

 

However, a small number of unemasculated flowers were still included in the experiment 

to see what the outcome would be, since there was a lack of any real information about 

pollination protocols for these species, and the cleistogamy situation was at that stage 

limited to apparently one plant.  Unfortunately emasculating a c.f. 1mm flower bud with 

fusion between the androecium and gynoecium is very difficult to accomplish without 

damaging the flower in a way that could potentially affect the fertilization outcome.  In 

this author’s opinion, some preliminary studies on the effect that emasculation has on 

floral development should be undertaken to resolve these uncertainties before any further 

pollination studies are attempted on these species. 

 In addition to the issues surrounding emasculation and preventing autogamy, there 

was also the issue of preventing non-target pollen from other sources reaching the 

experimental flower.  As mentioned above, this is generally achieved by the placement of 
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fine mesh pollen bags over the individual flowers to exclude insects and wind-borne 

pollen, but in this case due to the stature of the plants and flowers this procedure had to 

be modified.  Initially whole plants were isolated from each other using large shrouds of 

the fine pollen bag mesh that could be placed over the entire plant and its pot (Figure 

4.4.1).  Isolating entire plants is not ideal as it still allows for the transfer of pollen from 

one flower to another (geitenogamy) by vectors living within the plant pot.  Initially it 

was hoped that crawling insects living within the plant pot would be at a low enough 

density that by excluding flying pollen vectors coming from elsewhere, it could be 

reasonably assumed that any fertile fruits produced were a result of the experimental 

treatment.  Unfortunately, this did not prove to be the case, and in fact, the shrouds of fine 

mesh placed over the potted plants seemed to increase the density of insects, especially 

Whitefly (Bemisia spp.), both crawling and flying within the shroud. 

 It was determined that this situation was unacceptable in regards to the pollination 

experiment, in the sense that even though whiteflies are not necessarily interested in 

pollen or the flower as a whole, the sheer density of them would almost certainly result in 

the transfer of non target pollen, and affect the health of the plants.  The affected plants 

were therefore sprayed with insecticide, diluted in water and delivered through a standard 

pressure sprayer.  This was seen as the only alternative to going through and 

emasculating every flower on the shrouded plants, an exercise that was ruled out as 

impractical due to time limitations.  The insecticide had a noticeable effect on insect 

populations on the experimental plants, but it also had the unintended effect of damaging 

almost all mature flowers at the time of spraying, and damaging the leaves of some of the 

species with more sensitive leaves (Lobelia macrodon, Lobelia glaberrima and Lobelia 

fatiscens), killing some whole plants outright (Figure 4.4.5).  This had a devastating 

effect on the pollination experiment as many of the experimentally treated flowers 

appeared to be ruined by the spraying (and in fact did not set fruit in the end), and some 

of the plants that were completely killed contained a large number of experimental 

flowers. 
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Figure 4.4.5 – Lobelia macrodon plant severely damaged by insecticide 

 

 In an attempt to salvage the experiment some additional pollinations were carried 

out on the few intact flowers that were still available, using new techniques such as 

cellophane herbarium bags and altered centrifuge tubes to isolate the flowers.  

Unfortunately, these techniques also had their drawbacks, which would appear to render 

them unsuitable for this type of experiment without further modification.  The cellophane 

bags and modified centrifuge tubes appeared to create a very humid microenvironment 

surrounding the floral parts that encouraged insects and fungus to accumulate, much to 

the detriment of the flower and the developing fruit.  By virtue of the way that both the 

cellophane bags and centrifuge tubes were attached to the flowers, as well as the thin 

fragile nature of the peduncles of the species under study, there were small gaps 

surrounding the peduncle of the flower where the tube or bag was attached.  Insects 

seemed to take immediate advantage of these gaps and the new microenvironment 

beyond them and were seen to accumulate around the peduncles of isolated flowers.  
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Whether the presence of insects encouraged the growth of fungus or vice versa is 

unknown.  Even though the cellophane bags were supposedly breathable, increased 

humidity (the bags and tubes regularly fogged up) and increased fungal and insect growth 

was observed in flowers isolated by both tubes and bags. 

 Whatever the cause, nearly all of the experimental flowers in this study failed to 

produce mature fruit.  In those cases where direct damage from insects, fungus and 

insecticide was not implicated, the ovary of the manipulated flower just appeared to 

gradually shrivel and whither away.  Whether this was a valid result because the pollen 

delivered to the stigma was incompatible or whether the flowers had simply succumbed 

to the other factors mentioned previously is unknown.  Unfortunately the answer to this 

question will never be known, as the controls put in place to verify the validity of the 

experiment were also compromised by the previously mentioned factors and also did not 

develop fruit.  However, it should be noted that some unmanipulated flowers on the 

experimental plants did produce fruit.  Therefore, it is impossible to know if the lack of 

any successful pollination in these cases was simply due to the limitations of technique, 

time and the series of tragic events mentioned above, or if it is a result that reflects the 

true inability of any of the examined species to hybridise with each other. 
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Chapter 5 – Conclusions 
 

5.1 Historical Issues 
 

Use of single character taxonomy 
 

 In the historical narrative related above (Chapter 1), very early on we can see the 

limitations of pre-molecular taxonomy.  Through a combination of early investigators 

either heavily weighting non-significant characters, or, at the other end of the spectrum, 

not paying sufficient attention to certain details, made all the more difficult by having 

only the most basic technology at their disposal, we are left with a jumble of names that 

do not reflect true phylogeny.  Furthermore, the endless back and forth regarding the 

names of the species, and the application of those names at different taxonomic ranks by 

different authors has led to a situation where even the most seasoned botanists could be 

confused as to which taxon a given specimen belongs to.  The limitations and confusion 

imposed by naming these plants began to crop up as early as authors attempted to come 

to grips with them, and even Linnaeus’ initial subdivision of Lobelia started things off in 

the wrong direction by choosing a character (leaf shape) that we now know to be highly 

variable within some species.  Brown improved on this slightly in that he chose 

characters (floral features) which were more likely to be conserved among evolutionarily 

related groups, but which unfortunately turned out to also be highly variable.  The fact 

that the characters used by Brown to delimit each group are not consistent and the fact 

that most of the groups delimited contain only one species is less than ideal, but it was an 

extraordinary effort for an original subdivision given the resources available to authors at 

the time.  Unfortunately, some of Brown’s key characters were not appropriately 

informative but were nonetheless repeated by subsequent investigators. 

 Brown’s concepts of related sub-groups within Lobelia clearly had an influence 

on Lindley as evidenced by his choice to elevate Brown’s last section of Lobelia, 

Isotoma, to rank of genus.  Presumably the difference he placed so much weight on was 

the entire (un-split) corolla tube, as he noted in his description that the tube is only ‘a 
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little divided at the upper end only’ and this is the only major morphological difference 

between this entity and the other known Lobelia species of the time.  Strangely though, 

Lindley clearly describes his plant in cultivation as having solitary-axillary flowers, but 

Brown’s section Isotoma not only refers to an entire corolla tube, but also to flowers 

being borne on racemes.  Why he felt this plant fitted exactly with Brown’s section 

Isotoma when it was lacking one of only two distinctive characters (the division of the 

corolla tube was the character of chief importance) is unclear, however he did title the 

article ‘Axil-flowering Isotoma’, as if to suggest that all other Isotoma species were not 

axil-flowering. 

 George Don was the first investigator to face the task of organizing more than two 

genera into this plant family, and his classification is a good start, but there are clearly 

some issues in terms of the level of detail contained within the morphological 

descriptions.  13 of the 18 genera contain 5 or fewer species, and of these, five or six 

don’t really seem to contain an adequate description of how they are significantly 

different from some of the other genera, creating the possibility that some of these genera 

should be considered synonymous.  Thankfully, subsequent authors were necessarily 

much more specific about the differences between the genera they included in that they 

first divided the Family into Tribes, which each contained multiple genera that shared 

certain morphological features.  The first investigators to attempt to classify the species in 

this more informative way were the brothers Presl, whose classification scheme was 

based on fruit dehiscence and locule number, and this was reproduced by Endlicher.  

Unfortunately, recent DNA evidence has shown that both these characters vary within 

phylogenetic groupings in this family (Antonelli 2008, Knox et al. 2008), indicating that 

they have independently evolved and reverted several times in separate lineages, and that 

such characters are therefore not ideally informative for determining hierarchical 

relationships reflecting shared common ancestry.  So while Endlicher made a valiant 

effort to classify Lobelia (and indeed all plants) in a logical hierarchical manner, some of 

the groups he described as very different and placed in different tribes, we now know to 

contain species that are actually very closely related. 

 De Candolle also used dehiscence and locule number as the characters which 

informed his primary division of the family, but as he was working with a larger number 
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of genera than Endlicher and seeking to detail every known species, there were some 

early indications that these primary divisions were not justified and were in fact creating 

more confusion.  For example, Isolobus is included in the tribe Lobelieae by De Candolle 

and not the tribe Delisseaceae (as its species had been when included in Pratia by 

Endlicher), meaning that species which were previously considered to be very closely 

related were now placed in completely different tribes, implying that they have not shared 

a common ancestor very recently.  Presumably the change in circumscription from Pratia 

in tribe Delisseaceae to Isolobus in tribe Lobelieae would have to be based on 

information about whether the fruits of the species are dehiscent or not, as this is the 

feature that distinguished species in one tribe from another.  Unfortunately neither the 

genus description for Isolobus nor the descriptions for most of the species contain any 

information about the nature of the fruit, so it is difficult to conjecture about the 

reasoning behind this transfer.  At the end of the description of one of the species it 

simply says ‘Capsule bi-valved’ and this would seem to imply that the other species do 

not necessarily have bi-valved capsules, but no further information about fruit type is 

given.  However, the last species listed by De Candolle as occurring in Isolobus has a 

note at the end of the description that seems to say that the fruit so far observed for that 

species appeared quite fleshy, and that if it was found to be indehiscent then it should be 

treated as belonging to a different genus.  This would seem to imply that the fruits of the 

other species listed as belonging to Isolobus are also dehiscent, because otherwise, 

following the aforementioned logic, they would be treated as belonging to a different 

genus, but given the lack of descriptive notes it is impossible to make a definite 

conclusion about this.  This clearly illustrates the difficulty posed by delimiting tribes on 

the basis of single character taxonomy, as it is by definition not possible to classify a 

species within a tribe if the state of the character used to delimit the tribe is not known for 

that species.  Unfortunately, detailed observation over many years is required to build a 

picture of the true character states for any one plant and this was obviously not achievable 

for those who sought to catalogue every known living plant species.  They had to rely on 

the observations of other investigators and they had to trust that the original observer’s 

technique was robust, but sometimes this was not the case. 
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 Bentham and Hooker (1876) sought to rectify the contradictions embodied in the 

earlier classification schemes by changing which characters were the bases for the 

primary division of the group, choosing characters that were more along the lines of those 

chosen by Brown.  In his publication the Flora Antarctica, Hooker had elaborated in 

some detail what was known about the relatively new genus Pratia at the time, and made 

several comments about taxonomic rearrangements within the genus that had already 

taken place within the first fifteen years of its existence.  Many of these changes relied on 

characters of the degree of splitting between the corolla lobes and the nature of the fruit, 

and indeed Hooker lamented, 'Unless in specimens furnished with tolerably ripe fruit, it is 

difficult to recognise the genus Pratia, the character of the corolla being common to other 

true Lobeliaceae, as is also that of the calyx' (Hooker 1844).  This comment made Hooker 

perhaps the first author to recognise the pitfalls of single character taxonomy within this 

plant family, only eighty years after plant families were first described, and thirty three 

years after the Lobeliaceae was formally established.  Bentham had also recognised the 

perils of single character taxonomy within the Lobeliaceae when he noted that Isotoma 

was a small genus ‘perhaps too artificially distinguished from Lobelia’ (Bentham 1868).  

Unfortunately, to rectify the breakdown in hierarchical classification based on fruit type, 

Bentham and Hooker chose to delimit major groups based on the amount of splitting at 

the rear of the corolla tube, a character we now know to be extremely variable within not 

only phylogenetic groups, but even some individual species.  So while the authors sought 

to remedy a shortfall in classification arising from single character taxonomy, they 

merely compounded the problem by substituting one variable, evolutionarily unreliable 

character for another, only serving to further the confusion.  Additionally, some of the 

Hawaiian species in their first group (*, Table 1.1) also have their corolla tube split to 

varying degrees, rendering the use of this character for identification purposes utterly 

confusing.  At least with regard to Lobelia, it seems that Bentham and Hooker recognised 

the shortfalls in using single character taxonomy, especially in combination with the 

characters mentioned above, and in a brief note at the beginning of their classification 

they remarked that Lobelia was a ‘vastly polymorphic genus that was divided with great 

difficulty’.  They said that they had settled on the characters that they used because it 

worked, but they still felt it was probably an artificial classification and noted that 
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classification schemes based on the proportions of the corollas and those based on the 

growth habits of the species rarely agreed.  This was one of the earliest indications of the 

potential for convergent evolution and/or multiple reversions among some of the key 

characters historically used to describe taxonomic sub-groups within this assemblage, and 

Bentham and Hooker agreed that there was a need for much more detailed examination of 

this group. 

 Wimmer faced the same challenges when he was working on his classification.  

For the division of subtribe Siphocampylinae into ramii (singular ramus) both corolla 

splitting and anther ornamentation are listed by Wimmer as diagnostic features, but a 

close examination of the descriptions of the species reveals that these characters appear to 

be quite variable even within some groups that are chiefly delimited on the basis of them, 

further calling into question the overall value and utility of these characters with regard to 

classification.  It is clear from the historical narrative above, that throughout history 

different systematists had slightly different ideas of what was important and what was not 

with regard to delimiting genera, but still agreed on some overall trends and patterns.  

Even individual investigators seemed conflicted about their own concepts, and Wimmer 

seemed to change his mind a bit while his work was in progress, as evidenced by slight 

differences in the organization of the subfamily Lobelioideae between the two relevant 

volumes of the Pflanzenreich, which were published ten years apart.  The erection of 

genera has always been a contentious issue, and there has never been a formal rule 

established as to what sort of characters justify the separation of one set of species from 

another at genus level.  Indeed, this could never really be accomplished, as all plant 

lineages behave and evolve differently, and which characters are most informative for 

any given group must necessarily be investigated on a case by case basis.  In order to 

make an informed decision about this for any one group of plants, it is therefore highly 

desirable to have an in depth understanding of the life histories and the details about 

idiosyncrasies of the plants in question.  Unfortunately, in the highly charged atmosphere 

of nineteenth century discovery and exploration, more emphasis was placed on 

cataloguing all plants with names than on understanding these types of details just 

mentioned, especially for less conspicuous plants.  On top of this, the investigations of 

the time were carried out by far flung collectors from different countries, speaking 
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different languages and possessing different political allegiances.  These individual 

idiosyncrasies would have most certainly lead different investigators to put differing 

weight on different characters in terms of their importance, and such a situation still 

continues to this day.  These difficulties were supposed to be kept in check by all 

information flowing through Kew in the form of duplicate herbarium specimens, but 

preserved specimens can sometimes lose some of the detail necessary to come to fine 

grain taxonomic conclusions.  It’s easy to understand why ‘fresh is best’, and even today 

our own highly experienced investigators have made erroneous conclusions about species 

they had never seen in the field.  All of this serves to illustrate the pitfalls of single 

character taxonomy.  It should be noted however that Wimmer’s exercise was useful in 

that it served as a framework from which to begin for all future taxonomic studies.  It 

should also be noted that it appears as though Wimmer potentially recognised that his 

classification was not a true 'natural phylogeny', but that he stuck with his general 

framework to strike a balance between a classification that reflected true phylogeny and 

one that people in the field could actually practically use, and in the foreword to his 

second volume (Heft 107) of Das Pflanzenreich he stated, 

 

 ‘Bezugs der Einteilung der Lobelioideen bemerke ich, daß es in vielen Fällen ein 

fast aussichtsloses Beginnen ist, klar abgegrenzte Gruppen herauszufinden.  Wenn ich es 

dennoch versuchte, so weiß ich selbst am besten, daß diese Gruppen manche 

Unsicherheit in sich bergen, aber der Uebersichtlichkeit wegen mußte es doch geschehen.  

Ich habe zur Gewinnung der Tribus und Subtribus die Frucht gewählt, wie es vorher 

schon die meisten anderen Botaniker getan haben; sie ist dazu noch das geeignetste 

Mittel.  Lieber hätte ich ein anderes wichtiges Organ der Pflanze genommen, weil die 

reife Fruch an den vorgefundenen Pflanzen oft noch fehlt, wie dies besonders bei 

Herbarpflanzen zutrifft, aber es ließ sich nichts finden, was für diesen Zweck besser 

gewesen ware, ohne nah verwandte Glieder zu zerreißen…  Bei der Aufstellung oder 

Beibehaltung der Genera und Species habe ich durchwegs den Mittelweg eingeschlagen, 

den Begriff Genus und Species nicht zu eng, aber auch nicht zuweit gefaßt, um sowol 

dem ordnenden Geist wie der Natur, soweit es möglich ist und es das oft genug spärliche 

oder mangelhafte Herbarmaterial gestattet, gerecht zu werden.’ 
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 ‘Considering the separation of the Lobelioids it was difficult to make a decision 

how to separate them and put them into distinct groups.  It was fraught with uncertainty 

but in the interest of having a classification system we persevered.  To delimit the Tribes 

and Subtribes I’ve chosen the fruit like most of the botanists have done before, as this is 

the most useful tool to easily separate the family into larger groups.  I would have liked to 

have chosen another organ of the plant because ripe fruits are often missing in the wild 

and on herbarium specimens, but there was nothing that was more useful for the aim of 

delimiting Tribes without destroying the plant or herbarium material completely….  

When making the key I tried to take the middle path between vagueness and precision in 

terms of delimiting genera and species, but substandard herbarium material was a major 

factor’ (rough German translation by A. Korsten). 

 

 The limitations imposed on research by these ‘non-natural’ classifications 

frustrated Rogers McVaugh, an emerging American botanist who was investigating 

Laurentia in North America.  He remarked that he felt the character of a split or entire 

corolla tube, which had been used to separate Laurentia and Lobelia, was not of generic 

value, as numerous species of Lobelia had since been recognised which had entire or only 

partially split corollas.  He also noted that the character of adnation of the filaments to the 

inside of the corolla tube was more variable within species than previously thought, that it 

appeared to correlate with the degree of splitting of the corolla tube and that no clear line 

could be drawn between those species that had free stamens and those that had adnate 

stamens (McVaugh 1940).  Both of these assertions would later be substantiated by Lucy 

Moore (Moore and Irwin 1978), and because of the seemingly arbitrary separations of 

groups and the haphazard nature of many morphological features across species within 

genera, McVaugh pointed out that many existing genera of Lobelioideae could logically 

be merged into one large genus, but he suggested against this on the basis of preventing 

the unnecessary confusion that he felt would follow from the numerous resulting 

synonyms and name changes.  The genera he pointed out as having the potential for 

merging were Burmeistera, Centropogon and Siphocampylus, and this would indicate 

that he also felt that the character of fruit type was not of generic value.  On the basis of 
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Wimmer’s classification, a merger of these genera would also appear to encompass 

Pratia and Hypsela, and McVaugh further remarked that applying similar logic would 

bring one to the conclusion that Lobelia and Laurentia (including Isotoma) could be 

merged into the same genus as well (which he did). 

 As mentioned above, the nature of the fruits of Lobelia species was clearly a 

sticking point when it came to attempting to produce a ‘natural classification’, and the 

importance of understanding the nature of this character for any given species was further 

illustrated by the claims of the Flora Malesiana about the fruits of Pratia (syn. Lobelia) 

angulata (Moeliono and Tuyun 1966).  One species of plant having two different types of 

fruit is not a phenomenon that this author has ever encountered before, and this statement 

raises some serious questions about the accuracy of Moeliono and Tuyn’s observations.  

Having seen the Flora Malesiana, this statement appears to be totally erroneous, and the 

outcome of poorly conducted or incomplete investigations.  The picture of Pratia (syn. 

Lobelia) angulata that is presented as a figure in the Flora Malesiana is morphologically 

different to any Pratia (syn. Lobelia) angulata observed in New Zealand, and according 

to the description contained within the text, Moeliono and Tuyn include NZ's Lobelia 

linnaeoides as a synonym for P. (syn. Lobelia) angulata and presumably considers what 

we know as these two species to be part of the range of variation of one species.  This is 

quite clearly incorrect, but unfortunately the authors do not elaborate on how their 

concept of P. (syn. Lobelia) angulata came to include so many species previously 

recognised as distinct.  Moeliono and Tuyn are obviously lumpers as opposed to splitters 

in the strongest sense of the term, but beyond what would appear to be a personal 

preference there is no real justification for the synonymisation of all these species other 

than a mention of having supposedly observed one herbarium collection possessing both 

fleshy berries and dry capsules.  From what I can gather, this one observation, along with 

an inability to make what they felt was a distinct demarcation between the taxa based on 

other characters, led Moeliono and Tuyn to treat most prostrate creeping Lobelioid 

material from Southeast Asia and the Pacific as one species, probably because the fruit 

type was really the only easy way to tell any of them apart without delving into finicky 

microscopic characters, and they must not have felt that they had the time to do justice to 

separating them properly.  Moeliono and Tuyn made a comment to this effect saying that, 
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'It may be possible that more numerous, detailed field data will enable segregating 

infraspecific taxa', and elsewhere that, 'it would be of profound interest if additional field 

observations could be made to verify our conclusions' (Moeliono and Tuyn 1966).  As of 

this date no other author has mentioned this peculiarity, and it can only be assumed that 

this conclusion was not in fact ever verified.  While there is anecdotal evidence that some 

Lobelioid capsules may not fully dehisce under certain conditions, there has never been 

any further report that this author is aware of where one plant has had two fruits with 

drastically different structure.  In the instances where capsules do not fully dehisce the 

fruit structure of the indehiscent capsules is still the same as normal capsules, they just 

fail to open, and this calls into question the accuracy of Moeliono and Tuyn's claim about 

a herbarium specimen with both berries and capsules, even though they went so far as to 

include an illustration of fruits of the putative specimen.  Unfortunately, the collection 

mentioned by them was one from Sulawesi collected by PJ Eyma, held at the Bogor 

Herbarium, and all of Eyma's Sulawesi collections held at Bogor were destroyed during 

the hostilities surrounding the end of World War 2 and subsequent Indonesian 

independence, so this author has been unable to verify their original claims.  However, 

having not seen any mention of these peculiarities for nearly 50 years would lead one to 

believe that maybe they were simply erroneous observations at the time. 

 So we can see that the confusion that McVaugh thought would result from large 

scale name changes was eventually overwhelmed by the confusion caused by not having 

a reliable phylogenetic classification.  While the data of Moeliono and Tuyn now seems 

erroneous, they were only the next in a long line of investigators who felt that fruit type 

was not of generic value, and the same conclusion has subsequently been reached through 

various means by other investigators on the basis of better evidence (Murata 1995, Knox 

et al. 2005).  While in the case of Flora Malesiana it seems to have been based on a 

questionable investigation, the merging of Pratia and Lobelia, and therefore the 

discarding of De Candolle's and Wimmer's concepts of tribes within the family does in 

fact allow for a truer reflection of phylogeny in the classification and seems to be the 

correct choice.  But again, it should be noted that Wimmer potentially recognised the 

shortfalls in his classification scheme.  Unfortunately, over the past 50 years there has 

been some overlap between these two confusions that McVaugh alluded to, with large 
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scale changes having been suggested and even validly published but consequently not 

adopted by relevant investigators in various localities precisely because of the confusion 

that would be caused by changing the long established names of the species in those 

countries, not to mention the fact that all of this merging of genera did not really help to 

point the way toward how to effect a more natural classification. 

 

 

The nature of Lobelioid fruits and their use as a phylogenetically informative character 
 

 The nature of the fruits of these species, and hence their ovarian structure lies at 

the heart of previous classification attempts.  The potential for confusion here is 

illustrated by the example given by McComb (1968) of how Hypsela was chiefly 

delimited on fruit characters, but at least three separate historical authors had understood 

a different concept of what the fruit of this genus actually was.  We can now see, based 

on current DNA data that it appears as though berries and other types of closed 

indehiscent fruits have evolved from the pleisiomorphic condition of capsules multiple 

times in different lineages (Antonelli 2008).  However, fruit type still seems to be an 

informative character at least with regard to the terminal monophyletic groups of New 

Zealand species, as the species in each group share a common fruit type.  So even though 

we now know that fruit type is not an informative character for higher order taxonomic 

divisions, the confusion about the nature of the fruits of several of the New Zealand 

species has caused botanists to under-appreciate the close relationships of some of them.  

Within the New Zealand species there are three main fruit types; dehiscent capsules, 

fleshy berries and dry but indehiscent fruits, and there are several reasons why 

investigators could maybe come to an erroneous conclusion when deciding which of 

these fruit type was possessed by a given species.  We have already discussed the 

possibility that the capsules of certain species may not fully dehisce under certain 

conditions, such as self burial (McComb 1968), and in such a case if the fruit was still a 

bit fleshy it is easy to see how it would be thought to be a berry or if dry how it would be 

considered indehiscent.  In the same vein, it’s easy to imagine how an indehiscent fruit 

could coincidentally develop a crack or a chip and appear to be dehiscent, especially in a 
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dry fruit, or how a normally apically dehiscent fruit might burst or disintegrate prior to 

dehiscence and appear non-apically dehiscent.  Furthermore, fruits that are usually fleshy 

may in some cases appear to be dried out under certain environmental conditions, or more 

often still if the peduncle of the fruit is damaged such that water and nutrients are unable 

to flow to the developing fruit (personal observation).  As has been mentioned by many 

previous authors, the only real way to make many of these determinations is in the 

presence of ripe fruit, which most of the time is not available.  In cases where no ripe 

fruit is present the only way to conjecture about these features is by taking a look at the 

ovarian structure of a flower that has not yet fruited, as in some species it is possible to 

see the beginning of valve like structures (indicating future dehiscence) when dissecting 

the top of the ovary.  A hypothesis based on this type of observation is useful if you have 

no other alternative, but it is still no substitute for direct observation of ripe fruits, and an 

over reliance on the structure of the immature ovary can be misleading because some 

species, such as Pratia darlingensis (McComb 1968), appear to be dioecious, and male 

and female flowers from this species may exhibit differing ovarian forms. 

 

 

Sexual Syndromes 
 

 Bentham and Hooker were the first to recognise that the phenomenon of dioecy or 

partial dioecy was more widespread among Lobelioids than initially accounted for, and 

they mentioned that the flowers of several of the species that they included in Pratia 

would abort one set of organs to become functionally dioecious, with male flowers 

having small sterile ovaries and female flowers having empty or vestigial anthers.  They 

also mentioned that the flowers are often very small, which is a possible reason why 

previous investigators would have missed the sexual phenomena.  Holostigma had been 

originally recognised by Don as distinct on the basis of a single species of Lobelia from 

Australia, discovered by Robert Brown, which was dioecious, but Bentham and Hooker 

felt that their observation that several Australian species were also apparently dioecious 

or half-dioecious (androdioecious or gynodioecious) negated the idea of a separate genus 

for dioecious species.  Strangely, Wimmer seemed to either discount this idea, or felt that 
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those species that had been identified as having the capacity for dioecy were so closely 

related that he instated grex Dioicae as one of his subdivisions of Lobelia subgenus 

Lobelia section Lobelia subsection Leiospermae (see Table 1.1).  We now know that 

androdioecy and gynodioecy have been reported from some Lobelioid species including 

ones from New Zealand which are closely related to Australian species (Webb et al. 

1999).  Additionally, we now know that Pratia and Lobelia are not as distantly 

genetically related as once thought, which begs the question of the appropriateness of 

division of groups on the basis of sexual status were the two genera to be merged into one 

taxon.  Indeed, other investigators have since recognised that the phenomenon of dioecy 

or partial dioecy is not restricted to a monophyletic group of species, vindicating 

Bentham and Hooker’s original assertion.  Allan (1961) appeared to allude to the 

possibility of dioecy or partial dioecy in Pratia (syn. Lobelia) perpusilla when he made 

comments about this species being a ‘shy fruiter’.  This would appear to refer to some 

individuals of the species being possibly androdioecious (e.g. having vestigial or non-

functional female organs and thus producing no fruits), an observation which has never 

since been published, but which accords with observations of this author and information 

from a previous pollination study involving P. (syn. Lobelia) perpusilla (Murray et al. 

2004).  When commenting on the rarity of the fruit in this species Allan remarked that 

despite cultivating several plants for over 5 years and seeing many flowers he had only 

ever seen 1 fruit.  Interestingly, some plants of Pratia (syn. Lobelia) angulata, one of the 

most closely related species, is now concretely known to sometimes be gynodioecious 

(Webb et al. 1999).  Based on this author’s investigations it would appear that this 

phenomenon has the potential to occur in both Lobelia fatiscens (formerly Isotoma 

fluviatilis) and Lobelia ionantha (syn. Hypsela rivalis) as well, but it is recommended 

that a comprehensive survey examining all native New Zealand Lobelioids for this 

phenomenon be carried out.  It is also possible that fruit is seldom seen on Lobelia 

perpusilla and other species as a result of the type of self burial mentioned by McComb 

(1968), known from closely related species.  It is recommended that an investigation into 

the presence of this phenomenon in all New Zealand species is also carried out. 
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Lobelia ionantha (syn. Hypsela rivalis) and Lobelia fatiscens (formerly Isotoma 
fluviatilis) 
 

 All of the difficulties surrounding identification of the fruits of these species have 

led to some confusing conundrums with regard to the New Zealand species, especially 

the situation surrounding the identity of Lobelia fatiscens (formerly Isotoma fluviatilis) 

and Lobelia ionantha (syn. Hypsela rivalis).  The genesis of this confusion can be traced 

back to Cheesman’s (1906) very first description of Isotoma fluviatilis in New Zealand.  

Remember in his description he says that the leaves are rather thin and membranous, that 

it often forms matted patches and that it has very small flowers that turn into even smaller 

oblong capsules.  Again there are very few collections listed, many carrying the apparent 

notation that Cheeseman had not actually seen the specimens, but based on the 

collections listed, it seems as though his description actually encompassed two 

undescribed South Island species.  The only two locations from which Cheeseman 

collected this species himself were Broken River basin and Lake Tekapo, which would 

most likely have been Lobelia ionantha (syn. Hypsela rivalis).  The other collections 

were from Buller valley, Westport and Mokihinui River all of which would likely have 

been what others also later called Isotoma fluviatilis (Lobelia fatiscens), and another 

listed from Macraes, which would have almost surely been Lobelia ionantha (syn. H. 

rivalis), but it seems Cheeseman never actually saw any of these.  The membranous 

leaves, formation of matted patches and extremely small dry fruits are shared by both 

Lobelia fatiscens and Lobelia ionantha, and it seems as though Cheeseman pieced 

together his description from what he was familiar with and reliable accounts from 

trusted botanists of a fairly common plant on the West Coast of the South Island.  Indeed 

he mentions in a note at the end of the entry that ‘in the absence of fruit it has been for 

many years been confused with small forms of Pratia (syn. Lobelia) angulata, both in my 

own herbarium and in Kirk’s and Petrie’s, although the entire corolla tube and 

epicorolline stamens ought to have been sufficient to indicate its proper position’, 

indicating that it was a well known distinct entity to the main investigators of the day, but 

was slightly confusing as to its relationship to the other native Lobelia species.  The 

flower size that is listed is quite small and seems to be more characteristic of Lobelia 

fatiscens (even though one would presume Cheeseman should have seen Lobelia 
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ionantha flowers based on his own collections), and how this could have been confused 

with L. angulata is questionable.  Other unresolved questions are if the flower of Lobelia 

ionantha was ever seen during the investigations of these plants and why the fruit was 

thought to be capsular.  If flowers of Lobelia ionantha were seen along with flowers of 

Lobelia fatiscens it seems that they would be quite recognizably distinct from one 

another, so it seems unlikely that this ever occurred.  However it would also intuitively 

seem unlikely that either taxon would be confused with L. angulata, indicating that this 

may have been a situation where the morphological plasticity of leaves caused confusion.  

In relation to the capsular fruit, the species in question actually possess indehiscent dry 

fruits, but it is possible that Cheeseman had merely seen partially disintegrated fruits of 

the species such that they appeared to be dehiscent.  Later, Wimmer (1943) seemed to 

pick up on the idea that there were two distinct New Zealand wetland Lobelioid taxa that 

fit Cheeseman’s description of I. fluviatilis, but because he had never actually seen any of 

Cheeseman’s specimens, he felt that the difference between them was the nature of the 

fruit, when in fact there are two distinct taxa that appear superficially similar, but the 

difference between them is in the floral features and they actually share a very similar 

fruit.  Wimmer’s description of Hypsela rivalis is very similar to Cheeseman’s 

description of Isotoma fluviatilis, and the single herbarium specimen that Wimmer used 

for his description was collected by Kirk in the locality of Broken River, the same place 

that Kirk had supposedly collected specimens of I. fluviatilis that Cheeseman had listed 

along with his description of that species (but had not seen).  Indeed Wimmer comments 

at the end of his entry for H. rivalis that it is a ‘species very similar in habit to I. 

fluviatilis’ and can really only be distinguished in the presence of fruit, as the fruit of H. 

rivalis was supposed to be baccate and on a longer peduncle.  Because of this emphasis 

on the nature of the fruit, it seems that when Lucy Moore realized that all the New 

Zealand taxa in question had the same small, dry, indehiscent fruits, she assumed that 

they therefore must be the same species.  Initially, she noted in the Flora that the nature 

of the fruits is really the only difference between Hypsela rivalis and Isotoma fluviatilis, 

but judging by her further comments, she doubted that I. fluviatilis even existed in New 

Zealand, stating that all plants previously attributed to this species showed the 'distinctive 

characters of H rivalis'.  Later she removed Isotoma fluviatilis from the New Zealand 
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species list in her Oxford Book (1978), and she appears to have redetermined all previous 

New Zealand herbarium specimens held under the name Isotoma as Hypsela.  Not until 

Peter Johnson (1989) was able to devote the necessary time to fully appreciate the details 

of these two distinct taxa was it recognised that they are in fact different, and the 

difference is in the floral features.  Unfortunately, as we have already mentioned, Johnson 

attributed the West Coast species (Lobelia fatiscens) back to Isotoma fluviatilis, again 

because of the difficulty surrounding identification of the true character state of mature 

fruits. 

 

 

Lobelia macrodon and Lobelia roughii 
 

 The erroneous attribution of fruit characters also served to obscure the close 

relationship between Lobelia (syn. Pratia) macrodon and Lobelia roughii, and prevented 

historical investigators from fully appreciating the many similarities shared by these 

species.  Again the genesis of this confusion can be traced back to Cheeseman (1906), 

when he first made the erroneous report that the fruit of Pratia macrodon is a berry when 

it is in fact a capsule (see Chapter 3).  The number of collections he lists for this species 

is not large, and many of the locations listed pertaining to previous collectors have a 

notation which appears to indicate that the specimens were not actually viewed by 

Cheeseman himself.  Of the ones that Cheeseman collected himself or actually viewed, 

the number with fruit present must have been very few.  If one of those was a mistakenly 

identified Lobelia (syn. Pratia) angulata, or possibly more likely if the specimen was 

indeed L. macrodon but the fruit was still immature, this would explain the erroneous 

report of a globose berry.  Additionally, Cheeseman would have already assumed that this 

taxon was a Pratia on the basis of Hooker’s (1853) description, so he would have been 

expecting a berry, and if he saw an immature undehisced capsule he probably would have 

assumed that it was indehiscent, especially if it was slightly fleshy.  A similar situation 

must have also occurred for Allan (1961) when he was preparing his description of this 

species for the Flora and decided the fruit was a purple berry, although the mistaken 

observation of misidentified Lobelia (syn. Pratia) angulata specimens is probably most 
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likely in this case as that would account for the supposed berry being purple.  And again, 

Allan would have probably been influenced by the previous reports of Cheeseman and 

Hooker and would have been looking for a berry.  Furthermore, given the similarities of 

this species to Lobelia roughii, it’s not hard to imagine that an investigator of the time 

collecting in the South Island mountains would automatically use fruit characters to try 

and tell them apart.  This could lead to a situation where any entity found with capsules 

would be automatically treated as Lobelia roughii and any entity found with berries (or 

fruits not yet dehisced) would be treated as Pratia (syn. Lobelia) macrodon.  The 

altitudinal range of Lobelia (syn. Pratia) angulata overlaps slightly with Lobelia 

macrodon, and now that we know that the fruit of Lobelia macrodon is actually a capsule, 

it leads one to wonder if there could have been situations in the past where these two 

species were observed in the same habitat, and because of the type of automatic 

recognition mentioned above, that specimens of Pratia (syn. Lobelia) angulata were 

being identified as Pratia (syn. Lobelia) macrodon and specimens of Pratia (syn. 

Lobelia) macrodon were being identified as Lobelia roughii.  This type of scenario 

repeated several times in history by key trusted authors could easily lead to the wide 

acceptance of the idea that the fruit of Pratia (syn. Lobelia) macrodon is a berry.  With 

regard to the purple colour, this is further complicated by the tendency of some tissues of 

many of the native New Zealand Lobelioids to turn purple under different conditions.  

This author has observed parts of leaves, stems, and fruits of several of the species turn 

from green to purple, in what would appear to be situations of exposure to strong light, 

and it is possible that Allan was in fact looking a specimen of Pratia (syn. Lobelia) 

macrodon that merely had an immature undehisced fruit that had turned a bit purple in 

the strong sun when he reported a purple berry.  At any rate, the long historical 

convention of treating these species as very distantly related is not only disproved by 

more up to date morphological information, but also by newly available DNA evidence 

(E B Knox, unpublished data).  Furthermore, the clade produced in the DNA phylogeny 

which includes both of these species is partially unresolved (see Figure 1.2), suggesting 

that the relationship between these two entities is in need of closer examination.  Any 

suggestions at this stage would be merely conjecture, as this author has never actually 

seen Lobelia roughii in the wild or in cultivation, but during the course of this study it 
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became clear that there are many similarities between these species that were never 

sufficiently discussed by any previous authors, leading this author to the conclusion that 

the similarities may have been completely overlooked simply because they had been 

placed in such disparate genera from the very beginning. 

 In Cheeseman’s 1914 Illustrations, the plate depicting Pratia macrodon and 

Lobelia roughii is rather curious in that it depicts both plants side by side, but treats them 

as evolutionarily distant species and makes no mention of their overall superficial 

similarities, even though we now know them to be sister species.  It talks about the 

collection history of each one and gives rather superficial descriptions, and although it 

mentions each one as being very distinct, the characters it emphasizes are different for 

each species.  It is a real wonder how Cheeseman could not have noticed the similarities 

between the two, presumably having examined them both closely in the course of 

preparing his illustrations, as many characters are common between the two, including 

the ‘three-lipped’ corolla (see section 5.2 below).  Furthermore, in his second edition of 

the Manual  (Cheeseman 1925) he lists a locality for both P. macrodon and L. roughii 

collected by the same collector, but presumably no questions as to their similarities had 

yet arisen.  That being said, it is a difficult task to closely examine these hard to find 

Lobelia species, let alone along with hundreds of other plants in the course of the 

preparation of a Flora, so Cheeseman can be forgiven for missing the similarities (just 

like this author has never actually seen Lobelia roughii).  Wimmer maintained the names 

Lobelia roughii and Pratia macrodon, but within his classification he placed Lobelia 

roughii in its very own monospecific group suggesting he though it had certain features 

that made it distinct.  It seems quite strange that this lone New Zealand species should be 

grouped away from its geographical relatives and together with a set of South African 

species, and this again raises the issue of single character taxonomy used to delimit 

groups.  Lobelia roughii is clearly placed in this group on account of the upper 2 corolla 

lobes being free from the rest and its lack of any bristles on the anthers.  Based on current 

DNA evidence we now know that Lobelia roughii is indeed most closely related to the 

other New Zealand species Lobelia (syn. Pratia) macrodon, Lobelia glaberrima and 

Lobelia linnaeoides, and that Wimmer’s classification of this species is incorrect.  We 

also know based on data gathered during the course of this investigation that at least 
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several other Lobelioid species have their upper 2 corolla lobes free from the others, but 

often times they are so closely appressed to the surrounding lobes so as to appear fused.  

However, when gently teased with a probe the upper lobes can be separated from the 

surrounding lobes without any apparent tearing of the corolla tissue, indicating that the 

lobes as individual organs do not share any tight cell junctions.  And indeed those species 

are Lobelia macrodon, Lobelia glaberrima and Lobelia linnaeoides.  Based on the fact 

that two of the three characters historically used to distinguish Lobelia roughii from 

Pratia macrodon (upper corolla lobes free and fruit a capsule) are now known to be 

erroneous, the accuracy of the original separation of these two entities into separate 

species is potentially called into question.  Furthermore, the final character that 

distinguishes the two species is the presence or absence of bristles and hairs at the apex of 

the lower 2 anthers, but during the course of this study, numerous examples of Lobelia 

macrodon were observed both in the field and in cultivation that were lacking the 

characteristic bristles and hairs from the lower 2 anthers, and it appeared as though they 

had been inadvertently (or maybe on purpose?) devoured by some unknown organism 

that had been eating the pollen out of the anthers.  Whether this is also the case in Lobelia 

roughii, or if the lack of anther bristles is a genuine character should be clarified.  Two 

further characters that are supposedly different between the two entities have also been 

alluded to in the literature, the elongation of peduncles and the margin and venation of 

the leaves.  Wimmer (1943) actually referred to the margin and venation when he divided 

Lobelia roughii into two varieties, but Moore would soon suggest that this character was 

not satisfactory.  In the supplementary notes to the Flora, Moore (Allan 1961) remarked 

that in her experience most L. roughii plants show a range of venation on their leaves, 

implying that this did not seem to be sufficient evidence for recognising a new variety 

(this variable venation is also true for L. macrodon).  Moore (1978) also commented on 

this character in her Oxford Book (alluded to with her ‘shape of an Elk’s antler’ 

comment) and remarked that the venation pattern of Lobelia roughii seems to 

consistently be one of the few characters that separates this species from Pratia (syn. 

Lobelia) macrodon, with Lobelia roughii leaves supposedly having palmate ventation 

and Pratia macrodon leaves having only one main vein.  In the course of this current 

study this author has observed specimens of Lobelia macrodon with the palmate venation 
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that gives them the shape of an ‘elk’s antler’.  Also in the Oxford Book, the other main 

character given to delimit these two species is the corolla being split three times instead 

of one (down the sides as well as down the back) and it has a good illustration of L. 

roughii showing the multiple splitting that leads to 3 lipped flower.  Again as mentioned 

above, in the course of this current study, all of the flowers of Lobelia macrodon 

examined by this author have also possessed thee splits, and these doubts about the key 

characters taken together would seem to warrant further investigation as to the true 

taxonomic identity of these species.  With regard to the elongating peduncles there seems 

to be a bit of contradiction, providing further evidence that these taxa may have been 

confused by some of the key early investigators.  In the description of Lobelia roughii in 

the Flora, Allan (1961) does not specifically mention the elongating peduncles noted by 

Cheeseman, (1906) but he did mention this feature for Pratia macrodon.  However we 

now know that the peduncles of many of the New Zealand species elongate as the fruit 

ripens, and a comprehensive survey of this phenomenon among the New Zealand taxa 

should be conducted.  Unfortunately, as mentioned above, this author has never actually 

seen Lobelia roughii in the field or in cultivation, so questions about the similarity of 

these two species is at this stage merely speculation, but the ambiguity of some of the key 

historical characters is definitely a phenomenon that warrants further study. 

 

 

Anther ornamentation 
 

 As mentioned above, all the historical merging of genera, while taxonomically 

correct, did not really point the way toward characters that could aid in constructing a 

more natural classification scheme.  In terms of enunciating characters that are actually 

informative of shared ancestry within this group, only Melville (1960) was able to 

contribute when he made his point about the pollination mechanism.  And while this 

character would appear to be quite informative with regard to phylogenetic relationships 

among the subfamily, one must bear in mind that some species appear to retain vestigial 

features of this system but have evolved such that the mechanism no longer functions.  

The idea of the character of anther ornamentation as informative at higher taxonomic 
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levels within this group has never really been sufficiently explored, but Murata (1995) 

did mention that he felt it was strongly correlated with seed surface texture, a character 

that has been shown to be highly informative.  The more modern taxonomic studies 

conducted on this subfamily, like Murata’s, have had the advantage of modern 

technology and molecular techniques, but because of the large number of species and 

wide distribution it has not yet been possible to sample every species for DNA and 

morphological characters, and therefore the most recent examinations of the classification 

of this group have contained some important gaps.  Two things that stand out from 

Murata’s modification of Wimmer’s classification revolve around the utility of the 

character of anther ornamentation.  Firstly, Murata retained the monospecific section 

Paramezleria (see Table 1.1), which contains only Lobelia roughii, because he said he did 

not have sufficient information to allow him to comfortably absorb the species into a 

different section.  Now that we have been able to obtain higher resolution DNA evidence 

it is clear that this section should not be retained, and Lobelia roughii would appear to be 

more appropriately located within section Pratia of Murata’s classification.  Additionally, 

Murata said he felt that the character of two bristles on the lower two anthers was highly 

correlated with seed surface texture B, which he associated with subgenus Mezleria.  This 

would seem to suggest that species from Wimmer’s section Lobelia (Hemipogon) should 

also be included in Murata’s subgenus Mezleria, as by definition they possess 

ornamentation on the lower two anthers.  However it appears as though only some 

species that had been included in section Lobelia (Hemipogon) by Wimmer were 

transferred to subgenus Mezleria by Murata, and many were retained in Murata’s two 

new sections of subgenus Lobelia, Lobelia and Hyneana (see Table 1.1).  This would 

seem to suggest that maybe the character of anther ornamentation is variable across 

different monophyletic groups and therefore is not as informative as a character as 

suggested by Melville.  A much more detailed reappraisal of the state of this character for 

all extant species would be of great utility.  Additionally, much more comprehensive 

sampling of multiple informative DNA regions, reliable chromosome counts based on 

multiple replicates, and a thorough understanding of seed surface texture is clearly 

needed for all known species. 
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5.2 How to identify the New Zealand species 
 

 The clade of species formed by Lobelia ionantha, Lobelia carens, Lobelia 

fatiscens, and Lobelia fugax is initially distinguished by the species having small leaves 

with virtually no teeth, or only very shallow teeth and at least some filaments that are 

fused to the corolla tube for a good portion of their distance.  Among this group Lobelia 

ionantha and Lobelia carens can be further distinguished by having flowers larger than 

5mm diameter with corolla tubes that are not split down the back.  These two species are 

further distinguished from each other by the colouration and curvature of the corolla 

lobes, but as mentioned below this author does not feel that these are reliable characters 

on which to base the notion of two separate species.  Although again it should be noted 

that no specimens thought to be Lobelia carens have ever been viewed by this author.  

Lobelia fatiscens and Lobelia fugax have flowers smaller than 5mm diameter with corolla 

tubes that are either not split down the back or split for only a short distance.  These two 

species are further distinguished from each other by the colour of the stem and leaves, 

with Lobelia fugax having a deeper maroon stem and a green and maroon ‘camouflage’ 

pattern on the leaves, and also by the leaf shape, with Lobelia fugax having shorter more 

orbicular leaves. 

 The clade of species formed by Lobelia macrodon, Lobelia roughii, Lobelia 

glaberrima, and Lobelia linnaeoides is initially distinguished by the species having 

flowers that are split three times to the base, once at the back, and once on each side, 

although the side splits are often obscured by the adjacent corolla lobes being closely 

appressed and interlocking.  Lobelia linnaeoides is further distinguished by having 

mostly orbicular, purple leaves, and having pink flowers with rear corolla lobes that are 

drastically smaller than the front corolla lobes on long peduncles that are curved over at 

the top.  Lobelia glaberrima is supposedly distinguished by having smaller flowers and 

glabrous anthers relative to Lobelia macrodon according to the official description.  In 

this author’s experience, specimens from the Old Man Range often have involute leaves 

with fewer teeth on the margin.  Lobelia roughii is supposedly distinguished by having 

very leathery foliage of a darker colour and leathery capsules on elongating peduncles 

according to the official description.  This author did not have the opportunity to view 
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any live material of Lobelia roughii during the course of this study, but the potential 

issues between the identities of these three species arising as a result of the data gathered 

have been discussed extensively above.  This clade is clearly in need of further in-depth 

study. 

 The clade of species formed by Lobelia perpusilla, Lobelia angulata, and Lobelia 

arenaria is distinguished by having large white flowers, sometimes with purple 

markings, whose corolla tubes are split halfway or more to the base at the back.  Lobelia 

perpusilla is distinguished by having very small, often elliptic, rugose, sometimes hairy 

leaves and the corolla tube only split halfway to the base at the back.  Lobelia angulata 

and Lobelia arenaria can not really be meaningfully distinguished from one another other 

than that the leaves of Lobelia arenaria are generally much thicker and waxier. 

 

 

How to identify without flowers 
 

 Attempting to identify the species in this study in the absence of flowering 

material has caused consternation among many historical botanical investigators because 

of their overall superficial similarity and a lack of robust information about minute 

morphological details.  And while the detailed investigations carried out here have 

provided some new information and filled in some critical knowledge gaps, the overall 

superficial similarity of these species remains. An attempt is made below to produce a 

key which could be useful to investigators in the field when seeking to identify these 

species in the absence of flowers, but many characters are variable for many of the 

species, and several recently recognised species are distinct purely on the basis of floral 

characters so a robust method of identifying all species in the absence of flowers may not 

ever be possible.  Many species identities can only be reliably established when 

ecological habitat and geographic locality are also taken into account, as most of the 

superficially similar species do not share habitats or geographic ranges. 
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Leaves mostly > 5mm long 

 Leaves thick and waxy with prominent veins     1 

 Leaf not thick and waxy       2 

Leaves mostly < 5mm long 

 Leaves not toothed, merely notches in the margin 

  Leaves mostly orbicular (length = width), some leaves involute 3 

  Leaves mostly elliptic (length > width), some leaves revolute 4 

 Leaves toothed at least to some degree 

  Leaves mostly orbicular, abaxial surface purple, teeth not sharp 5 

  Leaves mostly orbicular or transversely elliptic, teeth mostly sharp 6 

  Leaves of varied shapes 

   Leaves rugose       7 

   Leaves smooth      8 

 

1 Lobelia arenaria or Lobelia macrodon, if the plant is growing above 1000m altitude it 

is Lobelia macrodon and if it is growing coastally in South Otago or on a Subantarctic 

Island it is Lobelia arenaria 

 
2 Lobelia angulata 
 
3 Lobelia ionantha, Lobelia carens, or Lobelia fugax, if the plant is growing on the North 

Island it is Lobelia carens, if it is growing on the eastern half of the South Island it is 

Lobelia ionantha and if it is growing in Kahurangi National Park it is Lobelia fugax 

 
4 Lobelia fatiscens 
 
5 Lobelia linnaeoides 
 
6 Lobelia macrodon or Lobelia glaberrima, if the plant is growing south of Mt. Cook it is 

Lobelia glaberrima and if it is growing north of Mt. Cook it is Lobelia macrodon 

 
7 Lobelia perpusilla 
 
8 Lobelia angulata 
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5.3 Questions raised by this study 
 

 Unfortunately many of these individual characters that are generally the defining 

feature of some of these species, while usually taking on the diagnostic character state, do 

have the ability to be wildly variable within a single species.  During the course of data 

collection for this study this author observed many accessions that did not conform to the 

fine morphological details described from the majority of their species.  Species whose 

filaments should normally be fused to the corolla tube had flowers with filaments that 

were hardly fused at all, and it is easy to imagine how the weak junctions between the 

cells of the corolla and the filaments could easily become more or less extensive.  

Similarly with the split at the rear and sometimes the sides of the corolla tube, individual 

flowers were observed from species that were split more or less than would be expected, 

and again it is easy to imagine how the weak junctions between the cells of the individual 

corolla lobes could separate more or less.  This seems to be further supported by the idea 

of species whose flowers appear fused at the sides, but are actually split, and some 

species whose corollas are fused at the sides, but are very easily separated for the upper 

half of the length.  Furthermore, the character of hairs on or inside the corolla has been 

traditionally explored as a phylogenetically informative character in these species, and 

some fairly consistent syndromes in that arena were recorded during this study.  But for 

each species that was observed to generally have hairs on a characteristic spot on the 

corolla, at least one flower was observed either without the hairs or with so few as to 

make them essentially unnoticeable.  Indeed the ability to have hairs on any plant part 

seems to be wildly variable in these species, with nearly each species examined having 

accessions with quite a few hairs in one or another area and accessions with those hairs 

absent.  Additionally, the character of the leaf margin which is so diagnostic for several 

of the species is considerably variable for some of the other species, and this begs the 

question as to if this character has the potential to be variable in all species as so many of 

the other characters just mentioned are.  So while to the trained eye most of these species 

are distinct from one another in some way, caution is required whenever seeking to make 

identifications of taxa from this group under any circumstances.  Key findings and 
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questions arising about each species from the observations made during the course of this 

study are briefly discussed below. 

 

 

Lobelia ionantha 
 

 This species produces very few fruits and the ovaries of several flowers of this 

species were observed to possess withered and apparently vestigial ovules.  This may 

possibly indicate cryptic dioecy or androdioecy, but more data are needed to reach a 

definite conclusion about this phenomenon.  Of the few fruits examined during the course 

of this study, one immature specimen appeared to have suture lines along the inside of the 

apex of the ovary that seemed to suggest a possible point of fracture for the eventual 

dehiscence of apical valves.  No such valves were ever observed on mature fruit, but due 

to the lack of numbers of fruits actually sampled during this study this cannot be 

completely ruled out.  Lucy Moore in the supplement to the Flora introduced for the first 

time the idea that the fruit is closed (indehiscent/baccate) but also dry (usually called a 

capsule) and should really be regarded as a 'thin-walled indehiscent capsule', indicating 

that these features were well known to at least some NZ botanists by the 1960’s (Allan 

1961), but a more detailed investigation of the anatomy of the apex of the ovary in this 

species and indeed the anatomy of the whole fruit of this species is clearly warranted.   

The corolla of this species is not split at all, setting it apart from most of the other species.  

Additionally, in some cases the stigma was observed to unfurl its lobes while still entirely 

enclosed within the anther tube, a situation which would create an opportunity for the 

stigma to be fertilized by pollen from within the same flower.  This same phenomenon is 

noted from the closely related species Lobelia fatiscens, and in that species many flowers 

fail to even open, resulting in frequent cleistogamy.  In Lobelia ionantha however, the 

flowers do still open in all the observed cases, and none of the cases were seen to result in 

the production of fruit, suggesting that at least some accessions of Lobelia ionantha are 

not self fertile.  Further characters that stand out as characteristic of this species are that 

the filaments are adnate to the corolla tube for a significant amount of their length, and 

the main stem of the plant is smooth textured and the petioles of the leaves do not form a 
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sheath around the stem.  Lucy Moore (1978) gave a very detailed description of the 

habitat of this species in the Oxford Book of New Zealand Plants describing Lobelia 

ionantha as a  

 

 ‘plant of damp turf as on stream-sides and margins of lakes and tarns, often in 

company with Pratia [syn. Lobelia] angulata and Pratia [syn. Lobelia] perpusilla.  A 

good place to see these and other pygmy plants is in peaty hollows amongst old moraines 

in the Canterbury foothills where, within a radius of a metre or two, it is possible to find 

several dozen species, all with leaves barely 5mm long.  Some are constitutionally so 

small; others are dwarfed because of the special conditions.  Some are annuals, capable of 

flowering after producing only three or four leaves; many, like Hypsela [syn. Lobelia 

ionantha], have creeping leafy stems held down by rootlets at the nodes and tightly 

woven together.  Their remains though made up of fine threads, contribute significantly 

to the fibrous content of the peat…’ 

 

 

Lobelia carens 
 

 The characters used to separate this species from L. ionantha are a supposed small 

difference in DNA sequence (Heenan et al. 2008), the presence of hairs on the stem, 

leaves, peduncle, ovary, calyx and abaxial corolla surface, the lack of purple markings on 

the corolla lobes, the corolla lobes being recurved as opposed to flat and smaller flowers.  

A difference in DNA sequence data does not necessarily a species make, and based on 

the morphological data collected in this study, the recognition of L. carens as distinct 

species from L. ionantha according to these characteristics would appear to be potentially 

unjustified.  Indeed, in the original paper describing this species, the author acknowledges 

that the DNA differences are preliminary results only achieved from a very small number 

of samples, and that further genetic sampling of these species from a wider geographic 

range is clearly needed. 

 The presence or absence of hairs on vegetative and floral parts as a primary 

justification for separation of species obviously depends on the species concept adopted 
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by the investigator. However, in this case it would appear to be rather tenuous especially 

as in the species description of L. carens it notes that shaded or submerged plants are 

often lacking the hairs, and in species descriptions of L. ionantha it notes that plants 

sometimes do have the hairs.  Indeed, the occasional presence of hairs on some of the 

relevant floral parts in L. ionantha is confirmed by the data gathered during the course of 

this study.  Separating two species using a characteristic that is variable in both species is 

not very practical, especially in a case where either species can potentially exhibit the 

character state that is the distinguishing feature of its opposite.  Fortunately, further 

characters are recognised as distinctive in the paper describing L. carens, but on further 

examination, the remaining characters which confirm the distinct identity of L. carens 

may not be as diagnostic as the original authors of the species thought.  In this study, 

varieties of L. ionantha were observed that had extremely reduced purple markings on the 

corolla lobes, including some individual flowers that lacked the purple markings 

completely (Plate 3.3.1, m).  Also, in the course of this study, flowers of L. ionantha with 

both flat and recurved corolla lobes were observed, and the values for floral size 

measurements originally described for L. carens fall nearly entirely within the range of 

values recorded here for L. ionantha (Table 5.3.1). 

 Given that the DNA difference between the two entities is small and only 

supported by limited evidence, and that the differences in morphological features 

originally put forward to distinguish the two would appear to have the potential to be not 

so different after all in some cases, the weight of this evidence would suggest that further 

study of these two potential species is necessary to unravel the question of whether they 

actually deserve to be treated as separate species, and the exact nature of the difference 

between them if they do.  Future investigators should aim to collect and cultivate at least 

four or five individual specimens of both taxa from across the full length of the North and 

South Islands, but ideally as many individuals from as wide a geographical range as 

possible.  This would enable extensive DNA sampling, and could be complemented by 

further DNA sampling in the field from an even wider geographical range (field collected 

specimens would need to be scrupulously identified).  Establishment of such a collection 

would also enable an investigation of floral morphological characters encompassing the 

broadest range of variation exhibited by each entity. 
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Table 5.3.1 – Comparison of morphological measurements between Lobelia ionantha and 
Lobelia carens 
Character Lobelia ionantha (Gray) Lobelia carens (Heenan et al. 2008) 

Leaf size 1.6-2.8 x 0.7-2.4 mm 2.5-7.2 x 1.5-6.0 mm 

Calyx lobe size 0.9-2.0 x 0.3-0.75 mm 1.2-1.5 x 0.4-0.8 mm 

Flower diameter 5.75-8.25 mm 6.0-8.0 mm 

Corolla lobe size 2.9-4.75 x 0.9-1.9 mm 2.4-5.0 x 0.8-1.5 mm 

Corolla tube length 3.4-5.2 mm 2.5-4.5 mm 

Style length 5.7-7.2 mm 4.3-5.5 mm 

Anther length 0.9-1.6 mm 0.9-1.5 mm 

Capsule size ~2.58 x ~1.26 mm 2.4-3.5 x 2.0-2.8 mm 

 

 

Lobelia fatiscens 
 

 The main unique feature of this species is its tendency to be cleistogamous.  

Observations of this type were not originally intended as a part of this investigation, but 

the phenomenon was so pronounced for this species so as not to be missed.  A short time-

lapse video was produced showing this phenomenon in action (see Video on enclosed 

CD-ROM).  Cheeseman (1906) noted that the leaves of this species ‘are rather thin and 

membranous, that it often forms matted patches, and that it has very small flowers that 

turn into even smaller oblong capsules’, and he also referred to ‘pinnatifid leaves’, which 

are characteristic of the true Australian Isotoma fluviatilis, but not the New Zealand 

Lobelia fatiscens which he was supposedly describing.  Allan’s (1961) description 

differed in that it left out any reference to ‘pinnatifid leaves’, which suggests that Allan 

was describing the New Zealand taxon only and not including Australian herbarium 

material in the description.  This species also has the smallest calyx lobes of all the 

species examined, and possesses an entire corolla tube, although it can sometimes be split 

for a variable, but usually short, distance at the back.  Additionally, this species has small 

scale leaves at the base of the peduncle of most flowers. 
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Lobelia fugax 
 

 Morphological measurement values for this species presented in Chapter 3 above 

are approximate as only a very small amount of floral and vegetative material from a 

single specimen were able to be examined.  This species is obviously very closely related 

to Lobelia fatiscens, and was only recently described as its own entity.  The history of 

this species is further confused by the fact that it was originally considered to be a small 

form of Lobelia ionantha by its discoverer, who had never seen Lobelia fatiscens.  If this 

original author had been familiar with Lobelia fatiscens, it is unclear if he still would 

have regarded this entity as so distinct as to warrant its own species name, and indeed the 

current author has questioned the validity of the division between this species and Lobelia 

fatiscens.  That being said, upon closer examination there do appear to be some stable 

morphological differences between the two species such as stem and leaf colour, and the 

while the flowers of both species are extremely small, the flowers of Lobelia fugax do 

seem to be consistently smaller.  Another apparent difference is the size of the awns 

relative to the size of the flower.  Both species seem to have the same sized awns for 

presenting and dispensing pollen, but due to the smaller flower size of Lobelia fugax, the 

awns appear really large compared to the flower.  The populations of Lobelia fugax are 

somewhat isolated from any known populations of Lobelia fatiscens, so there would be a 

possibility for speciation to occur as a result of reproductive isolation.  But on the balance 

of the limited evidence available about the actual difference between these species, this 

author recommends further extensive investigations to address this question. 
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Table 5.3.2 – Comparison of morphological measurements between Lobelia fatiscens and 
Lobelia fugax 
Character Lobelia fatiscens (Gray) Lobelia fugax (Heenan et al. 2008) 

Leaf size 2.9-7.7 x 1.7-3.9 mm 3.0-6.0 x 3.0-4.0 mm 

Calyx lobe size 0.8-1.5 x 0.27-0.52 mm 0.6-1.3 x 0.3-0.4 mm 

Flower diameter 2.6-4.7 mm 1.2-2.5 mm 

Corolla lobe size 1.3-2.6 x 0.52-0.83 mm 0.9-1.3 x 0.5-0.7 mm 

Corolla tube length 1.0-2.75 mm 1.5-2.2 mm 

Style length 1.8-3.2 mm 2.0-2.4 mm 

Anther length 0.4-1.0 mm 0.4-0.5 mm 

Capsule size 1.8-3.8 x 1.5-2.2 mm 2.3-2.9 x 1.6-2.2 mm 

 

 

Lobelia roughii 
 

 Hooker (1864) originally noted that the flowers of this species were quite large 

and on a stout peduncle, and that the capsule was leathery.  He was also the first to 

recognise that the upper two corolla lobes were free from each other and the remaining 

three lobes, and therefore the corolla tube was split three times to the base.  Several years 

later, Buchanan (1881) noted that the peduncle appears to elongate as the fruit ripens, that 

the plant is always found exclusively on shingle slopes, and that as a result of this habitat 

it often gets buried by sliding debris and then grows up again through the debris.  

Wimmer (1943) recognised two varieties of this species, var. roughii and var. alces.  He 

thought that var. alces was possibly even a new species, but his description was based on 

incomplete specimens and the only differences seem to be, venation, rounder leaves and a 

lack of teeth on the calyx lobes.  In the supplement to the Flora, Lucy Moore (Allan 

1961) commented regarding Wimmer's two purported varieties of L. roughii, that in her 

experience, most L. roughii plants show a range of venation on their leaves and implied 

that this did not seem to be sufficient evidence for recognising a new variety.  In the 

Oxford Book of New Zealand Plants Moore (1978) states, 
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 ‘Another Lobelia, also restricted to the South Island Mountains, but very 

differently proportioned.  It is found on open screes, as scattered plants on a steep slope 

of moving stones.  An overall grey colour, even when tinged with bronze or red, ensures 

that it blends with its background and indeed it is very easily overlooked.  The deeply 

toothed leaves are of a shape that has been fancifully likened to an Elk’s antler, and, as in 

most scree dwellers, they are slightly succulent.  The flowers, though white, are small and 

rather less conspicuous than the large, upstanding, leathery capsules crowned with 

pointed calyx lobes’.   

 

 

Lobelia macrodon 
 

 According to the official description of Lobelia glaberrima by Heenan (Knox et 

al. 2008), all Lobelia macrodon like plants found in the southern half of the South Island 

are considered to be Lobelia glaberrima.  The specimens used to create the description in 

Chapter 3 above included two collections from the lower half of the South Island, one 

from Gem Lake on the Umbrella Range in Northern Southland and one from Sealy Tarns 

in Mt. Cook National Park, creating the possibility that the description above is actually 

based on a combination of the morphology of these two species.  The specimens from 

Gem Lake and Sealy Tarns treated by this author as Lobelia macrodon did have 

noticeably smaller flowers than the other varieties examined (see Figure 3.3.13), but this 

difference was most apparent in the length of the corolla tube as opposed to the width of 

the open flower or the size of the lobes, but they also differed from some of the other 

collections of Lobelia macrodon examined in several other ways.  The Gem Lake 

accession never had hairs on the rear split of the corolla, sometimes had small scale 

leaves at the base of the peduncle, and their filaments were fused below the anthers for a 

longer fraction of their distance but were less fused to the corolla tube at the base.  Both 

the Gem Lake and the Sealy Tarns accessions lacked hairs on the side splits of the 

corolla, and both possessed some flowers without hairs on the filaments, although most 

flowers of each variety did have hairy filaments.  The specific epithet ‘glaberrima’ refers 

to the glabrous filaments as opposed to the hairy filaments possessed by Lobelia 
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macrodon, but Heenan (Knox et al. 2008) says that some accessions of Lobelia 

glaberrima have hairy filaments; however they are still distinguished by the smaller floral 

features.  The Sealy Tarns accession possessed scale leaves at nodes when branching, but 

so did the accession collected from Mount Hutt in Canterbury, whose taxonomic identity 

is not in dispute.  The Sealy Tarns accession also lacked the hairs on the inside of the 

corolla tube toward the base, but so did the accession collected from Avalanche Ridge in 

Arthur’s Pass, whose taxonomic identity is also not in dispute.  Additionally, some 

capsules found on the Sealy Tarns accession have a much longer and narrower shape, 

more like the capsules of Lobelia linnaeoides than the short, squat, more globose capsules 

found on the other varieties of Lobelia macrodon; however other capsules retain the 

normally expected appearance.  This situation is further complicated by the fact that the 

locality of Sealy Tarns seems to potentially be an area of overlap between the southern 

Lobelia glaberrima and the northern Lobelia macrodon according to Heenan (2008).  

When this location was visited during the course of this study, several different looking 

Lobelioids could be observed flowering within several feet of each other, and Lobelia 

angulata was also present at the site.  Plants were collected from this site, and a plant 

from this site that had been cultivated by Heenan was also received, but due to a 

substandard labeling regime, it is possible that both the variety collected by this author 

and the variety collected by Heenan were mixed together by virtue of being labeled with 

the same plant code and this could be a possible source of differences between fruits and 

flowers of this one accession.  At any rate it appears that Sealy Tarns is an area of local 

Lobelioid diversity and more in depth sampling should be carried out there.  Given the 

confusion between these two species further investigations are clearly warranted, and any 

such investigations should pay special attention to counting the chromosomes of any 

plants included as this seems to be the only reliable way to tell these two species apart at 

this stage.  Regardless of the ultimate taxonomic identity of these species, it is clear that 

both Lobelia macrodon and Lobelia glaberrima share the feature of having the corolla 

tube split most of the way to the base not only at the back, but also at the sides, although 

the side splits are not as immediately apparent since the sides of the front and rear lobes 

are closely appressed and in some cases interlocking.  The difference between closely 

appressed interlocking lobes and fused lobes is only apparent upon close examination in 
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that the interlocking lobes can be separated from one another without causing any tearing 

of the tissue.  Although it should be noted that in a very few cases for these species the 

interlocking lobes did appear to have a small area of fusion at the very top of the tube 

(e.g. the side splits were well defined for most of their length with no tearing of the tissue 

apparent, but at the very top of the tube, the front and rear petals needed to be torn from 

one another to enable the separation of the lobes and exposure of the splits).  Additionally 

the number of leaf teeth and the sharpness of their apex appear to be variable in both 

species, with some accessions having many really sharp pointed teeth and others having 

more rounded teeth and fewer teeth per leaf. 

 

 

Lobelia glaberrima 
 

 As mentioned above in the entry for Lobelia macrodon, the difference between 

these two species is clearly in need of further investigation, and it is unclear if the two 

species were adequately separated during the course of preparing their respective 

morphological descriptions.  That being said, there are several characters which would 

seem to be of potential interest in determining the difference between the two.  All of the 

specimens examined as Lobelia glaberrima for this study possessed somewhat involute 

leaves.  The awns for presentation and dispensation of pollen were much smaller as well 

as the calyx lobes, both a function of having smaller flowers.  None of the accessions 

examined possessed a scale leaf at the base of the peduncle, and most flowers and 

filaments were glabrous, but some flowers examined from the accession from the south 

end of the Old Man Range (top of Waikaia Bush Rd) did have a few hairs on the corolla 

splits, the inside of the corolla tube and some filaments.  This species also possesses the 

character of the corolla being split three times, one at the back and two at the sides, but 

the side splits are again obscured by the closely appressed and interlocking nature of the 

front and rear corolla lobes.  The accession from the north end of the Old Man Range 

(near Penguin Tor) appeared to be sterile, as immature ovaries examined possessed 

withered ovules and produced no seeds, and also had a slightly different internal ovary 

morphology at the apex, where the sutures assumed to give rise to dehiscent valves were 
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not as visible.  This raises the question of possible cryptic dioecy, androdioecy or hybrid 

sterility in this accession, but more data are clearly needed to come to a concrete 

conclusion about this.  At any rate, because of this situation the only seeds obtained from 

this species during the course of this study were from the Waikaia Bush Rd accession, 

leaving open the question of how much seed morphology characteristics vary in this 

species.  Additionally there is some confusion about the fruit of this species, with Heenan 

(Knox et al. 2008) considering the fruit to be fleshy and indehiscent, while the fruits of all 

other closely related species are dehiscent (although this was not known until recently for 

Lobelia macrodon).  This author has not observed any fruit of this species actually 

dehiscing, but the vestiges of structures that would seem to indicate eventual dehiscence 

have been observed on developing ovaries and immature fruit.  Additionally, fruits of this 

species have been observed to both stay fleshy and to dry out and turn brown, but it is 

possible that the dry fruits merely appeared that way because their peduncles had been 

damaged.  More information about the nature of the fruit of this species is clearly needed. 

 

Table 5.3.3 – Comparison of morphological measurements between Lobelia macrodon 
and Lobelia glaberrima 
Character Lobelia macrodon (Gray) Lobelia glaberrima(Knox et al. 2008) 

Leaf size 2.5-6.9 x 2.7-7.6 mm 2.5-7.0 x 2.5-8.5 mm 

Calyx lobe size 1.8-3.6 x 0.9-2.0 mm 1.4-3.5 x 0.6-1.2 mm 

Flower diameter 7.0-14.5 mm 6.0-12.0 mm 

Corolla lobe size 3.7-6.9 x 1.4-3.7 mm 2.3-4.5 x 1.2-2.7 mm 

Corolla tube length 4.0-9.8 mm 3.2-6.0 mm 

Style length 3.9-14.1 mm 5.0-6.9 mm 

Anther length 1.3-3.4 mm 1.3-2.2 mm 

Capsule size 4.1-4.9 x 2.8-5.4 mm 3.2-6.0 x 3.1-5.3 mm 
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Lobelia linnaeoides 
 

 This species shares the characteristic with the above two species of having the 

corolla split three times, but with the two side splits being obscured to the untrained 

observer.  It also shares characteristics with these species of frequently having hairs on 

the corolla splits and inside of the tube, and at least vestiges of hairs on some of the 

filaments.  This species also stands out from the others investigated in this study in that it 

appears to have the smallest calyx lobes relative to the size of the flower.  Indeed, Hooker 

(1853) commented that Lobelia linnaeoides was distinguished from Pratia (syn. Lobelia) 

angulata by the coriaceous (leathery) or somewhat fleshy leaves and very small calyx.  

While this ratio was not directly measured in this study, it could be easily calculated from 

the data obtained during the course of this investigation.  Additionally the stem of this 

species exhibited the feature of having conspicuous bumps which upon closer 

examination appeared to be stomata.  This feature was not obviously noticed on the stem 

of any of the other species, but it was not one of the features investigated as part of the 

systematic morphological descriptions, so it may be an area worthy of further 

investigation.  Furthermore this species provides a vivid illustration of the potential for 

extreme variability of hairiness characters in this species group.  Accessions of this 

species collected from Lake Ohau were extremely hairy on almost all vegetative parts, 

while accessions from the Rock and Pillar Range and Dunstan Mountains were either 

much less hairy or glabrous. 

 

 

Lobelia perpusilla 
 

 This species has been described in fairly complete detail since the very beginning 

when Hooker (1864) described the species as ‘a prostrate herb, creeping, branching and 

rooting at the nodes, with sessile, oblong, deeply toothed, smooth or pilose (having long, 

soft, straight hairs) leaves, sessile flowers, a hairy ovary, recurved calyx lobes, a hairy 

calyx tube, and the stamens inserted on the corolla with the filaments joined together into 
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a tube below the anthers’.  But Allan (1961) recognised that it is also somewhat 

polymorphic and distinctly plastic, an observation that would become common 

knowledge among future investigators familiar with the species.  He also pointed out that 

it was a very shy fruiter and was, he thought, apparently functionally dioecious.  Moore 

(1978) also recognised the morphological plasticity in this species saying, ‘When fully 

exposed to light and dry air the leaves are deeply toothed, strongly ridged (rugose), and 

brown, though appearing grey because of a cover of colourless hairs.  Such plants if kept 

really wet and in the shade for just a few days, will produce shoots with longer internodes 

and narrow, almost entire, smooth green leaves practically devoid of hairs’.  She also 

mentioned that it is ‘a smaller leaved plant of muddy lowland sites and is also common at 

higher altitudes on the peaty floor of ‘kettleholes’ which become ponds in winter’.  Up to 

that point, not much detail was known about the distribution of this species, although it 

was becoming accepted that it was fairly widespread, and this comment clarified some of 

the habitat characteristics in which future investigators would find the plant. 

 One feature that sets this species apart from all other species examined during the 

course of this study is the tendency for the teeth of the calyx lobes to be arranged 

asymmetrically, while the teeth on the calyx lobes of all other species are generally 

consistently symmetrically arranged.  Another feature that sets this species apart from 

Lobelia ionantha and Lobelia fatiscens (the two species this taxon is most commonly 

confused with, due to the minute leaves) is that the hairs inside the corolla tube are 

aligned with the sutures (lines of fusion) in between the corolla lobes and not aligned 

with the midvein of the lobes themselves, as in the other two species.  This species also 

illustrates the opportunity for extreme variability in vegetative hairiness characters as 

some accessions were extremely hispid and others were nearly glabrous.  Additionally 

this species also sometimes possesses a small scale leaf at nodes where branching has 

occurred, a phenomenon which has also been anecdotally observed by this author in some 

of the other species included in this study.  The significance of this phenomenon is 

unclear and it is clearly a situation which warrants further systematic investigation. 

 Despite the lengthy observations conducted on this species, questions remain 

about the sexual syndromes experienced by this taxon and the true nature of its fruit.  

This species clearly produced fruits much less prolifically than many of the other species 
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included in this study, and it has been suggested that the lack of fruiting on plants of this 

species is due to the species being functionally dioecious (Allan 1961).  Gynodioecy has 

been observed in other closely related species (Webb et al. 1999), and the possibility for 

gynodioecy to exist in specimens examined by this author was suggested by the complete 

absence of pollen from the anthers of several of the flowers of this species.  However, the 

lack of fruit production would seem to suggest androdioecy, given that one would expect 

gynodioecy to result in an abundance of fruit, assuming plants were not pollen limited.  

These two observations together would seem to suggest a counter intuitive sexual 

syndrome, and the status of this species in that respect is clearly worthy of further 

detailed investigation.  There has been conflicting information published about the nature 

of the fruit of this species, if and when they are ever produced.  Simpson and Scott-

Thompson (1942) reported a globose green berry, but Allan (1961) seemed to think that 

this reflected the immature state, implying the berry may change to a different state by 

maturity.  Moore (1978) described the fruits as only ‘globular, [and] apparently 

indehiscent, often on a long stalk, and sometimes hairy below the persistent sepals’.  

Unfortunately she goes into no further detail, and her illustration does not include the 

fruit, which might lead one to believe that not much good fruit material was actually 

available to her.  Later Johnson (Johnson and Brooke 1989) reported the fruit as ‘2-3 mm 

diam., green’, which is close enough to the ‘berry (immature)’ description contained in 

the Flora, that one is left to wonder whether Johnson was also able to examine a 

satisfactory amount of fruit in mature condition for his description.  Regardless of these 

conflicting historical reports, it appears clear that the fruit of this species is definitely 

indehiscent, and it is rather small, apparently remaining about the same size as the 

original flower receptacle at anthesis, unlike many of the other indehiscent fruits 

produced by other members of the same clade which drastically swell up and inflate to 

become a recognizable berry.  One immature fruit observed by this author in the wild 

seemed to be taking on an orange appearance.  The few fruits of this species that were 

observed in cultivation during the course of this study took a very long time to develop, 

having hardly changed in appearance after an amount of time in which fruits of other 

species which had flowered at the same time were well mature and ready to disperse.  

The one fruit of this species which was found to have mature seeds during the course of 
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this study was dry and thin walled, initially leading this author to believe that this was the 

final mature state of fruits of this species.  But on further consideration, one is left to 

wonder if some fruits might dry out if their peduncle was damaged and sap was no longer 

able to flow to them, so this could be a reason for the dried out fruit observed in this 

study compared to Johnson’s description of a small fleshy berry.  Alternatively, it is 

possible that the fruits of this species do dry out at maturity and the fruits observed by 

Johnson were not yet fully mature, but one can imagine how both fruit states might be 

encountered in the wild.  To this day a comprehensive description of the fruit of this 

species has not yet been published, and this is clearly needed. 

 

 

Lobelia angulata 
 

 At the very beginning, Forster’s (1786) description of Lobelia angulata was of an 

un-branched prostrate herb with subrotund, repand-dentate leaves and solitary, axillary, 

pedunculate flowers.  Forster’s description makes no mention of the fruit, and one can 

assume that the fruit was not seen by him.  Hooker (1853) later in his career recognised 

several varieties, noting that this species was, 'exceedingly variable in the length of the 

stem, the distance between the leaves, the shape of the leaves and their length, the length 

of the petiole, the depth and form and toothing and waving, and above all the length of 

the peduncle'.  These are the exact characters that had been used to justify Hooker’s 

(1844) original separation of Pratia (syn. Lobelia) arenaria from Pratia (syn. Lobelia) 

angulata, and these are the characters which separate Hooker’s later varieties from each 

other.  Allan (1961) also recognised varieties based on the size and margin of the leaves, 

and the length of the peduncle, but also on the size of the flower, a feature Hooker had 

recognised as variable, but had not correlated with his varieties.  Hooker (1864) also 

established that it was abundant in damp places throughout the islands, and indeed it is 

the most common of all the New Zealand species.  Hooker also said that the corolla 

sometimes had hairs present, but every flower examined from all accessions during the 

course of this study was strictly glabrous.  Banks and Solander (1770) had described 

Lobelia rotundifolia as a species which had ‘lobules at the base of the leaves’, but Hooker 
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could not account for the identity of this species.  Hooker seemed to imply that Lobelia 

rotundifolia was most likely very closely related to Pratia (syn. Lobelia) angulata, but 

strangely he did not consider it to be part of the range of variation one would expect 

within Pratia (syn. Lobelia) angulata, even though the other varieties were variable in 

leaf morphology.  The accessions of this species examined during the course of this study 

also appear to sometimes possess scale leaves at nodes when branching, a phenomenon 

that clearly warrants further investigation.  All species examined during the course of this 

study had petioles that were appressed to the main stem for part of their length 

(decurrent), but in some species this character was much stronger and the petioles 

appeared to wrap around and ensheath the main stem for some distance, resulting in the 

stem having protruding phalanges running down its length and taking on a somewhat 

winged appearance.  This phenomenon was only visible upon very close microscopic 

examination, and was observed on this species as well as several others.  More 

information about this character is needed before any conclusions can be drawn about the 

relevance of this to phylogeny, and a more systematic investigation of this character 

across all species, including an understanding of the developmental aspects, would be of 

great utility.  Due to the rear splitting of the corolla tube, the anther column can 

sometimes be observed popping out of the rear split, but because the length of the 

splitting is variable on different accessions, this in not always the case.  Also some 

flowers have been observed with hairs on their filaments, but this is generally not the 

case, and this illustrates how variable hairiness characters can be on all plant parts for all 

of the species investigated during the course of this study.  Additionally, flowers of this 

species have also been observed with anthers that contain no pollen, suggesting possible 

gynodioecy, a phenomenon that has been reported from this species previously (Webb et 

al. 1999), but again it is stressed that much more extensive information is needed about 

the sexual status of the flowers of all species in this group.  One feature that stands out as 

distinct for this species is the nature of the seed surface texture, with the seeds of this 

species having very little space in between the raised ridges on the surface in comparison 

to all the seeds examined from other species during the course of this study. 

 There is also a possibility that flower size in Lobelia angulata (syn Pratia 

angulata) could be plastic, as the range of size and shape for the flower of this species 
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varies greatly.  That being said, no observations have been made that this author is aware 

of that purport to show different sized or shaped flowers on one plant.  Additionally, it 

has been speculated in the past that the current ‘species’ Lobelia angulata could actually 

be a complex of several closely related and morphologically similar species.  If that is the 

case then the apparent variation in size and shape of the flower of this species is probably 

not ‘plasticity’ as such, but is in fact intraspecific or interspecific variation.  At any rate, 

this is an area that requires further study and is outside the scope of this thesis, but is the 

subject of another ongoing current investigation by another author (Hashim, unpublished 

data). 

 

 

Lobelia arenaria 
 

The primary difference between this species and its sister species Lobelia angulata, is in 

the nature of the leaves.  The leaves of Lobelia arenaria are much thicker and waxier and 

harder to work with, and their veins are more prominent on the leaf surface.  This species 

shares the characters of stem phalanges and scale leaves when branching with Lobelia 

angulata but as mentioned above, these are both phenomena which are in need of more in 

depth systematic investigation among this group before any conclusions on the 

phylogentic or adaptive significance can be drawn.  Also the filaments of this species are 

generally free, or attached for only a short distance to the corolla tube at the base, but 

several flowers of an accession from the Chatham Islands have some filaments which are 

attached for a slightly longer distance (about 1/5 of their length), and this illustrates 

further the wide variability that is possible for characters surrounding the fusion of one 

organ to another in these species. 
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Table 5.3.4 – Comparison of morphological measurements between Lobelia angulata and 
Lobelia arenaria 
Character Lobelia angulata (Gray) Lobelia arenaria (Gray) 

Leaf size 2.45-6.3 x 1.7-6.7 mm 5.0-8.7 x 5.5-8.1 mm 

Calyx lobe size 1.5-3.2 x 0.67-1.25 mm 0.8-1.9 x 0.57-1.1 mm 

Flower diameter 6.2-15.3 mm 7.1-9.2 mm 

Corolla lobe size 3.2-7.1 x 0.9-2.9 mm 3.8-5.7 x 1.0-2.2 mm 

Corolla tube length 3.7-6.3 mm 2.4-3.4 mm 

Style length 4.7-6.9 mm 3.2-4.4 mm 

Anther length 1.1-2.3 mm 1.0-2.0 mm 

Berry size 5.0-12.0 x 7.0-12.0 mm 5.0-10.0 x 7.0-10.0 mm 
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5.4 Future work 
 

 The results of the experiments conducted during this study were not as robust as 

ultimately desirable, but they did expose critical knowledge gaps waiting to be filled.  

The exact cause of the plastic changes in leaf morphology in Lobelia ionantha, L. 

fatiscens, and L. perpusilla, and the physiological mechanism responsible for this type of 

effect is unknown and warrants further investigation.  Additionally, having data from a 

more robust, successfully conducted pollination experiment, of the type attempted during 

this study, would be of the utmost utility in informing generic delimitation.  For a 

pollination study like this to be successful, there are many factors about the flowering 

phenology of a species which must be known.  In this case, these factors were unknown, 

and could only be casually observed due to the scope of this study.  Before any future 

pollination studies of this type are carried out on these species, it is recommended that a 

robust investigation of all of the basic variables of flowering phenology in these species 

is conducted.  Things that must be known which are currently unknown include:  

 

• The amount of time from bud break to anthesis, how this differs from species to 

species, whether it is variable for different geographical accessions of the same 

species, whether it is variable for different flowers on the same plant, and how it 

accords with published information for other, more well studied Lobelia species.   

 

• The time of anther dehiscence with respect to other events during flowering, the 

duration of pollen presentation, the time of initiation of pollen viability, the 

duration of pollen viability, variability of these factors among species, accessions 

and individual flowers, and accordance with previously published information for 

other species. 

 

• The relationship between pollen availability and stigmatic factors.  In some other 

Lobelioids the period of stigmatic receptivity doesn’t occur until all of the pollen 

has been removed from the anthers, and it is unknown whether this is the case for 

New Zealand species. 
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• The time of initiation of stigmatic receptivity, the duration of stigmatic 

receptivity, variability of stigmatic factors among species, accessions and 

individual flowers and accordance with previously published data for other 

species. 

 

• The total time from beginning of anthesis to flower senescence and through to 

fruit set, variability among species, accessions and individual flowers and 

accordance with previously published data for other species. 

 

• The presence of pollen vectors in and around the individual species and the 

taxonomic identity of all pollen vectors associated with each species. 

 

• And finally, the degree of androdioecy and gynodioecy, or other sexual 

syndromes such as cleistogamy, among the individual species.  Gynodioecy has 

been recorded in Lobelia angulata (Webb et al. 1999), and observations during 

the course of this study have pointed to the potential possibility of the occurrence 

of both gynodioecy and androdioecy in several additional species.  Cleistogamy 

was accidentally observed in Lobelia fatiscens during the course of this study, but 

a purposeful and systematic survey geared toward examining this possibility in all 

other species is needed.  Obviously the sexual status of the flowers themselves 

would have a profound influence on the outcome of any pollination experiments, 

so the degree that these syndromes occur in these species, if at all, should be 

known with certainty before any further experiments of this type are attempted. 

 

 If more detailed knowledge about these factors can be elucidated for these 

species, then investigators will be in a position to conduct a robust pollination experiment 

that can truly inform one about the genetic relatedness in this group, along the lines of 

what was originally envisioned for this study.  Some recommendations for a future 

experimental design that would avoid the limitations encountered in this study would 

include the following: 
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• Conduct a pilot study or some other trial to determine the effects on the health of 

flowers and whole plants of different methods to exclude pollen vectors, and 

determine the most appropriate method that seems least likely to compromise 

flower health and final results. 

• Conduct a pilot study in the first season experimenting with combinations of 

emasculating flowers or leaving them unemasculated and leaving flowers open to 

natural pollination or excluding insects.  This would help to determine if 

emasculation is necessary to prevent self pollination in some or all species, and if 

emasculation can take place without compromising the health of the flower.  If 

emasculation turns out not to be required this will save endless time and 

frustration for the investigator, even if it proves to be harmless. 

• Conduct experiments in an insect-free, climate-controlled glasshouse, or even two 

separate glasshouses, one for pollen donors and one for pollen acceptors. 

 

 To begin one would need healthy, insect-free plants of each species from at least 

three, ideally more, disparate geographic localities throughout each species range.  

Ideally one would have two plants of each accession, one to go in a separate glasshouse, 

whose flowers would be used as pollen donors, and one which would have each flower 

emasculated (if necessary) prior to anthesis, to prepare them to be pollinated with pollen 

from other species or accessions.  The plants to be pollinated should be kept in a separate, 

insect-free glasshouse and each flower should be emasculated (if necessary) as they 

appear, in a timely enough manner to prevent the spread of viable pollen, but at as late a 

stage as possible to make it easier for the investigator.  As each flower to be pollinated 

becomes stigmatically receptive, pollen should be transferred from one of the donor 

plants, and the pollinated flower should be marked with a coloured cotton thread to 

identify which plant donated the pollen.  Ideally each accession of each species would be 

pollinated with pollen from every other accession of every other species and each 

accession of the same species, including controls.  If this protocol was followed and the 

plants were kept healthy through to fruit maturity, then the experiment should produce 

robust and most importantly, reliable results. 
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5.5 Conclusions 
 

 DNA phylogenies are a useful tool that are being increasingly used as the 

technology for genetic analysis develops, but they do not paint a complete picture of the 

relationships between, and evolutionary history of a given set of plants.  DNA is simply 

microscopic molecules that can show patterns of inheritance, but they tell us very little 

about where a plant lives, how it lives, and how and with whom it can reproduce.  We 

need all of this information, as well as patterns of DNA inheritance, in order to make 

informed conclusions about evolutionary histories and taxonomic relationships within 

groups of plants.  By continuing to catalogue the morphological details of the Lobelioid 

species we can work toward the comprehensive data set that is required to make informed 

conclusions about taxonomic relationships. 

 I had hoped to be able to rely on the groundwork laid by historical authors to 

point the way toward logical criteria for generic delimitation among this subfamily.  

However it is now clear that all higher order classification schemes yet proposed were 

haphazard, extremely variable from author to author, founded on the basis of 

inappropriate characters, and that a complete reorganization of the subfamily is 

inevitable.  The historic criteria for generic delimitation seemed to fall to the whims of 

the individual author, and often the only justification was the change in a single character 

state that the author weighted heavily for some unknown reason.  As a result of this, it has 

been determined that previous justifications for generic delimitation are not reliable, and 

the methodology used was less than ideal.  So while the exhaustive historical research 

carried out for this study was time consuming and interesting, it failed to shed light on 

techniques or methodologies that could aid this current author in suggesting criteria for 

delimitation of new genera based on what we know now.  The best suggestion that can be 

offered to move forward with generic delimitation among this subfamily is to continue to 

map morphological character states onto the global phylogeny of these species.  Pending 

the filling in of the required information gaps for each species, it will be difficult to gain a 

holistic view of the subfamily and suggest which characters might be of utility in creating 

a practically useful and truly phylogentic classification.  Until such time, incorporation of 

the species in the genera mentioned within this manuscript into the genus Lobelia is 
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accepted as the proper course of action, with the aim of dividing Lobelia into 

monophyletic subsidiary genera once a complete suite of character information has been 

collated for each species.  Eventually we hope to have enough comprehensive 

information to pick out clades from the phylogeny that share aspects of morphology or 

biogeography, and it is suggested here that these groups would probably appropriately be 

considered genera and named as such. 
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Appendix 1 – Glossary 
 

androdioecy – a plant in which male and hermaphrodite flowers are borne on separate 

 individuals 

bilabiate – two lipped 

complete flower – a flower that possess all the usual floral parts 

connate – fused into a tube 

diclinous – a plant with separate sexes on different flowers 

dioecy – a plant in which male and female flowers are borne on separate individuals 

gynodioecy – a plant in which female and hermaphrodite flowers are borne on separate 

 individuals 

homoplasic – a character which has evolved repeatedly in multiple lineages 

monocarpic – a plant that flowers and fruits once then dies 

monophyletic – a group of taxa arising from the diversification of a single ancestor 

pentamerous – having five lobes 

perfect flower – a flower containing both male and female parts 

protandrous – presents pollen prior to stigmatic receptivity 

rostulate – growing in a rosette 

siliqua – long pod, kind of like a pea pod 

trilabiate – three lipped 

unilabiate – single lipped 

zygomorphic – not symmetrical 

 

 

Appendix 2 and 3 – Latin Translations and Raw Data 
 

See enclosed CD-ROM 

 


	Abstract
	Acknowledgements
	Table of Contents
	List of Figures
	List of Tables
	List of Plates
	Chapter 1 – Introduction and Taxonomic History
	1.1 The subfamily Lobelioideae
	1.2 Historical taxonomic treatments
	Earliest concepts of Lobelia (1611-1769)
	The time of Captain Cook (1769-1790)
	Emerging concept of plant families (1790-1815)
	New genera and the ‘Natural System’ (1815-1840)
	Joseph Dalton Hooker and early colonialism (1840-1900)
	The Contributions of Thomas Frederick Cheeseman (1900-1930)
	The contributions of F E Wimmer (1930-1950)
	The contributions of Harry Howard Allan (1950-1960)
	Jen A McComb and Lucy B Moore (1960-1980)
	Peter N Johnson and Anthony P Druce (1980-1993)
	Modern Taxonomy (1993-2005)

	1.3 Former and current taxonomic treatments of New Zealand species
	1.4 Identification problems in New Zealand
	1.5 Aims of this study

	Chapter 2 – Vegetative Plasticity
	2.1 Introduction
	Overview
	Plasticity in the field
	Vegetative characters and plasticity

	2.2 Plasticity Experiment
	Methods
	Results
	Discussion


	Chapter 3 – Morphology and Biogeography of the New Zealand Species
	3.1 Introduction
	3.2 Methods
	3.3 Results
	Lobelia anceps
	Lobelia (syn. Colensoa) physaloides
	Lobelia roughii
	Lobelia carens (syn. Hypsela rivalis)
	Lobelia ionantha (syn. Hypsela rivalis)
	Lobelia fatiscens (formerly Isotoma fluviatilis)
	Lobelia fugax (syn. Hypsela ‘Burgoo’)
	Lobelia macrodon (syn. Pratia macrodon)
	Lobelia linnaeoides
	Lobelia perpusilla (syn. Pratia perpusilla)
	Lobelia angulata (syn. Pratia angulata)
	Lobelia arenaria (syn. Pratia arenaria)

	3.4 Floral morphometrics
	Methods
	Results
	Discussion


	Chapter 4 – Pollination Experiment
	4.1 Introduction
	4.2 Methods
	4.3 Results
	4.4 Discussion

	Chapter 5 – Conclusions
	5.1 Historical Issues
	Use of single character taxonomy
	The nature of Lobelioid fruits and their use as a phylogenetically informative character
	Sexual Syndromes
	Lobelia ionantha (syn. Hypsela rivalis) and Lobelia fatiscens (formerly Isotoma fluviatilis)
	Lobelia macrodon and Lobelia roughii
	Anther ornamentation

	5.2 How to identify the New Zealand species
	How to identify without flowers

	5.3 Questions raised by this study
	Lobelia ionantha
	Lobelia carens
	Lobelia fatiscens
	Lobelia fugax
	Lobelia roughii
	Lobelia macrodon
	Lobelia glaberrima
	Lobelia linnaeoides
	Lobelia perpusilla
	Lobelia angulata
	Lobelia arenaria

	5.4 Future work
	5.5 Conclusions

	References
	Appendix 1 – Glossary
	Appendix 2 and 3 – Latin Translations and Raw Data

