
Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Rindi, F;Verbruggen, H

Title:
Taxonomic Reshuffling of the Cladophoraceae

Date:
--

Citation:
Rindi, F. & Verbruggen, H. (). Taxonomic Reshuffling of the Cladophoraceae. Journal
of Phycology,  (), pp.-. https://doi.org/./jpy..

Persistent Link:
https://hdl.handle.net//



This is the author manuscript accepted for publication and has undergone full peer review but has not 

been through the copyediting, typesetting, pagination and proofreading process, which may lead to 

differences between this version and the Version of Record. Please cite this article as doi: 

10.1111/jpy.12459 

This article is protected by copyright. All rights reserved 

TAXONOMIC RESHUFFLING OF THE CLADOPHORACEAE 1 

 2 

The notion that some groups of algae suffer from a “low-morphology problem” that masks their 3 

true species diversity has been recognized for at least two decades (van Oppen et al. 1996). This 4 

problem has become dramatically evident in recent years as DNA sequence data have taken center 5 

stage in species delimitation. The issue is usually associated with algal groups having simple 6 

morphologies and a limited set of morphological characters useful for morpho-taxonomic 7 

circumscriptions and in taxa experiencing habitat-induced phenotypic plasticity (Verbruggen 2014). 8 

The Cladophoraceae, a family of small filamentous green seaweeds, is clearly impacted by the low-9 

morphology problem and is an excellent example to illustrate these difficulties. The paper of 10 

Boedeker et al. (2016) published in this issue represents a milestone in the systematic biology of 11 

this widespread group of chlorophytes. The authors propose a new classification of the 12 

Cladophoraceae based on a robust molecular phylogeny. The impressive sampling effort and 13 

geographical coverage lead to strong conclusions, making this study a major taxonomic 14 

advancement for green algae in general, not just the Cladophoraceae.  15 

The Cladophoraceae contains three genera that are familiar to most marine biologists: 16 

Cladophora, Chaetomorpha, and Rhizoclonium. They all have thalli consisting of uniseriate 17 

filaments formed by large multinucleate cells. The distinction between genera is (apparently) 18 

straightforward: Cladophora has branched filaments, Chaetomorpha has unbranched thick 19 

filaments, and Rhizoclonium has unbranched thin filaments. In the field, algae of these genera are 20 

generally easy to recognize as green filamentous patches, bushes, or rope-like structures occurring 21 

in a wide range of habitats (Fig. 1). The Cladophoraceae is one of the few algal taxa that has 22 

crossed the borders between sea and freshwater, because it includes species distributed in marine, 23 

brackish, and freshwater environments (e.g., in the Mekong river in Laos, where Cladophora is 24 

harvested for consumption). Some species thrive in marine intertidal habitats and coastal lagoons, 25 

where they occasionally produce large blooms in situations where nutrients are abundant and 26 

competition is reduced (Zulkifly et al. 2013). From a geographic point of view, the family has a 27 

cosmopolitan distribution, ranging from tropical to polar waters, with generally higher diversity in 28 

temperate regions. 29 

The Cladophoraceae is one of the longest-known and studied taxa of green algae (the first few 30 

species were described as early as the late 18th century), yet are still recognized as a taxonomically 31 

challenging group. Species delimitation has been particularly problematic, as demonstrated by the 32 
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plethora of specific and intraspecific names that exist (1,072 listed in AlgaeBase only for 33 

Cladophora, Guiry & Guiry 2016). A poor understanding of the biology of these algae has 34 

contributed to this nomenclatural inflation. It is now known that thallus morphology is greatly 35 

affected by phenotypic plasticity related to environmental conditions (Leliaert & Boedeker 2007) 36 

and that this has been the major cause of taxonomic misinterpretations. Some morphological 37 

characters considered taxonomically relevant may vary in relation to habitat. An excellent example 38 

is found in one of the most detailed treatments available for this group: the monograph of van den 39 

Hoek (1963) for European Cladophora. This study, which is still considered a key reference for the 40 

family, reports that several common Cladophora species exhibit different apical cell sizes 41 

depending on whether the alga grows in well-lit or shaded sites, yet apical cell size used to be an 42 

important taxonomic character. At the same time, the shortage of morphological characters 43 

available for these algae poses a limit to the number of species that can be diagnosed on a 44 

morphological basis. It is therefore not surprising that convergent evolution of morphological traits 45 

has been common in the Cladophoraceae; this phenomenon emerged in early molecular studies of 46 

the family (Bakker et al. 1994, Hanyuda et al. 2002, Leliaert et al. 2003) and is now confirmed with 47 

more substantial evidence. 48 

The study by Boedeker et al. (2016) is an example of good practice in the establishment of a 49 

natural classification of a taxonomically difficult group of algae. The authors use sequences of the 50 

LSU and SSU rDNA genes obtained from a large number of species to infer a robust molecular 51 

phylogeny that is then used to update the classification of the family. The number of samples used 52 

and the geographic coverage of the study are among the largest seen in a phylogenetic study on 53 

macroalgae, resulting from years of extensive collections made by the authors or received from 54 

collaborators, and the sequence data are analyzed with sound, state-of-the-art phylogenetic methods.  55 

Not unexpectedly, the study provides definitive evidence that none of the three main genera, 56 

Cladophora, Chaetomorpha, and Rhizoclonium is monophyletic. This also suggests that a complete 57 

overhaul of the classification of the group is needed. A factor complicating this matter is that 58 

several old taxon names exist that are now considered synonyms of these genera, which need to be 59 

considered in naming the groupings resolved in the phylogenies. In situations like this, uncertainty 60 

about which clades should receive which names often abounds and can lead to decision paralysis. 61 

Clearly, such paralysis represents a huge impediment for the establishment of a correct 62 

nomenclature and its applications in algal biology and marine ecology. In theory, the logical 63 

solution to this problem would be to sequence type specimens, the only ones to which taxonomic 64 

names are unambiguously linked. This approach has become increasingly popular in recent years 65 

(especially for red algae) and it is likely that high-throughput sequencing methods will make it part 66 
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of the core toolkit for algal taxonomy (e.g., see Hughey et al. 2014). At present, however, obtaining 67 

sequences from old herbarium specimens is still a very laborious and error-prone procedure for 68 

which there is no guarantee of success. In reality, it is often necessary to go down a more pragmatic 69 

path, letting experts familiar with the biology of the group link taxonomic names and molecular 70 

groupings by examination of type specimens and consideration of the original descriptions. This is 71 

the approach adopted by Boedeker et al. (2016), and we praise them for being decisive in the face of 72 

uncertainty and assigning names to seven monophyletic genera: in addition to redefining 73 

Cladophora, Chaetomorpha and Rhizoclonium, they describe the new genera Lubrica and 74 

Pseudorhizoclonium and reinstate Acrocladus and Willeella. 75 

The study is also an interesting example of the nomenclatural problems caused by 76 

discrepancies between morphology-based and DNA-based classifications in algal groups with a 77 

simple habit. If the nomenclatural rules were strictly adhered to, only a single species would remain 78 

in Chaetomorpha (the generitype C. melagonium (F. Weber & D. Mohr) Kützing), and all other 79 

species would need to be transferred to a different genus. We find that the authors make a sensible 80 

decision to avoid such a nomenclatural ‘earthquake’ and propose to conserve Chaetomorpha against 81 

its type in a future publication (transferring C. melagonium to a new genus). 82 

Besides taxonomic advances, the study also contributes new insights into the evolutionary 83 

history of the Cladophoraceae, showing that there have been at least three independent switches 84 

between branched and unbranched morphologies, and that the family has colonized freshwater 85 

environments on two separate occasions. This highlights the morphologically and physiologically 86 

dynamic nature of these algae, which has likely been the basis of their evolutionary success. 87 

Although this study represents a model for the establishment of natural taxonomic 88 

classifications, the methods used here may not yield similarly conclusive results for other algal 89 

groups. A serendipitous aspect of the study is that just two molecular markers yielded a robust 90 

phylogeny of the group, with high support for most internal branches (see Figure 2). It was this 91 

well-supported backbone that allowed the new classification to be built, but in many other algal taxa 92 

two markers will not be sufficient to obtain an equally robust phylogeny, especially in poorly-93 

known groups for which taxon sampling is sparse (see, for example, a similarly well-designed study 94 

by Fučikova et al. (2014a) that could not completely resolve the phylogeny of the Sphaeropleales 95 

despite using seven concatenated markers). For many groups, obtaining robust phylogenies will 96 

require combining multiple markers from different cell compartments and a similarly extensive 97 

taxon sampling, which may be hard to achieve in the case of small-sized or morphologically cryptic 98 

algae.  99 
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The Cladophoraceae are now better organized taxonomically, but they offer plenty more 100 

challenges. An interesting point for those not familiar with the systematics of Cladophoraceae, is 101 

that the study of Boedeker et al. (2016) is the first one to present a phylogeny of the family based on 102 

more than one marker. In an era in which it is normal to see algal phylogenies based on many 103 

markers or, more and more often, whole organellar genomes, this may appear strange. In particular, 104 

it seems odd that slow-evolving plastid markers which are popular for phylogenetic inference and 105 

DNA barcoding in green algae (rbcL, tufA, atpA, psaA, psaB, psbA) have not yet been sequenced 106 

for the Cladophoraceae. For reasons that are still unknown, the amplification of these "easy target" 107 

plastid markers in the Cladophoraceae has been an almost insurmountable challenge, with only one 108 

rbcL sequence published thus far (for Chaetomorpha valida (J.D. Hooker & Harvey) Kützing, Deng 109 

et al. 2014). In molecular phylogenies, this sequence is highly divergent from those of other 110 

Ulvophyceae (Fučikova et al. 2014b) and it should be confirmed based on additional data. 111 

Presumably the amplification of plastid markers in these algae must be prevented by some atypical 112 

features of the plastid genome. The structure of the plastid genome remains one of the most 113 

mysterious and intriguing aspects of this group. This is suggested in part by the presence of actively 114 

transcribed plasmid-like DNA that seems to have derived from plastid DNA (LaClaire et al. 1998). 115 

The challenge will be to characterize these plasmids and their role in the biology of these algae, and 116 

this knowledge will contribute to our understanding of the genetic and physiological features that 117 

have made the Cladophoraceae such an adaptable and successful group. 118 

Placement at higher taxonomic levels has also been a source of uncertainty and cannot be 119 

considered fully settled yet. At the ordinal level, Cladophoraceae belong to the order Cladophorales, 120 

a group that includes several lineages with rather different habits, but generally well supported in 121 

molecular phylogenies and defined by the unifying character of having multinucleate cells with 122 

nuclei arranged in regularly spaced cytoplasmic domains (siphonocladous organization; Leliaert et 123 

al. 2012). At the class level, Cladophorales have been generally placed in the Ulvophyceae as 124 

defined by Mattox & Stewart (1984). However, van den Hoek et al. (1995) considered the 125 

cladophoralean algae distinctive enough to deserve a higher status and erected the class 126 

Cladophorophyceae. In recent years, most authors have preferred their classification as an order in 127 

the Ulvophyceae, supported by the fact that molecular phylogenies based mainly on nuclear 128 

markers recovered the Ulvophyceae as a monophyletic group (López-Bautista & Chapman 2003, 129 

Cocquyt et al. 2010) in which the Cladophorales were robustly placed. However, studies based 130 

mainly on plastid DNA did not provide strong support for the monophyly of the Ulvophyceae, and 131 

recent large-scale phylogenies based on plastid multigene data do not support a monophyletic 132 

Ulvophyceae (Fučikova et al. 2014b). Needless to say, the Cladophorales, due to the difficulty of 133 
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amplifying chloroplast markers, have not been well-incorporated into such chloroplast 134 

phylogenomic studies. Depending on future developments in the classification of the core 135 

chlorophytes (cf. Fučikova et al. 2014b), the class-level placement of the Cladophorales may have 136 

to be revised, and the possibility that the class Cladophorophyceae of van den Hoek et al. (1995) 137 

may eventually be resurrected should not be discounted.    138 

In an era in which algal genomics has taken off, it is also worthy to note that genomic data 139 

from the Cladophoraceae are still in great shortage and limited to metagenomic data. This is 140 

unfortunate, especially because genomic information, in combination with additional physiological 141 

and biochemical studies, would greatly help clarify the processes regulating morphogenesis in these 142 

algae and further explain the basis of their phenotypic plasticity. We hope that more work will be 143 

carried out on these aspects of the biology of the Cladophoraceae and we remark that, even after 144 

more than two centuries of studies, this group still provides a wealth of opportunities for creative 145 

and exciting research.    146 
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FIGURE LEGEND 222 

 223 

Fig. 1. Habit of selected representatives of Cladophoraceae. (A) Acrocladus herpesticus. (B) 224 

Willeella ordinata. (C) Chaetomorpha antennina. (D) Cladophora sp. 225 
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