Diversity among Ulva spp. in North Carolina, USA, based upon
morphological characters and DNA sequence data
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Abstract

Ulva is a genus of green algae common to coastal, intertidal,
estuarine, and freshwater environments around the world.
Diversity estimates of the species are often misleading due to
morphological plasticity causing taxonomic chaos. Thus, to
accurately determine diversity among North Carolina Ulva
species, both molecular and morphological assessments will be
completed. Samples will be collected from various sites across
the southeastern and central coastal regions of North Carolina.
Molecular analysis will be completed by sequencing the nrITS,
rbcL, and tufA regions for each species. Morphological
assessments will be performed based on 27 distinct characters
and compared against known identification parameters for the
region. This project will aid in understanding of the utility of
morphological and molecular identification methods for
diversity estimates around the area.

Preliminary Results
•
•
•
•

Certain morphological characters do not aid in identifying species level taxonomy
Certain morphologies do form unique molecular groups
Salinity does not seem to be a factor in morphology
Bladed and tubular Ulvas do not separate out significantly when grouped together based on the
rbcL sequence
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Main Objectives

• To determine the diversity of North Carolina Ulva species
based on DNA sequencing data
• Based on this molecular data, to determine if there is utility in
morphological characters for identification of North Carolina
species
• Using these objectives, to be able to determine species-level
classification of Ulva when possible
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Introduction and Background

• There are 88 currently listed species and sub-specific forms in
the genus Ulva (Guiry & Guiry 2022).
• Ulva are multiseriate macroalgae with large cells containing
plastids and one or more pyrenoids.
• In 1820, the genus was divided based on morphology;
monostromatic tubular Ulva were named Enteromorpha (Link,
1820), whereas bladed distromatic Ulva were kept in their
original genus.
• Enteromorpha Link was considered a distinct genus until
2010, when phylogenetic analyses proved that bladed and
tubular species did not represent separate evolutionary clades
(Hayden et al. 2010).
• Many local and regional identification books and modern
scientific publications struggle to use the currently accepted
taxonomic classifications.
• Ulva holds environmental, commercial, and recreational value.
• Species of Ulva have been tied to some of the world’s largest
macroalgal blooms and have been known to wash up on many
beaches around the world (Hughey et al. 2018).
• The type species for the genus is Ulva lactuca, which is one of
the more extensively studied species across the globe (Hughey
et al. 2021, Guiry & Guiry 2022). Throughout history it has
been repeatedly misidentified, misnamed, and is representative
of a much larger issue within the genus itself.
• There are 12 Ulva species that are currently recognized in
North Carolina (Kapraun 1984, Schneider and Searles 1991).
They have never been molecularly characterized.

PCR of rbcL,
ITS, and tufA

Figure 1. UPGMA cluster diagram of 17 rbcL sequences for samples collected from North Carolina over the past
12 months, where 6 distinct clusters represent genetic species. Each colored circle corresponds to a sample image.
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