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a)

Amaranthaceae s.s. is the fourth most species-rich vascular plant family in the 

Galápagos archipelago being represented by seven genera.  Six of these genera 

contain endemic species: Alternanthera (9 species/7 subspecies), Amaranthus (2 

species), Blutaparon (1 species – Extinct), Froelichia (2 species/5 subspecies – 1 

Extinct), Lithophila (2 species), and Pleuropetalum (1 species) (Eliasson, 2004).  Many 

of these occur in small populations much-impacted by introduced herbivores and in 

recent reviews have shown increases in their level of endangerment (Tye, 2007). 

Despite this threat, little work has been done to understand the evolutionary history and 

revise taxonomy using modern methods to update species distributions and identify 

conservation priorities.

Lithophila is a small genus currently recognized to consist of three species; L. 

muscoides on islands of the Caribbean and L. radicata and L. subscaposa in the 

Galápagos. The genus is classified within the principally American subfamily 

Gomphrenoideae and is characterized by the presence of two anthers, however 

monophyly of the genus has never been established. In Galápagos the genus has 

been overlooked by most previous research except for their recognition as being rare. 

Here we systematically review the genus in the islands to understand morphological 

variability, update range maps, and evaluate monophyly of the genus. 

MethodsIntroduction

Field and herbarium work in Galápagos was completed by RM 

during a Fulbright supported fellowship to study the endemic 

Amaranthaceae of the Galápagos Islands. Subsequent laboratory 

analysis was supported by the Fort Lewis College Faculty 

Development Grant Program. We would additionally like to thank 

the curators of the following herbaria for providing assistance during 

visits or for providing additional specimen data: CAS, QCA, QCNE, 

S. We would also like to thank Benjamin van Ee (MAPR) for 

providing tissue of Puerto Rican Lithophila for genetic analysis.
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Results 

 Morphological Variability and Species Distribution

 Molecular Phylogenetics

To assess phylogenetic placement, comparison with a broad assemblage of subfamily 

Gomphrenoideae was performed using both chloroplast and nuclear DNA. Chloroplast 

rpl16 and trnLF data from Sánchez del-Pino et al. (2009) covering a broad assemblage of 

Gomphrenoideae was used initially. Secondarily, nrITS data including a denser sampling 

of higher Gomphrenoids was used for monophyly assessment. For both analyses 

sequence data was edited using Geneious 6.1.8 and aligned using Muscle. Phylogenies 

were estimated using maximum parsimony with branch support tested using the Bootstrap 

in PAUP* 4.0b10.

Figure 2. Results of principal components analysis in L. subscaposa. Further 

evidence for variation segregating plants on Islas Floreana and Santiago. This 

consistent morphological variation and geographic segregation is providing 

support for the recognition of two subspecies of L. subscaposa on the two 

islands.  

Figure 3. Revised distribution maps for three proposed 

taxa of Galapagos Lithophila. 

Figure 4. Parsimony bootstrap consensus trees for chloroplast (A) and nuclear (B) data. Both trees 

suggest that Lithophila does not represent a monophyletic lineage.  Caribbean L. muscoides shows a 

close relationship to both Blutaparon, another seaside Gomphrenoid, and species of Gomphrena

endemic to Australia. The Galápagos L. radicata groups with a clade of North and South American 

Gomphrena in the chloroplast data with moderate bootstrap support.  In the nuclear dataset, L. radicata

falls within a weakly supported polytomy of multiple Gomphrena groups and its relationship is less clear.  

More data and evaluation of relationships within and among Gomphrena and related genera is needed to 

definitively answer the question of Lithophila monophyly.

Conclusions and Future Directions
Our work is serving to better define the taxa and diversity of Lithophila in the Galápagos and 

will contribute to continued conservation efforts.  

Further genetic studies are currently underway to evaluate the inter-island relationships of 

the genus in Galápagos to understand the pattern of speciation and provide additional support 

for our proposed taxonomic circumscription.  

Further testing of the hypothesis of monophyly for the genus Lithophila between the two 

disjunct areas of occurrence is being evaluated within the context of an improved 

understanding of generic circumscription and relationships within the subfamily 

Gomphrenoideae. 

Lithophila muscoides, Guayanilla, Puerto Rico. 

Gravel above shoreline. Photo: Zongie Rodríguez

Lithophila radicata, Isla San Cristóbal, Galapagos. 

Open bluffs above ocean. 
Lithophila radicata,  Inflorescence. 

Figure 1. Results of global stepwise discriminant analysis. Eight variables (leaf 

length, leaf width, inflorescence base to first node length, inflorescence internode 

length, scape width, flowering spike width, bract length, and stigma + style length) 

were included in the analysis. Strong separation of principal taxa is shown along 

axis 1. Within L. subscaposa clear differentiation was seen between plants on 

Islas Floreana and Santiago. Within L. radicata occurrences on Islas Española, 

Floreana, Pinzón, and the western end of San Cristóbal were seen to overlap in 

range of morphological variation. Occurrences on the eastern end of San Cristóbal

were observed to consistently segregate at one extreme of variation . 
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A. Lithophila radicata

B. Lithophila subscaposa ssp. subscaposa

C. Lithophila subscaposa ssp. parviflora

ssp. nov.

Ecuadorean and international herbarium material was consulted 

and reviewed for determination of distribution.  Detailed observation 

was made on 60 specimens in the CDS herbarium (Santa Cruz, 

Galápagos).  13 morphological variables were measured on all 

specimens and variability assessed using Stepwise Discriminant 

Analysis and Principal Components Analysis. 

A. CP trnLF:rpl16
Length: 1462

CI: 0.823

RI: 0.872

B. nrITS
Length: 772

CI: 0.620

RI: 0.746


