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Accumulating human impacts on freshwater ecosystems have created a 

biodiversity crisis for freshwater fishes while conservation efficacy remains hampered by 

the Linnaean shortfall, the ignorance of many species that have yet to be discovered and 

described.  The past discovery of most freshwater fish species was simply a matter of 

collecting in taxonomically blank or poorly explored places on the map and then 

describing whatever looked different.  Increasingly, especially in well-sampled areas, 

undescribed species are likely to be morphologically cryptic and are only discovered after 

intensive research.  Fortunately, biogeography has arranged biodiversity into patterns 

that, if revealed and understood, can be used to straighten the path to discovery.   

The Cape Floristic Region (CFR) of the southwestern and southern coast of South 

Africa is famous for its 6,200 species of endemic plants but its coastal river systems 

contain only 19 primary freshwater fish species according to traditional (morphological) 

taxonomy.  However, 16 of them are endemic and recent studies have revealed 

additional, cryptic species within them.  Understanding how biogeographical processes 



 

have generated this endemic cryptic diversity could inform the search for species in other 

coastal regions around the world.  This dissertation is focused on one primary freshwater 

fish, the Cape Kurper, Sandelia capensis (Cuvier 1829), a climbing gourami 

(Anabantidae) found in coastal river systems across the CFR.  The results of previous 

studies suggest that it may also include undescribed cryptic species, and its ubiquity in 

the CFR makes it an excellent model species for studying the biogeographic processes 

that generate endemic species in coastal river systems. 

After collecting a large number of specimens and tissue samples from across the 

geographic range of S. capensis, the first step was to obtain mitochondrial and nuclear 

DNA sequences and produce a molecular phylogeny and haplotype network.  Based on 

these results I hypothesized that S. capensis sensu lato is actually comprised of three 

cryptic species: Sandelia sp. [West Coast], Sandelia sp. [Klein River], and Sandelia sp. 

[South Coast].  Using fossil calibrations I generated a dated phylogeny which provided 

divergence times for the three putative species and the various lineages within them.  The 

divergence times and phylogeographic patterns were then compared to the history of 

geology, climate, and sea level to evaluate the relative significance of four biogeographic 

processes in driving the evolution and distribution of S. capensis lineages.  The results 

indicate that the distribution of lineages is most consistent with a history of rare 

transdivide dispersal by river captures with a smaller role for dispersal via paleoriver 

confluences during low sea levels brought about by the Pleistocene glacial periods.  Due 

to the narrow and steep continental shelf along the coast west of Cape Agulhas (the 

southern extreme of Africa) and north of the Cape of Good Hope, paleoriver dispersal 

was only likely to the east where the continental shelf is wide.  However, S. capensis 



 

apparently did not use some paleoriver confluences, possibly because of intervening 

paleowaterfalls or fast currents.  The divergence of the cryptic species, and the lineages 

within them, is mostly due to long isolation within coastal river systems.  This isolation 

was maintained by the marine environment, the paucity of usable paleoriver confluences, 

and persistent drainage divides due to the relatively stable geology and dry climate which 

limit river capture events.  There was little support for the influence of marine 

transgressions which could have isolated populations in tributaries by drowning the 

confluences between them. 

The second phase of this research was an analysis of morphological variation 

based on linear morphometrics, meristics, and geometric morphometrics.  The goal was 

to determine whether morphology supported the species hypotheses, and to discover 

diagnostic characters.  While there was statistical and diagnostic support for all three 

species, the differences were very subtle.  There was more variation within species than 

between them.  The fact that 35–40 linear measurements, or 20 meristic counts, were 

needed in the discriminant functions indicated very strong morphological stasis.  The 

relatively stable geomorphology and climate, the broad niche of S. capensis sensu lato, 

and the dearth of fish competitors and predators, point to niche conservatism as the most 

likely explanation for the cryptic nature of the three putative species. 

Finally, in a revision of S. capensis sensu lato, I describe Sandelia sp. [Klein 

River] from the 980 km2 Klein River basin, Sandelia sp. [West Coast] from the Langvlei, 

Verlorenvlei, Berg, and Diep river systems on the west coast, and Sandelia [South Coast] 

from drainages on the south coast other than the Klein River system.  I also evaluate the 

conservation implications of this revision.  Considering population losses already brought 



 

about by alien bass and trout, water extraction, and habitat degradation, I recommend 

prompt population assessments and strong protection, particularly for Sandelia sp. [Klein 

River] and Sandelia sp. [West Coast]. 
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Chapter 1: General Introduction  
 
 
 
INTRODUCTION 

 

Freshwater systems can be hotspots of vertebrate diversity but they are also 

hotspots for human activities that heavily impact fishes through habitat degradation, 

introduction of invasive species, water extraction, flow regulation, pollution, and 

commercial overexploitation (Bruton 1995, Duncan and Lockwood 2001, Dudgeon et al. 

2006, Helfman 2007, Helfman et al. 2009).  Freshwater fishes around the world are under 

siege from human impacts in what has been called the “quiet crisis” of extinctions and 

endangerment that is largely invisible to public awareness (Harrison and Stiassny 1999).  

The International Union for the Conservation of Nature (IUCN) Red List of Threatened 

Species lists 2,889 fish species (marine and freshwater) as vulnerable, near threatened, 

endangered, or critically endangered, and 65 species (all from freshwater) as extinct 

(IUCN 2016).  However, 3,193 species were listed as data deficient and about 18,700 

species (55% of all fish species) have not even been evaluated.   

 As for any taxon, effective conservation of freshwater fishes depends heavily on 

taxonomy, the “science underpinning conservation” (House of Lords 2002, Mace 2004, 

Reid 2010).  To conserve a species (or subspecies or evolutionary significant unit) a 

variety of information is either necessary or beneficial, including but not limited to 

geographic range, population size and trend, natural history, ecology, genetic variation, 

and human impacts.  However, all of this information depends on knowing the taxonomic 
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boundaries of the species in question.  As mammalogists Mares and Braun (2000) put it, 

“If you do not know the species, you know nothing.”    

 Too little taxonomy too late can conceal the true impact of human activities and 

result in the needless endangerment of species.  This is especially true when cryptic 

species diversity is discovered within an already endangered species (Bickford et al. 

2007).  For example, the European Common Skate (Dipturus batis (Linnaeus 1758)) was 

already endangered from commercial fishing when it was recently split into two species, 

each suddenly more endangered than before because of the resulting smaller population 

sizes (Iglesias et al. 2010).  The Elegant Madtom (Noturus elegans Taylor 1969) was 

considered Least Concern by the IUCN Red List when Burr et al. (2005) discovered that 

it contained two new species: the Saddled Madtom (N. fasciatus) and Chucky Madtom 

(N. crypticus), which were subsequently determined to be Endangered and Critically 

Endangered, respectively.  The ultimate tragedy of taxonomic ignorance is the occurrence 

of so-called Centinelan extinctions ! the loss of a species before it is recognized or 

described (Wilson 1992).  Of the 17 species of recently extinct freshwater fishes in the 

United States, 8 were not described until after they were already extinct (Bronaugh 

2006).  

Clearly, what we don’t know of freshwater fish taxonomy can hurt freshwater fish 

biodiversity; and what we don’t know of freshwater fish taxonomy is still considerable.  

Contrary to common perception, we are in a “new age of [species] discovery” fueled by 

intensive exploration of biodiversity frontiers (Donoghue and Alverson 2000); advances 

in technology such as geographic information systems, bioinformatics, and DNA 

sequencing; and a more integrative approach (Padial et al. 2010).  Over the last 20 years, 
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ichthyologists have described well over 7,000 new freshwater fish species (Eschmeyer 

and Fricke 2011, Eschmeyer et al. 2016).  Thus, the Linnaean shortfall, the gap between 

the number of freshwater fish species currently recognized and the number that actually 

exists, (Brown and Lomolino 1998) remains significant for freshwater fishes and prevents 

proper conservation of unrecognized species.  Even when the species is known, the 

Wallacean shortfall—the gap in knowledge of the geographic range of species (Lomolino 

et al. 2004)—hampers evaluation of the conservation status of species that informs 

conservation efforts and priorities (Whittaker et al. 2005, Bini et al. 2006). 

Naturalists attempting to address these shortfalls have often employed a 

biogeographic approach, even when simply exploring the taxonomically blank spaces on 

a map.  The urgency of the biodiversity crisis warrants a more sophisticated, 

biogeographically-informed search strategy.  Ideally, the strategy could be used for 

predicting the presence of new species, particularly cryptic ones hidden by morphological 

similarity (Bickford et al. 2007), and endemism.  A high degree of endemism is often 

used to identify biodiversity hotspots or ecoregions for global priorities in conservation 

(Meyers et al. 2000, Olson and Dinerstein 2002).   

When human impacts, endemic cryptic species, and the Linnean shortfall all come 

together in space and time, the potential for extinction is high.  This may be the case in 

coastal river systems isolated between the ocean and coastal mountains.  Coasts are 

magnets to intensive human activities and impacts.  Various biogeographic factors may 

produce sufficient isolation of fish populations to generate endemic species, while the 

ecological similarity of coastal river systems may minimize adaptive selection pressure 

and effect morphological stasis.  The result is cryptic species that may have escaped the 
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notice and attention of naturalists and conservationists.  In this case, the Linnean shortfall 

not only keeps those cryptic species hidden, it also obscures an endemism hotspot and 

increases the odds that those species slide invisibly into endangerment and Centinelan 

extinction. 

The research herein focuses on one coastal region where these taxonomic, 

conservation, and biogeographic issues come together: the coastal river systems of the 

Cape Floristic Region (CFR) of South Africa.  Like other coastal drainages, those of the 

CFR are depauperate in primary freshwater fish species but their level of endemicity is 

very high.  The Cape Kurper, Sandelia capensis (Cuvier 1829), is one of the few fishes 

with a geographic range that covers most of the CFR.  We use this species as a case study 

to: (1) examine how and which biogeographic processes have resulted in the current 

distribution of S. capensis lineages; (2) conduct a phylogenetic analysis to develop 

hypotheses for possible endemic cryptic species; (3) evaluate its morphological variation 

for support of those species hypotheses; (4) revise S. capensis and describe any new 

species; and (5) evaluate the conservation implications of the new taxonomic 

arrangement. 

 

Study area: the Cape Floristic Region, South Africa 
 

The Cape Region of South Africa is famous for encompassing the smallest of the 

world's six floristic kingdoms, the Cape Floristic Kingdom, more commonly referred to 

by its single floristic region, the Cape Floristic Region (CFR).  It has the second greatest 

plant species richness and endemism in the world (Linder 2003, Linder et al. 2010) with 
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9000 species, 6200 of which are endemic (NatureServe 2010).  In contrast, according to 

traditional taxonomy, the rivers of the CFR contain only 19 species of native primary 

freshwater fishes.  Although the number of species per river system is low (2-10 species) 

(Skelton 2001, Swartz et al. 2009), the percentage of endemism is quite high (84.2%).  

The native primary freshwater fishes of the CFR include rock catfishes 

(Austroglanididae, 2 species of Austroglanis Skelton et al. 1984), barbs (Cyprinidae, 15 

species of Barbus Cuvier and Cloquet 1816, Labeo Cuvier 1816, and Pseudobarbus 

Smith 1841), the Cape Galaxias (Galaxiidae, Galaxias Cuvier 1816), and the Cape 

Kurper (Anabantidae, Sandelia Castelnau 1861).  However, recent molecular studies 

suggest additional species diversity within the only widespread genera of the CFR: 

Galaxias (Wishart et al. 2006), Pseudobarbus (Swartz et al. 2007, Swartz et al. 2009), 

and Sandelia (Roos 2004).  If new species in these genera are eventually recognized, the 

level of endemism for primary freshwater fishes of the CFR will be even higher.  

The freshwater fishes of the CFR have also been the subject of a number of recent 

phylogeographic studies.  Swartz et al. (2004, 2007, 2009, 2014) have illuminated the 

biogeographic histories of the redfin minnows (Pseudobarbus), and Chakona et al. 

(2013a, 2013b, 2015) have sought to explain phylogeographic patterns within Galaxias, 

Pseudobarbus, and Sandelia capensis.  In addition, phylogeographic studies have 

examined other obligate freshwater organisms in the CFR including Potamonautes 

MacLeay 1838 freshwater crabs (Phiri and Daniels 2014) and Mesamphisopus Nicholls 

1943 isopods (Gouws et al. 2010).  Because the largescale geomorphology of the CFR 

has been relatively stable since before these fishes evolved, most of the discussions in 

these papers revolve around the influence of dispersal and isolation as drivers of 
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allopatric speciation.  Dispersal between currently isolated river systems in the CFR may 

have been via river capture or some other stream dynamic, flooding events, the 

confluences of paleorivers during periods of low sea level, or human translocation.  The 

long-term isolation of populations may have been maintained by persistent drainage 

divide barriers, the ocean environment, ecological intolerances, hydrological barriers like 

waterfalls, and the vicariance of tributaries by high sea levels.  Overall, the coastal river 

systems of the CFR comprise a complex system that is best understood by comparison of 

many studies of co-distributed taxa. 

 

Study organism: Sandelia capensis (Cuvier 1829) 
 

Sandelia capensis is a member of the family Anabantidae (Anabantiformes), often 

called the climbing gouramies because Daldorf (1797) erroneously believed they could 

climb after finding a live one (Anabas testudineus (Bloch 1792)) five feet off the ground.  

The fact that he found it out of water, however, is not surprising because anabantids have 

accessory air-breathing labyrinth organs located above the gill chambers, and the ability 

to ambulate with their spread pectoral fins up to 180 m overland in one night (Pinter 

1986).  More often, the labyrinth organ is used in low oxygen aquatic habitats.  The 

anabantids are also known for their diverse breeding behaviors including free-spawning, 

substrate spawning, plant nest building, bubble nesting, and mouthbrooding (Rüber et al. 

2006).   

Currently, the anabantids consist of 32 recognized species in four genera.  They 

have a disjunct distribution with Anabas Cloquet 1816 in southeast Asia, and Ctenopoma 
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Peters 1844, Microctenopoma Norris 1995, and Sandelia in Africa (Berra 2007).  

Sandelia is endemic to the temperate zone in the Cape Region of South Africa while 

Ctenopoma and Microctenopoma are in the African tropics and subtropics, and separated 

from Sandelia by a gap of at least 700 km.  Sandelia consists of two species: the Cape 

Kurper, S. capensis of the CFR, and, allopatrically, the Eastern Cape Rocky, S. bainsii 

Castelnau 1861 in coastal streams just to the east of the CFR.  Sandelia is differentiated 

from other African anabantids by their greatly reduced labyrinth organ (reflecting their 

temperate, more oxygenated habitat), substrate spawning with male parental care, cycloid 

scales, their subtemperate range, and other morphological and osteological characters 

(Norris 1994b, Skelton 2001).  Phylogenetic analysis based on mtDNA indicates that 

Sandelia split off from its sister group (Ctenopoma multispine Peters 1844 species group) 

in the late Oligocene, about 23 Ma (Rüber et al. 2006).  Sandelia capensis and S. bainsii 

have long been considered sister taxa and treated as a monophyletic group, and the alpha 

taxonomy of the genus has been stable (Norris 1994b).  S. capensis has numerous black 

spots and lines, especially radiating from the eye, 14 or fewer dorsal-fin spines, and a 

lack of contact organs.  In contrast, S. bainsii has relatively few marks other than a wide 

dark gray bar behind the eye and a stripe under the eye slanting downward posteriorly, 15 

or more dorsal-fin spines, much smaller scales above and below than on the sides, and 

contact organs behind the eye of males (Cambray 1980, Skelton 2001). 

  Whereas molecular evidence suggests that Sandelia is sister to the Ctenopoma 

multispine species group (which also includes C. nigropannosum Reichenow 1874 and C. 

pellegrini (Boulenger 1902); Norris 1994, Rüber et al. 2006), the biogeographic origin of 

Sandelia is unknown due to the paucity of anabantoid fossils, and the absence of 
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anabantid fossils.  There are several reasons why Sandelia likely populated the CFR from 

the east.  (1) Annual rainfall increases from west to east and then north along the South 

Africa Coast while rainfall decreases northward along the Atlantic coast.  (2) Ctenopoma 

and Microctenopoma, the closest relatives of Sandelia, are geographically closest, by far, 

in coastal streams 700 km to the northeast compared to over 2200 km in the west.  (3) 

The West Coast and South Coast clades of S. capensis split long after (16.6 Ma, see 

Chapter 2) the S. capensis/S. bainsii split and a west to east route would require a more 

complicated scenario (e.g., west to east spread of Sandelia across the Cape Fold 

Mountains, extinction of populations west of the divide, then an east to west dispersal 

back across the divide, plus extinction of Sandelia in the Olifants River where it is not 

currently native but has been successfully introduced). 

  Sandelia capensis was described in 1829 as Spirobranchus capensis (Cuvier 

1829).  Only three other currently synonymized forms have been named: Diacopoma 

typicoides Smith 1832 and D. typicus Smith 1832, and Anabas vicinus Boulenger 1916.  

Although it reaches a standard length of around 200 mm, most adults are somewhat 

smaller.  Sandelia capensis is endemic to the CFR in coastal streams from the Langvlei 

River on the west coast to the Coega River in the east.  Currently, it is also found in the 

Olifants River system in the northwestern CFR but these populations will not be a part of 

this study because they were artificially introduced outside the natural geographic range.  

 Cape Kurpers are very hardy and can survive in a variety of habitats from cool, 

clear, moderately swift, well-oxygenated mountain streams to turbid, poorly oxygenated 

stagnant pools, and in waters that are acidic, alkaline, muddy, or up to 32ºC (Harrison 

1952).  They are found at elevations from sea level to over 450 m (Bronaugh, Chapter 4).  
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Breeding takes place in the summer when the males darken and their gular region and 

fins turn black (Cambray 2004).  Unlike other African anabantids that make bubble nests 

or are free spawners, S. capensis males employ a simplified courtship without the typical 

U bend embrace of the female, and they aggressively defend a spawning site and the 

eggs, which are demersal and adhesive (Cambray 2004).  Cape Kurpers generally prefer 

slow currents or still pools and feed on a variety of small fish, insects, and other 

invertebrates (Harrison 1952).

 Many native, often endemic, freshwater fishes of the Cape Region are threatened 

with extinction due primarily to the usual suspects of invasive alien fish predators and 

competitors, and habitat alteration or destruction by human activities (Impson et al. 

2002).  Currently, the IUCN lists 13 of the 19 primary freshwater fishes of the CFR as 

threatened (3 vulnerable, 8 endangered, 2 critically endangered) (IUCN 2016).  Although 

it is widely distributed and has some healthy populations, S. capensis is listed as data 

deficient with the comment that several “lineages will be threatened with extinction, but 

no reliable assessment can be made without understanding the distribution and taxonomic 

status of these lineages” (Swartz and Impson 2007)  Specific threats include poor water 

quality, water abstraction, intentionally introduced Largemouth (Micropterus salmoides 

(Lacepède 1802)) and Smallmouth bass (M. dolomieu Lacepède 1802)) (Cambray 2002). 

 
 
Objectives 
 

 This dissertation is organized into three separate studies.  We begin in Chapter 2 

with a phylogenetic analysis of Sandelia capensis, using mitochondrial and nuclear 
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markers, in order to confirm the existence and determine the geographic boundaries of 

previously identified lineages (Roos 2004, Chakona et al. 2013a) that may represent full 

species.  We also use these data to examine the phylogeography of major and minor 

lineages and generate a time-calibrated phylogeny, dated with fossils of related taxa.  The 

divergence times and relatedness of the various lineages are then compared to the history 

of geomorphology, climate, and sea levels to evaluate four biogeographic processes that 

could explain the current phylogeographic patterns.  Speciation and divergence of 

populations in freshwater fishes is most often attributed to a dispersal or vicariant event 

that divided the ancestral populations into allopatric ranges, followed by a long period of 

isolation that promotes divergence into separate lineages (Futuyma 1998, Lomolino et al. 

2010).  Paleoriver dispersal would have allowed S. capensis to move between currently 

isolated river systems by using paleoriver confluences during glacial periods when sea 

levels were as low as 130 m below current sea level.  Alternatively, S. capensis could 

have used transdivide dispersal in the form of river captures, flooding events, and varying 

flow directions in areas of low relief.  Coastal drainage Isolation sufficient to promote 

divergence could have been achieved by persistent drainage barriers, hydrological 

barriers, the marine environment, and/or factors intrinsic to S. capensis.  Alternatively, 

marine transgression isolation in the Miocene-Pliocene could have separated populations 

in different tributaries of the same river system through vicariance by drowning their 

confluence.  Finally, we compare our evaluation of these processes with the conclusions 

of other biogeographic studies mentioned above.  

 In Chapter 3, we examine morphological variation within S. capensis sensu lato.  

Our primary goal is to see if there is morphological support for Sandelia sp. [West 
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Coast], Sandelia sp. [Klein River], and Sandelia sp. [South Coast], the three putative 

species we identify in Chapter 2 with molecular data and allopatric distributions.  Second, 

we sought diagnostic features that could be used in the species descriptions in Chapter 4 

and make non-molecular identification of specimens possible.  To do so, we gathered and 

analyzed linear morphometric, geometric morphometric, and meristic data.  After finding 

more variation within than between species, we attempt to explain why, after such long 

periods of isolation, the three species experienced morphological stasis.

 Finally, in Chapter 4 we revise the taxonomy of Sandelia capensis sensu lato.  In 

the process, we describe or redescribe each well-supported species, attempt to determine 

which species Cuvier’s syntypes belong to, and apply proper nomenclature.  Finally, we 

assess the conservation implications of this revision and make IUCN Red List 

conservation status recommendations.

 Taken together, these studies (1) shed light on the biogeographical history of 

Sandelia capensis sensu lato specifically, and obligate freshwater organisms in general; 

(2) eliminate the Linnean and Wallacean shortfalls for S. capensis sensu lato; (3) increase 

the “temperature” of an aquatic endemism hot spot; and (4) reduce the possibility of 

Centinelan extinction and improve the odds that these little fish will survive human 

impacts.  Ideally, this project will also inspire the discovery of other cryptic and 

potentially threatened fishes in similar coastal river systems around the world. 
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Chapter 2: Between an Ocean and a High Place: 
Coastal Drainage Isolation Generates Endemic Cryptic Species in  
Sandelia capensis (Cuvier 1829) (Anabantiformes: Anabantidae),  
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ABSTRACT 
 

The relatively small and isolated coastal river systems of the Cape Floristic 

Region (CFR) of South Africa harbor few obligate freshwater organisms but the level of 

endemism is high.  Recent studies have revealed additional, cryptic species within some 

of these taxa, and invoked a variety of processes to explain their current biogeography.  

To improve our understanding of this system, we investigated the range wide 

phylogenetics and biogeography of the Cape Kurper Sandelia capensis (Cuvier 1829), a 

primary freshwater fish endemic to, and widespread within, the CFR.  We sequenced two 

mitochondrial and two nuclear genes and analyzed them with haplotype networks and 

maximum likelihood and Bayesian phylogenetics.  We hypothesized that divergences 

within S. capensis sensu lato likely occurred because of (1) isolation of coastal drainages 

by persistent drainage divides and/or (2) vicariance of current tributaries by the drowning 

of their confluences by high sea levels.  The current distribution of lineages could be due 

to historical range expansion and gene flow via (1) river capture or some other mode of 

transdivide dispersal, and/or (2) dispersal during periods of low sea level via paleoriver 

confluences of currently isolated coastal rivers.  We evaluated the influence of these four 

processes by comparing estimated divergence times, and phylogeographic patterns of 

genetic lineages, with the timing of climatic, geological, and geomorphological events.  

Our results confirmed the existence of three reciprocally monophyletic, allopatric clades 

with deep divergences indicative of species.  The West Coast Clade is largely confined to 

the Langvlei, Verlorenvlei, Berg, and Diep rivers, the Klein River Clade is endemic to the 

Klein River, and the South Coast Clade is found everywhere else in the range of S. 

capensis sensu lato.  Overall, we found that long-term coastal drainage isolation, 
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punctuated by rare transdivide dispersal events and limited paleoriver dispersal, best 

explains the generation and distribution of genetic lineages within S. capensis sensu lato.  

We identify several sites where biogeographic patterns have likely been confounded by 

human translocation of S. capensis.  By virtue of their smaller population sizes and 

geographic ranges, the three putative species, especially those from the Klein River and 

West Coast, may be more threatened than S. capensis sensu lato by the existing impacts 

of alien fishes, water extraction, poor water quality, and the loss of genetic integrity.  The 

preponderance of cryptic diversity and endemism in the CFR suggests that undescribed 

cryptic species of obligate freshwater organisms may be found in short coastal river 

systems around the world, especially in regions with a history of geological stability and 

a narrow continental shelf. 

 

INTRODUCTION    
 

Endemic species of ecologically disparate islands or island-like environments 

often evolve local adaptations in the form of diagnosable morphological characters (Pratt 

2005, Losos and Ricklefs 2009, van der Geer et al. 2010, Lomolino et al. 2013).  

However, there is little selection pressure to drive morphological change in endemic 

species that evolved in ecologically similar islands or island-like environments.  For 

example, sister species of obligate freshwater fishes in adjacent coastal drainages may be 

cryptic in spite of long isolation and deep genetic divergence.  Increasingly, molecular 

studies reveal new endemic, cryptic species in coastal streams (Bloomer and Impson 

2000, Gouws et al. 2004, Cook et al. 2006, Apte et al. 2007, Swartz et al. 2009, Unmack 

et al. 2011, Chakona and Swartz 2013, Hammer et al. 2014, Raadik 2014).  These 
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discoveries suggest that short, coastal streams, while often depauperate in species 

richness, likely represent an important and underappreciated discontinuous hotspot of 

endemism.  Elucidating how coastal mountain systems generate these endemic species 

may help guide the discovery of unknown, and potentially threatened, aquatic diversity 

around the world.   

Herein, we provide molecular evidence of cryptic species within the current 

taxonomic concept of the Cape Kurper Sandelia capensis (Cuvier 1829), a primary 

freshwater anabantid fish endemic to river systems associated with the Cape Floristic 

Region (CFR) of South Africa.  We also evaluate several biogeographical hypotheses that 

could explain the diversification, genetic structure, and biogeography of those species 

and their major historically isolated lineages.  Finally, we highlight the conservation 

implications of this study for the S. capensis complex.  

The CFR is a globally important biodiversity hotspot (Mittermeier et al. 1998, 

Myers 2000), an Endemic Bird Area (Stattersfield et al. 1998), a Global 200 Ecoregion 

(Olson and Dinerstein 2002), and it is famous for its 9000 plant species, of which 70% 

are endemic (Goldblatt and Manning 2002).  In contrast, the Cape Fold Freshwater 

Ecoregion (Abell et al. 2008), whose boundaries closely match the CFR, has few aquatic 

species (e.g., 25 stoneflies, 119 caddisflies, 10 isopods, 19 primary freshwater fishes), but 

the level of endemism is high (96%, 71%, 100%, and 84%, respectively; de Moor and 

Day 2013).  Recent molecular studies have revealed undescribed cryptic species of 

freshwater crabs (Phiri and Daniels 2014), isopods (Gouws et al. 2004), and fishes in the 

genera Pseudobarbus Smith 1841 (Swartz et al. 2009, Chakona and Swartz 2013) and 

Galaxias Cuvier 1816 (Wishart et al. 2006), so the actual level of endemism is even 
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higher.  Other than Galaxias sp., Sandelia capensis is the only widespread primary 

freshwater fish in the CFR and it has only been the subject of preliminary (Roos 2004) or 

geographically limited (Chakona and Swartz 2013) phylogenetic and phylogeographic 

studies based on mitochondrial DNA.  However, both studies identified genetic lineages 

that exhibited sequence divergences commonly associated with distinct species.  We 

extend this research by sampling populations likely to have been historically isolated, 

including all known mtDNA lineages, across the entire geographic range of the species 

with both mitochondrial and nuclear DNA markers.   

Since the phylogeographic history of primary freshwater fishes is often tied to 

drainage history (Berra 2007, Lévêque et al. 2008), biogeographic hypotheses can be 

refined by knowledge of the species’ current distribution and time of origin, and the 

history of geography, geology and climate in its region.  The Great Escarpment in the 

north, and the ocean in the west and south, limit the geographic range of Sandelia 

capensis, while the Cape Fold Mountains dominate the topography of the interior (Figure 

2.1).  The Gourits and Gamtoos rivers cut through the Cape Fold Mountains and drain 

interior basins to the Great Escarpment.  Most other major rivers of the west and south 

coasts originate in the Cape Fold Mountains, while numerous smaller drainages are 

confined to coastal areas.  The current topography and major drainage systems of the 

CFR were essentially established by the start of the Cenozoic (66 Ma) (Hendey 1983), 

and the oldest possible origin of S. capensis is estimated to be 31 Ma, based on a time-

calibrated phylogeny of anabantoids (Rüber et al. 2006).  Therefore, the lineage never 

experienced drastic changes in the CFR landscape except for two minor periods of 

widespread uplift detailed below, so vicariance by uplift can be ruled out.  However, 
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while S. capensis was diversifying, the climate of the CFR alternated between cool, dry 

periods (Zachos et al. 2001, Cowling et al. 2009) which could have promoted isolation of 

freshwater systems, and warm, wet periods, which could have increased the likelihood of 

dispersal by floods and river captures.  Also, the lower stretches of CFR coastal streams 

were modified by sporadic changes in sea level (Siesser and Dingle 1981, Miller et al. 

2005).  

In this study we evaluate the support for four biogeographic hypotheses (modified 

from Chakona et al. 2013a,b) to explain the diversification and distribution of S. 

capensis.  (1) Coastal Drainage Isolation and (2) Marine Transgression Isolation promote 

the isolation and genetic divergence of populations.  (3) Paleoriver Dispersal and (4) 

Transdivide Dispersal promote range expansion and gene flow between formerly isolated 

populations. 

The Coastal Drainage Isolation hypothesis (Figure 2.2a) holds that the current 

drainage boundaries have been sufficiently stable over evolutionary time to strongly limit 

or prevent dispersal and gene flow between populations of different coastal drainages.  

This isolation would have been bolstered by the relatively stable geology of the CFR and 

the presence of hydrological, ecological, or behavioral barriers to successful dispersal via 

paleoriver confluences during low sea levels.  Dry periods would have enhanced isolation 

because less frequent erosion of drainage divides and flooding would have provided 

fewer opportunities for dispersal.  In the CFR, the climate was relatively dry throughout 

most of the Oligocene (34–26 Ma), the middle Miocene through the Pliocene (15–2.58 

Ma), and during the numerous glacial periods of the Pleistocene (Zachos et al. 2001, 

Cowling et al. 2009). The Coastal Drainage Isolation hypothesis would be supported by 
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deep sequence divergences between populations of currently separate coastal drainage 

systems.  Those divergences should be much older than the last glacial maximum (LGM) 

when low sea levels allowed some of those drainage systems to join. 

Marine Transgression Isolation (Figure 2.2b) occurs when a rising sea level 

drowns lower stretches of coastal rivers and truncates tributaries with confluences below 

the highstand.  Fish populations above the truncations would be isolated and could 

diverge if the transgression lasts long enough.  This effect of Marine Transgression 

Isolation would most likely be observed in larger river systems such as the Breede and 

Gourits.  Short, low elevation coastal drainages that were nearly or completely inundated 

by a marine transgression would have lost their primary freshwater fish fauna entirely.  In 

the CFR, the only period that was dominated by major marine transgressions began in the 

middle Miocene, peaked in the Early Pliocene (ca. 5.3–3.6 Ma) with a highstand around 

+200 m, and ended in the Late Pliocene (3.6–2.58 Ma) (Thwaites and Jacobs 1989).  The 

subsequent Pleistocene experienced multiple transgressions and regressions in response 

to the glacial cycles but no transgressions exceeded 30 m (Butzer and Helgren 1972, 

Rogers 1985).  If Marine Transgression Isolation played a major role, there should be 

multiple genetic lineages in the larger river systems, their divergences should coincide 

with the Miocene-Pliocene marine transgression, and their geographic ranges should 

correspond to basins isolated by the highstand.  Short coastal river systems should not 

harbor endemic lineages older than the Late Pliocene. 

The Paleoriver Dispersal hypothesis (Figure 2.2c) maintains that during marine 

regressions the extended lengths of coastal rivers would allow some of them to coalesce 

before reaching the lower, more distant coastline.  This could have provided an 
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opportunity for gene flow between currently isolated coastal stream populations.  Based 

on bathymetry and studies of offshore sediment stratigraphy (Dingle and Rogers 1972, 

Birch 1980, Dingle et al. 1987), Swartz et al. (2009) reconstructed the paleorivers for the 

LGM regression (Figure 2.1).  In their analysis of long-term sea-level trends along the 

southern African coast, Siesser and Dingle (1981) identified a marine regression from the 

early Oligocene to the middle Miocene (ca. 37–15 Ma).  After the middle Miocene-Early 

Pliocene marine transgression, the CFR experienced multiple marine regressions during 

interglacial periods.  The last of four major regressions during the Pleistocene occurred 

around 18,000 BP during the LGM and had a low point of about 130 m below current sea 

level (Rogers 1985, Ramsay and Cooper 2002).  If S. capensis populations successfully 

used paleoriver connections then there should be shallow, post-LGM divergences 

between populations in now isolated tributaries of paleorivers, and deep divergences 

between populations of different paleoriver systems. 

The Transdivide Dispersal hypothesis (Figure 2.2d) refers to any process that 

allows obligate freshwater organisms to move between normally isolated drainage basins. 

Geomorphological processes, including stream capture, varying directions of flow in low 

relief areas, episodic flow regimes at adjacent headwaters of two axial streams, and 

flooding across low drainage divides, can facilitate the transfer of primary freshwater 

fishes between otherwise isolated drainage systems (Bishop 1995, Craw et al. 2007,  

Burridge et al. 2008).  Opportunities for Transdivide Dispersal would have been greater 

from the late Oligocene to the middle Miocene (26–15 Ma) when Greenhouse, mesic 

conditions prevailed (Zachos et al. 2001, Cowling et al. 2009).  By increasing 

topographic gradients that promote erosion and affect stream flow regimes, two periods 
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of tectonic activity in the CFR could have enhanced the possibility of Transdivide 

Dispersal.  The Miocene Post-African I uplift (22 Ma) raised the CFR up to 100 m in the 

west and 200 m in the east, and the Pliocene Post-African II uplift (5.3–2.6 Ma) raised 

the CFR up to 150 m in the west and 200 m in the east, (Partridge and Maud 1987, 2000, 

McCarthy and Rubidge 2005).  The Transdivide Dispersal hypothesis would be supported 

if closely related populations inhabit adjacent drainages unlikely to have coalesced during 

low sea levels.   

The study of historical biogeography is hampered by the inability to directly 

observe historical events or manipulate them in an experiment.  These obstacles have 

often encouraged an inductivist approach — studying current patterns first and then using 

them to infer the processes that created them — that lacks rigor (Crisp et al. 2011).  

However, biogeographic hypotheses can still be evaluated with empirical data (such as 

the known history of climate and geography used here) that are independent of the data 

(DNA sequences) used to infer the phylogenetic patterns.  To assess support for each of 

our four hypotheses, we sequenced DNA from specimens of S. capensis from across its 

range, inferred a phylogeny, estimated divergence times of genetic lineages, and 

compared the resulting historical phylogeographic pattern with the timing of climatic, 

geological, and geomorphological events.  Reflecting the connections between 

biogeography, taxonomy, and conservation (Whittaker et al. 2005), we also identify 

potential cryptic species within S. capensis sensu lato, and assess the consequent 

conservation implications. 

  



 
 
 
 

 

25 

MATERIALS AND METHODS 

Taxon sampling 
 

From February 8 to March 1, 2012, we collected 768 Sandelia capensis 

specimens from 31 sites distributed to include all known mitochondrial DNA lineages 

(Roos 2004, Chakona et al. 2013a) across the entire native geographic range (Figure 2.3, 

Table 2.1).  Fish were captured by seine netting, dip netting, and electrofishing, and 

euthanized by overexposure to an aqueous solution of tricaine methane sulfonate (MS-

222, approximately 2g/L), buffered to neutrality with sodium bicarbonate.  After 

euthanization, we preserved small plugs of muscle tissue, or whole small juveniles, in 

95% ethanol for up to 15 specimens/site (total number of tissue samples = 234).  Voucher 

specimens were fixed in a 10% formalin solution and stored in 70% ethanol.  These 

collections and procedures were approved by the Institutional Animal Care and Use 

Committee at Oregon State University (ACUP 4283) and a CapeNature review panel 

(permit AAA-004–000205–0035).  All whole specimens and tissue samples were 

deposited in the national fish collection at the South African Institute for Aquatic 

Biodiversity (SAIAB) in Grahamstown, South Africa.  For outgroups (Table 2.2) we 

borrowed tissues from collections for the only other species in Sandelia (S. bainsii) and 

the only other African anabantid genera (Ctenopoma multispine Peters 1844, 

Microctenopoma intermedium (Pellegrin 1920), Microctenopoma nanum (Günther 

1896)).  To incorporate fossil species for a time calibrated phylogeny of S. capensis we 

used cytochrome b and/or COI sequences from GenBank for Belontia hasselti (Cuvier 

1831), B. signata (Günther 1861), Osphronemus septemfasciatus , O. exodon Roberts 
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1994, O. goramy Lacepède 1801, Channa maculata (Lacepède 1801), Parachanna 

insignis (Sauvage 1884), and Synbranchus marmoratus Bloch 1795 (Table 2.3). 

 

DNA extraction, polymerase chain reaction, and sequencing 
  

Total genomic DNA was extracted with a modified NaCl protocol (Lopera-

Barrero et al. 2008) from tissues of 1–15 individuals from each collection site for a total 

of 101 samples. Initially, we amplified the protein coding mitochondrial cytochrome b 

and cytochrome c oxidase subunit I (COI) genes for nearly all samples.  We then 

conducted pilot studies of 7 nuclear loci to identify two independent markers that evolved 

at slower rates yet still contained parsimony-informative positions: nuclear intron 1 of the 

S7 ribosomal protein gene (Chow and Hazama 1998), and nuclear intron 4 of calmodulin, 

a calcium binding protein gene (Chow 1998).  Based on the major clades identified in a 

preliminary maximum likelihood (ML) phylogenetic analysis of the mitochondrial data, 

we amplified a subsample of 41 individuals for Calmodulin-4 and S7 (8–14 individuals 

per clade for each locus; Table 2.1).  Adding genes for subsets of taxa has been shown to 

improve phylogenetic estimation without inferring artificial groups (Cho et al. 2011). A 

few amplifications were unsuccessful resulting in final sample sizes of 100 for 

cytochrome b and COI, 38 for Calmodulin-4, and 34 for S7 (Table 2.1).  Primers for all 

loci sequenced appear in Table 2.4. 

Each 15 µl volume polymerase chain reaction (PCR) contained 1.0 x reaction 

buffer, 0.2 mM dNTPs, 0.5 units of PlatinumTaq (Invitrogen), 0.5 µM of each primer, 

and an amount of MgCl2 depending on the marker (1.5 mM for COI and Calmodulin-4, 

2.0 mM for S7, and 2.5 mM for cytochrome b).  The reaction conditions for cytochrome 
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b comprised an initial denaturation at 94ºC for 10 min; then 35 cycles of 94ºC for 30 s, 

annealing at 55ºC for 30 s, and extension at 72ºC for 45 s; and a final extension at 72ºC 

for 5 min.  Similar protocols were used for the other markers except the annealing 

temperatures were 52ºC, 58ºC, and 62ºC for COI, calmodulin-4, and S7, respectively.  

Success of PCRs was determined by agarose gel electrophoresis.  An Omega Bio-tek 

E.Z.N.A.® Gel Extraction Kit was used for a few samples that produced multiple bands. 

After purification with ExoSAP (Hanke and Wink 1994), PCR products were 

sequenced in both directions with BigDye Terminator v.3.1 Cycle Sequencing on an ABI 

3730 automated sequencer at Oregon State University’s Core Labs, Arizona State 

University’s Biodesign Institute, or Macrogen Inc. in Seoul, South Korea.  Due to the 

failure of DNA extraction from the Riviersonderend sample, we incorporated two 

previously published (Chakona et al. 2013a) cytochrome b sequences from the same 

locality (GenBank accessions: KF222885.1, KF222886.1).  Forward and reverse 

sequences were edited and combined into consensus sequences in Geneious v6.1.5 

(Drummond et al. 2013).  Sequences of cytochrome b, COI, S7, and Calmodulin-4 are 

provided in Supplementary Files S2.1, S2.2, S2.3, and S2.4, respectively.  Consensus 

sequences were aligned with MUSCLE (Edgar 2004) in Geneious using the default 

settings with misalignments corrected by eye, and the alignments are provided in 

Supplementary Files S2.5, S2.6, S2.7, and S2.8. 
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Phylogenetic analyses and haplotype network construction 
 

To identify genetic lineages for biogeographical analysis we performed both 

maximum likelihood (ML) and Bayesian inference (BI) for nuclear and mitochondrial 

data sets separately and combined.  Although some sequences and genes were missing for 

a number of samples, all data were included because missing data does not bias branch 

length estimates, and phylogenetic analyses are usually more accurate when incomplete 

data are included (Wiens 2005, Cho et al. 2011, Jiang et al. 2014).  We used a greedy 

search in PartitionFinder v. 1.1.1 (Lanfear et al. 2012) to determine the optimal 

partitioning schemes and models of nucleotide substitution under the corrected Akaike 

information criterion (AICc) and the Bayesian information criterion (BIC).  Under the 

AICc, 8 partitions were associated with 7 different models while under the BIC there 

were 4 partitions, 4 models and 29 fewer parameters.  Since initial analyses with both 

schemes resulted in similar trees, the simpler model/partition scheme of the BIC was 

preferred: models K80+I, HKY, and TrN+G for the first, second, and third codon 

positions, respectively, of mitochondrial COI and cytochrome b, and model HKY+I+G 

for the single partition of the nuclear introns, Calmodulin-4 and S7.  Phylogenetic 

programs vary in the options for nucleotide substitution models so the models actually 

used were chosen to approximate those suggested under the BIC as indicated below. 

A ML search for the optimal mtDNA, nDNA, and total evidence tree was 

conducted in RAxML 8.0 (Stamatakis 2014) with 1000 search replicates, via the CIPRES 

cluster at the San Diego Supercomputer Center (Miller et al. 2010).  Because of 
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restrictions in RAxML, the GTR+G model of nucleotide substitution was used.  Clade 

robustness was evaluated with 1000 nonparametric bootstrap pseudoreplicates.   

Phylogenetic Bayesian inference was performed in MrBayes, v3.2.2 (Ronquist 

and Huelsenbeck 2003) with 4 independent analyses using 4 (3 heated, 1 cold) 

simultaneous Metropolis-coupled Markov chain Monte Carlo (MCMCMC) chains of 

100,000,000 generations each, with sampling every 1,000 generations.  Given the models 

of nucleotide substitution available in MrBayes, we used GTR+I+G, HKY, GTR+G, and 

HKY+I+G for the three mtDNA codon positions and the nuclear introns, respectively.  

Based on trace plots of the log-likelihood scores and tree length against generation time 

made with Tracer v1.6 (Rambaut et al. 2013), the first 25% of the sampled trees was 

discarded as burn-in.  Independent analyses were considered to have converged when 

effective sample sizes exceeded 200 and the average standard deviation of split 

frequencies fell below 0.01.  All phylogenetic trees were depicted and edited in FigTree 

v.1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/). 

Biogeographic processes, such as vicariance and dispersal, can affect the history 

of both species and populations.  However, compared to the evolutionary history of 

species, the genealogical relationships within populations are more likely to exhibit 

reticulations, multifurcations, and extant ancestral nodes, so they are best represented by 

network methods (Posada and Crandall 2001, Mardulyn 2012).  With all mtDNA samples 

of S. capensis, we generated a median-joining (MJ) (Bandelt et al. 1999) network of 

haplotypes as implemented in the program PopART (http://popart.otago.ac.nz).  MJ was 

chosen because it performs well when node haplotypes are missing (Cassens et al. 2005), 

as was expected with the moderate sampling density of the present data set.  We used an 
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epsilon value of zero to minimize the number of reticulations and facilitate interpretation 

of the network.   

 

Divergence time estimations 
 

In order to evaluate our biogeographic hypotheses we estimated the divergence 

times of S. capensis lineages to compare them with the timing of geological and climatic 

events.  Divergence time estimates have been shown to be more accurate when they are 

based on multiple fossil calibration points (Smith and Peterson 2002, Soltis et al. 2002, 

Sauquet et al. 2012, Paradis 2013, Duchêne et al. 2014), and include calibration points 

close to the root and, if rate variation is high, at younger nodes (Duchêne et al. 2014). 

The lack of Sandelia fossils, as well as accurately dated biogeographic events which can 

be unequivocally associated with Sandelia nodes, necessitated calibrations from only 

outgroup fossils.  

The dating of phylogenies is often based on an incomplete fossil record with 

potential errors in fossil identification, phylogenetic placement, and age determination.  

Therefore, it is important to explicitly justify the use of specific fossils for calibrating 

chronograms, not only for the present study, but for proper reevaluation when new fossil 

or geological data become available.  Here, we follow best practices outlined by Parham 

et al. (2012) to justify the use of three fossil calibrations (for detailed justification, see 

Appendix 1).  A complete articulated skeleton of the osphronemid Ombilinichthys yamini 

Murray et al. 2015, one of the only two known anabantoid fossils (the other, a species of 

Osphronemus, is from the same locality and stratum (Sanders 1934)), was used to 

calibrate the most recent common ancestor (MRCA) of Osphronemus and the closely 
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related osphronemid Belontia (offset = 33.9 Ma, mean = 12.5, log standard deviation = 

0.7).  The MRCA of snakeheads (Channidae) and Anabantoidei was calibrated with the 

oldest known channid fossil, Anchichanna kuldanensis Murray and Thewissen 2008 

(offset = 48.0 Ma, mean = 10.5, log standard deviation = 0.7).  The channid fossil 

Parachanna fayumensis Murray 2006 was used to calibrate the MRCA of Channa and 

Parachanna (offset = 34.2 Ma, mean = 12.7, log standard deviation = 1.0).   

Although a species-level process best models lineage divergences among the 

major clades of S. capensis and the fossil-calibrated outgroup species, a population-level 

coalescent process better describes finer-scale divergence.  Therefore, we used a 2-step 

procedure to incorporate both processes.  First, we used the outgroup taxa with fossil 

calibrations, and one or two S. capensis samples per collecting site, to perform a 

Bayesian coalescent analysis in BEAST v1.80 (Drummond et al. 2012). The sequences 

were partitioned as above but using the models HKY+I, HKY, TN93+G, and HKY+G+I, 

respectively.  We used BEAUti 1.80 to generate the XML file with an uncorrelated 

lognormal relaxed clock, because it is appropriate for anabantoids which have different 

rates of molecular evolution (Rüber et al. 2006), and a Yule speciation tree.  To prevent 

the calculation of zero likelihood states we inserted a ML starting tree generated in 

RAxML into the XML file.  We ran 4 independent BEAST analyses using 500,000,000 

MCMC generations each, with sampling every 50,000 generations.  Tracer v1.6 

(Drummond and Rambaut 2007) was used to visualize MCMC logs, evaluate stationarity 

and mixing, and determine that the first 25% of the sampled trees would be discarded as 

burn-in.  After trees were combined in LogCombiner v1.8.0 (Drummond and Rambaut 

2007), a maximum clade credibility (MCC) tree was generated from the post burn-in 
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sampled trees in TreeAnnotator v1.8.0 (Drummond and Rambaut 2007) with the 

specimens partitioned by lineage, and the tree was visualized in FigTree 1.4.2.  

In the second step of our divergence time analysis, we used all sequences in the S. 

capensis data set and only S. bainsii as an outgroup to produce a Sandelia-only BEAST 

phylogeny.  The BEAST analysis was conducted as above except that we used a strict 

clock, a constant population size coalescent tree prior, and two divergence time estimates 

generated by the fossil-calibrated BEAST analysis.  First, for the root height of the 

Sandelia-only tree, we used the estimated node age of the MRCA of S. bainsii and S. 

capensis from the first BEAST analysis, and gave it a normal prior distribution to 

approximate the estimated 95% Highest Posterior Density (HPD).  Second, we used the 

estimated age of the MRCA of all S. capensis populations for the same node in the 

Sandelia-only tree, again using a normal distribution to match the HPD estimate. 

 

Evaluation of biogeographic hypotheses 
 

To evaluate our four biogeographic hypotheses we compared the phylogeographic 

structure and estimated divergence times of the genetic lineages with our predictions and 

the timing of known climatic and geographical events.  For the Paleoriver Dispersal 

hypothesis we also examined continental shelf width.  While recent paleoriver 

confluences may be identified or hypothesized by examination of the current continental 

shelf topography, significant past confluences may have been sundered and obscured by 

subsequent river evolution and alluvial deposits now below sea level.  To compensate for 

this possibility, we used continental shelf width as a proxy for the likelihood of paleoriver 
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coalescence (Unmack et al. 2009, Unmack et al. 2013, Zúñiga-Vega et al. 2014).  In the 

CFR, the width of the coastal area exposed by the LGM regression is narrow on the west 

coast (10–50 km), and wider on the south coast where the Agulhas Bank extends the 

shoreline up to about 160 km (Dingle and Rogers 1972).  The lower gradient of the south 

coast continental shelf would have created more opportunities for paleoriver confluences, 

while the steeper gradient in the west and southwest was more likely to maintain river 

isolation.  Thus, there should be deeper divergences among drainages from the 

Verlorenvlei River in the northwest of the CFR to the Uilkraals River in the southwest, 

than among those east of the Uilkraals (Figure 2.2c). 

The likelihood of paleoriver confluences also depends on the distance between 

current river mouths.  Widely separated river mouths may not coalesce where the 

continental shelf is wide, and closely spaced river mouths may coalesce in spite of a 

narrow continental shelf.  Therefore, for each closest pair of sampled coastal river 

systems we compared both the minimum continental shelf width between the rivers, and 

the distance between the mouths of each pair of rivers, to the percent mtDNA sequence 

divergence and phylogenetic relationships between populations of each coastal river 

system.  These comparisons were evaluated with simple linear regression and the 

Wilcoxon rank sum test.  We also examined elevation profiles of paleorivers between 

current sea level and the -130 m LGM sea level.  These profiles were produced in Google 

Earth Pro 7.1 (Google Earth 2016). 
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RESULTS 

Phylogenetic analysis 
 

From 101 individual fish specimens, 100 sequences of cytochrome b and COI 

were obtained with one sample from the Klein River failing for cytochrome b, and one 

sample from the Draaifontein River failing for COI (Table 2.1).  The combined mtDNA 

dataset totaled 1,352 bp (685 bp for cytochrome b, 667 bp for COI) and included 1,172 

sites that were conserved, 15 that were variable but parsimony uninformative, and 165 

(98 and 67 for cytochrome b and COI, respectively) that were parsimony informative.  

The nuclear alignment totaled 1,166 bp (685 for S7, 430 for Calmodulin-4) with 1,066 

sites conserved, 21 variable but parsimony uninformative, and 29 parsimony informative 

(16 for S7 and 13 for calmodulin-4).  Missing cells comprised 39.2% of the entire data 

matrix with 98% of the missing cells due to the decision to subsample the nuclear introns.  

In the mtDNA data set alone, missing cells were only 1.0% of the data matrix. 

The ML and BI concatenated phylogenies indicate the presence of three well-

supported (ML bootstrap values > 80; BI posterior probability values = 1.0), reciprocally 

monophyletic major clades within S. capensis (Figure 2.4; an expanded phylogeny of the 

South Coast Clade is provided in Figure S2.1).  The West Coast Clade consists of 

populations in the Verlorenvlei, Berg, and Diep river systems, all flowing westward to 

the Atlantic Ocean north of Cape Town.  The Klein River Clade is endemic to the Klein 

River basin, which empties into Walker Bay in the southwestern CFR.  One specimen 

(SAIAB-186085–166) from the Klein River belongs to a lineage otherwise only found in 

the adjacent Heuningnes River.  The South Coast Clade surrounds the Klein River Clade, 
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extends from Schusters River on the west side of the Cape Peninsula to the Coega River 

at Algoa Bay, and includes all southern coastal rivers.  The average percent sequence 

divergences for mtDNA sequences between the clades was high with a relatively narrow 

range: West Coast and South Coast, 6.5% (5.7 - 7.1%); West Coast and Klein River, 

6.7% (6.5 – 7.0%); and South Coast and Klein River, 4.0% (3.8 – 4.3%). The average 

mtDNA percent sequence divergence within each clade was 0.0% for the Klein River 

Clade, 1.1% for the West Coast Clade, and 1.3% for the South Coast Clade.  Pairwise 

percent sequence differences between populations of different coastal river systems are 

given in Table 2.5.  The Klein River and South Coast clades were inferred to be sister 

taxa (bootstrap = 100, posterior probability = 1.0).   

Phylogenies based on subsets of the four genes were largely congruent with the 

complete data set but exhibited less resolution.  Analyses of the concatenated mtDNA 

data alone yielded the same arrangement of three major clades with only slightly lower 

support values (Figure S2.2).  A phylogeny constructed from the nuclear introns alone 

provided weak support for the West Coast Clade and a South Coast Clade that includes 

the Klein River population.  Maximum likelihood analysis of S7 (Figure S2.3) provided 

strong support (ML bootstrap value = 96%) for a South Coast + Klein River Clade that 

appears in a polytomy with three West Coast lineages.  The calmodulin-4 phylogeny 

(Figure S2.4) showed little resolution.  The concatenated S7 and Calmodulin-4 

phylogeny (Figure S2.5) provided weak support (ML bootstrap value = 46%) for the 

West Coast Clade and for S. capensis as a whole, but did not resolve the Klein and South 

Coast clades.  
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Haplotype networks 
 

 The three major clades of the phylogenetic analyses match the three disconnected 

median-joining haplotype networks, separated from each other by 32 to 45 mutations 

(Figure 2.5).  Within these clades we identified 33 haplotypes.  Each of the 11 West 

Coast haplotypes was exclusively associated with an historically isolated lineage 

inhabiting either the Verlorenvlei, Berg, or Diep river system.  The Klein River Clade 

comprised a disconnected haplotype endemic to the Klein River basin. The 

geographically widespread South Coast Clade contained 21 haplotypes with 18 restricted 

to a single coastal drainage.  Only three pairs of different coastal drainages shared 

haplotypes:  the adjacent Klein and Heuningnes systems; the Schusters River and the 

Dawidskraal River on opposite sides of the Cape of Good Hope Peninsula and False Bay; 

and the widely separated Lourens and Goukou river systems. 

 

Divergence time estimation and biogeographic hypothesis evaluation 
 

 Based on the BEAST analysis with three fossil calibrations and a Yule speciation 

process, we estimated that S. capensis diverged from S. bainsii in the late Oligocene to 

early Miocene around 24.82 Ma (95% HPD: 34.73 – 15.57 Ma; Figure 2.6).  The MRCA 

of S. capensis populations was estimated to have begun diverging in the Miocene around 

14.0 Ma (95% HPD: 23.12 – 6.79 Ma).  When used to calibrate the MRCA of S. capensis 

and S. bainsii (mean = 24.82, standard deviation = 5.8), and the MRCA of S. capensis 

populations (mean = 14.0, standard deviation 4.9) in the second BEAST analysis, these 
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priors and the more appropriate coalescent model resulted in younger estimated 

divergence times within S. capensis. 

 Coastal Drainage Isolation was the most supported biogeographical hypothesis 

based on the deep divergence times, all older than the LGM and mostly younger than the 

Miocene-Pliocene marine transgression.  Additional support comes from the evolutionary 

relationships and paucity of shared haplotypes between genetic lineages from different 

coastal drainages.  Marine Transgression Isolation could have played only a minor role in 

the diversification of S. capensis because only two lineage divergences happened before 

the end of the Miocene-Pliocene marine transgression around 3 Ma.  The West Coast 

Clade began to diverge from the rest of S. capensis in the late Miocene around 7.92 Ma 

(95% HPD: 12.31 – 3.89 Ma; Figure 2.7).   The Klein River and South Coast clades 

diverged in the Pliocene (4.15 Ma, 95% HPD: 6.44 – 1.91 Ma).  However, the West 

Coast, South Coast, and Klein River clades were already isolated by topography and the 

marine transgression would only have reduced their respective ranges, not divided them 

from each other.   

 All other average divergence times, including almost all confidence intervals, 

were younger than the Miocene-Pliocene marine transgression.  Within the West Coast 

Clade, the Diep River population diverged 2.1 Ma (95% HPD: 3.4 – 0.91 Ma), and the 

Verlorenvlei and Berg river populations split 1.15 Ma (95% HPD: 1.93 – 0.48 Ma).  

Within the South Coast Clade, divergences between populations of different coastal 

rivers occurred from 1.91 to 0.39 Ma, with the Uilkraals, Heuningnes, Breede/False Bay, 

Duiwenhoks, Klipdrift, Krom, and Seekoei river systems having the oldest divergences 

(>1.0 Ma).  These divergence times are consistent with the prediction that the endemic 
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lineages of any coastal drainage small enough to be nearly or completely drowned could 

not be older than the end of the marine transgression around 3 Ma.  If the highstand was 

around 200 m or higher, the marine transgression may have eliminated S. capensis 

populations from a number of the sampled coastal drainages (as shown in Figure 2.2b).  

However, we cannot differentiate that scenario from one where the estimated divergence 

times simply reflect the first time a coastal drainage had been colonized. 

Our data neither supported, nor ruled out, Paleoriver Dispersal as a significant 

factor in the history of S. capensis sensu lato.  Under the Paleoriver Dispersal hypothesis 

we would expect to find evidence of very shallow divergences between now isolated 

paleoriver tributaries because the LGM was only about 20,000 years ago.  However, 

according to our data, all divergences between lineages of different coastal drainages 

occurred at least 110,000 years before the LGM (youngest divergence = 0.39 Ma, 95% 

HPD: 0.94–0.13 Ma).  Paleoriver Dispersal was also not supported when continental 

shelf width was used as a proxy for the likelihood of paleoriver confluences.  There was 

no linear correlation between percent mtDNA sequence divergence for each pair of 

closest sampled coastal river systems and either continental shelf width (simple linear 

regression, R2 = 16.03%) or geographic distance between river mouths (R2 = 1.03%; 

Figure S2.6, Table S2.1).  In both cases the three outliers were comparisons between 

populations on opposite sides of a boundary between the major clades (Diep – Schusters, 

Dawidskraal – Klein River, and Klein River – Uilkraals).  There was no difference in 

percent mtDNA sequence divergence between coastal river pairs in the west and 

southwest, where the continental shelf is narrow, and river pairs along the south coast 

east of the Uilkraals River, where the continental shelf is wide (Wilcoxon rank sum test, 



 
 
 
 

 

39 

p-value = 0.899; Figure S2.7).  Finally, percent mtDNA sequence divergence does not 

differ between coastal river pairs that were from the same or different paleoriver systems 

(Wilcoxon rank sum test, p-value = 0.742; Figure S2.8). 

The Transdivide Dispersal hypothesis was primarily supported by the deep 

divergences between adjacent coastal river systems and the unlikelihood of significant 

paleoconfluences for most coastal rivers west of Cape Agulhas.  It was also supported by 

closer evolutionary relationships between populations of adjacent coastal drainages that 

likely flowed into different paleoriver systems: the sister lineages Maitland and Baakens, 

and Knysna and Bietou (Figure 2.2d).  The distant evolutionary relationship between 

populations from the Duiwenhoks and Breede did not obviously support Transdivide 

Dispersal.  However, an originally close relationship owing to Transdivide Dispersal 

could have been masked by the 1.9 Ma of evolution since they split.   

 

DISCUSSION 

Phylogenetics and taxonomic implications 
 

Based on the phylogenetic and haplotype network analyses we inferred the 

presence of three geographically distinct clades within the current concept of Sandelia 

capensis, corroborating the mtDNA phylogenies of Roos (2004; West and South Coast 

clades) and Chakona et al. (2013a; Klein River Clade).  The average percent mtDNA 

sequence divergences between the clades (Klein River – South Coast: 4.0%, West Coast 

– South Coast: 6.5%, and West Coast – Klein River: 6.7%) are two to more than three 

times that between most currently recognized congeneric fish species (Ward 2009).  The 
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West Coast, Klein River, and South Coast clades of Sandelia capensis exhibit high 

interclade and relatively low intraclade percent sequence divergences, are reciprocally 

monophyletic, and have been isolated for 4.15–7.92 Ma in allopatric ranges separated by 

persistent marine and terrestrial barriers to gene flow.  Since these are features of 

segments of separately evolving metapopulation lineages (de Queiroz 2007), we maintain 

that S. capensis sensu lato is composed of three corresponding and cryptic species.  

The finding of cryptic species within S. capensis mirrors recent discoveries of 

cryptic species in other freshwater taxa in the CFR including freshwater crabs (Phiri and 

Daniels 2014), isopods (Gouws et al. 2004), and fishes in the genera Pseudobarbus 

(Swartz et al. 2009, Chakona and Swartz 2013) and Galaxias (Wishart et al. 2006).  Like 

several closely related lineages within these taxa, the West Coast and South Coast clades 

are geographically separated by the Cape Fold Mountains.  In contrast, the Klein River 

Clade is uniquely endemic to that drainage, which is only 80 km long with an area (980 

km2) less than 2% of the entire geographic range of S. capensis. 

 
Paleoriver dispersal 
 

Several studies have found evidence that is consistent with Paleoriver Dispersal in 

fishes of the CFR.  With denser sampling, Chakona et al. (2013a) found Sandelia sp. 

‘Breede’ in the currently isolated Breede and Duiwenhoks rivers which almost certainly 

coalesced during low sea levels within 15 km of the current shoreline.  The same pattern 

was also found in Pseudobarbus burchelli (Smith 1841) (Chakona et al. 2013, Swartz et 

al. 2014) and Galaxias sp. ‘nebula’ (Chakona et al. 2013b).  Roos (2005) found three 

paleoriver tributary pairs, unsampled by us, that shared a haplotype of S. capensis: 



 
 
 
 

 

41 

Langvlei and Verlorenvlei, Groot Brak and Touws, and Malgas and Karatara. The 

mouths of the Langvlei and Verlorenvlei on the west coast are only 12 km apart and the 

continental shelf extends 40 km to the LGM sea level so Paleoriver Dispersal could have 

occurred.  The other two pairs of rivers overlap each other in the Mossel Bay area and all 

likely shared one paleoriver system.  Both S. capensis (Roos 2005) and P. afer (Swartz et 

al. 2007) probably used Paleoriver Dispersal in this region.  Paleoriver Dispersal has also 

been supported by the presence of three lineages of P. afer and one of P. burchelli 

(Swartz et al. 2009), and Galaxias sp. ‘nebula’ (Chakona et al. 2013b), spread across 

some now isolated paleoriver tributaries east of Cape Agulhas.   

In contrast, we found no haplotypes shared by populations of former tributaries of 

paleorivers, suggesting that Paleoriver Dispersal has not been used by S. capensis sensu 

lato.  However, this may be an artifact of low sampling density within populations and/or 

across the distributional range because there is clear support for Paleoriver Dispersal in 

other studies.  The apparent deep divergences we found between lineages of S. capensis 

in adjacent paleoriver tributaries may have been exaggerated by our sampling effort (1–3 

collection sites per coastal river system) since intervening haplotypes could have been 

missed. This was evidently the case with the Breede and Duiwenhoks populations 

(Chakona et al. 2013).  However, as with Sandelia, there is no evidence that 

Pseudobarbus used three of the five other paleoriver tributary pairs covered by our 

sampling: Heuningnes-Breede, Goukou-Gourits, and Krom-Seekoei (Swartz et al. 2007).  

This shared phylogeographic pattern suggests that ecological or hydrodynamic barriers 

limit the possibility of Paleoriver Dispersal in some drainages.  It is notable that in the 

other two paleoriver tributary pairs we sampled, the Gwaing-Knysna and Seekoei-
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Maitland, all the rivers are each so short (<60 km) that little genetic isolation by distance 

would be expected, yet they diverged 1.10, and 1.38 Ma, respectively.  Thus, the 

phylogeography of only a few pairs of Sandelia populations, (Langvlei and Verlorenvlei, 

Breede and Duiwenhoks, Groot Brak and Touws, and Malgas and Karatara), is consistent 

with Paleoriver Dispersal.  Denser sampling of S. capensis east of the Duiwenhoks River 

will be needed to find other instances where the phylogeography of Sandelia matches the 

predictions of Paleoriver Dispersal, especially where it has been shown with 

Pseudobarbus and Galaxias. 

We predicted an inverse relationship between the amount of genetic divergence 

between populations of closest sampled coastal river systems and continental shelf width, 

and a direct relationship with the distance between river mouths, if Paleoriver Dispersal 

was a dominant biogeographic driver in Sandelia.  The results of this study show that, for 

our sampling of S. capensis, there is no discernable relationship with either geographic 

measurement.  The boundaries between the three putative species are adjacent to a 

narrow continental shelf but the lack of shallow divergences within the South Coast 

Clade suggests that S. capensis has not successfully dispersed via paleoriver connections 

where the continental shelf is wide.  Again, however, our sampling regieme likely biased 

this relationship in some cases.  The continental shelf width correlation with 

phylogeographic structure has been supported by Trichomycterus Valenciennes 1832 

catfish of coastal river systems in Chile (Unmack et al. 2009), only partly supported by 

Nannoperca Günther 1861 pygmy perches in Australia (Unmack et al. 2013), and not 

supported by Philypnodon Bleeker 1874 gudgeons (Thacker et al. 2008), Galaxiella 
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McDowall 1978 galaxias (Unmack et al. 2012) or Gadopsis Richardson 1848 blackfishes 

(Hammer et al. 2014) in Australia.   

In general, continental shelf width and the distance between river mouths are 

probably poor proxies for the likelihood of paleoriver confluences because their influence 

may be negated by the specific continental shelf topography, geology, and geomorphic 

changes both above and below current sea level.  Over time, river mouths can move 

closer together or farther apart, and marine deposits from rivers during highstands can 

alter drainage patterns from one lowstand to the next.  Thus, some streams may cross 

very wide continental shelves without connecting to other coastal rivers, and others may 

become connected in spite of very narrow continental shelves.  Even when we performed 

a coarse comparison of a region with a narrow continental shelf (west of Cape Agulhas) 

to a region with a wide continental shelf (east of Cape Agulhas), we found no difference 

in mean percent sequence divergence.  We obtained a similar result when we compared 

river pairs from separate paleoriver systems to those that likely shared a paleoriver 

system.  It is probable that denser sampling would show more of a relationship between 

continental shelf width and phylogeographic patterns.  Chakona et al. (2013b) found 

haplotypes of Galaxias sp. ‘nebula’ shared between paleoriver tributaries, clear evidence 

of Transdivide Dispersal.  Such counter examples, and the fact that evidence that 

supports Paleoriver Dispersal does not necessarily reject Transdivide Dispersal, weaken 

and obscure the relationship between Paleoriver Dispersal and continental shelf width or 

distance between river mouths.  Therefore, these proxies may be most effective where the 

topography above and below sea level is relatively uniform across coastal drainages, or 

where they approach the extremes possible. 
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Since gene flow was prevented, or severely limited, between some Sandelia 

populations of paleoriver tributaries, another aspect of continental shelf, its steepness, 

should be considered.  All along the south coast the profile of the continental shelf is 

steepest relatively close to the current shoreline so that half the elevation drop to the -130 

m LGM sea level occurs in the first quarter or less of the total distance (Figure S2.9).  

According to Chakona and Swartz (2012), Sandelia in the Breede River system are not 

found where the gradient exceeds 15 m/km, rarely where the gradient is above 10 m/km, 

and they have a strong preference for still pools.  Chakona and Swartz (2012) note that 

Sandelia’s large fins, low aspect ratio caudal fin, and compressed body create sufficient 

drag to reduce its ability to navigate swift, turbulent waters.  Using Figure S2.9, rough 

estimates of the steepest gradients Sandelia would have to navigate between paleoriver 

tributaries it has not apparently used, and for which there is evidence that Pseudobarbus 

has also been blocked, are 12.9 m/km (Heuningnes-Breede), 16.2 m/km (Goukou-

Gourits), and 22.3 m/km (Gwaing-Knysna).  The actual gradients are likely somewhat 

lower because of the non-linear course of rivers, although steep stretches tend to have 

less meandering.  But even where average gradients are not too steep, there may still be a 

waterfall or strong local current that could block passage by Sandelia.  Given the 

consistency of the steep slope near shore across the Cape Region, this may be the best 

explanation for the apparent failure of many Sandelia lineages to successfully disperse 

via some paleoconfluences during the numerous Pleistocene marine regressions.  

Paleowaterfalls probably persisted throughout numerous marine regressions because 

erosion would have halted during the intervening marine transgressions that drowned 

them.  Waterfall barriers limit the geographic range of Pseudobarbus erubescens (Skelton 
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1974) and the Tradouw lineage of P. burchelli (Swartz et al. 2014).  The fact that the 

Breede River system harbors three allopatric lineages of S. capensis (this study and 

Chakona et al. 2013a), and the Gourits River system seems to have two allopatric 

lineages (this study and Roos 2005), suggests that some barrier, whether hydrological, 

ecological, or behavioral may restrict gene flow between populations of different 

tributaries.  It is notable that most of the examples of likely Paleoriver Dispersal involved 

short coastal rivers and confluences that were probably very close to the current 

shoreline.  This suggests that Sandelia may be less likely to use confluences where one or 

both rivers are large.  Whatever the reason, Sandelia does not appear able or prone to 

migrate between some major tributaries, whether their confluences are above or below 

current sea level. 

 

Transdivide dispersal 
 

Support for Transdivide Dispersal comes from: (1) evidence of dispersal between 

paleoriver systems; (2) the unlikelihood of paleoriver confluences west of Cape Agulhas 

because of the narrow and steep continental shelf; and (3) the lack of shared haplotypes 

between populations within some paleoriver systems.  A situation that requires 

Transdivide Dispersal arises when a species or lineage has occupied adjacent drainages 

from different paleoriver systems (Figure 2.2d).  Sandelia capensis used Transdivide 

Dispersal to expand into all the South Coast paleoriver systems from Cape Agulhas to 

Port Elizabeth at the eastern end of its range.  Other cases include shared haplotypes for 

P. burchelli in the Breede and Goukou rivers (Chakona et al. 2013a, Swartz et al. 2014), 
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P. tenuis (Barnard 1938) in the Gourits and Keurbooms/Bitou sytems and P. afer (Peters 

1864) in the Gourits and Gamtooos (Swartz et a. 2009), and numerous cases for Galaxias 

sp. ‘nebula’ (Chakona et al. 2013b). 

Between the West Coast and South Coast clades Paleoriver Dispersal would have 

been prevented along the Cape Peninsula by a steep continental shelf that drops to –130 

m, the LGM sea level, just 9 km from the current shoreline.  Other deep West Coast-

South Coast lineage divergences have been discovered in Potamonautes MacLeay 1838 

freshwater crabs (Phiri and Daniels 2014), the cyprinids Pseudobarbus capensis (Smith 

1841) (Impson and Bloomer 1998) and Pseudobarbus (Swartz et al. 2007), and Galaxias 

sp. ‘nebula’ (Chakona et al. 2013b).  The divergence times for these taxa were all much 

younger than the 95% HPD range for Sandelia in this study, although there is some 

overlap in 95% HPD with Potamonautes.  These differences could reflect different 

dispersal routes or mechanisms, species specific physiological or ecological barriers to 

dispersal, different molecular evolution rates, or artifacts of methodology in divergence 

time estimation (all the other studies were based on average mutation rates for the genes 

used, not fossil calibrations).  Because the southwestern CFR has been geologically stable 

with a mostly dry climate, and the Cape Fold Mountains are a formidable barrier, there 

would have been few river captures or other transdivide dispersals.  Therefore, it seems 

more likely that obligate aquatic organisms shared the same one or two dispersal events 

and their different estimated divergence times reflect errors in the assumptions they were 

based on.  In any case, all these studies corroborate the present finding that the narrow 

continental shelf along the Cape Peninsula, and the rarely permeable western Cape Fold 

Mountains, have been important generators of diversity in the CFR. 
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Likewise, it is unlikely that S. capensis ever used Paleoriver Dispersal to move 

between the Klein River and adjacent coastal systems (the Bot or Onrus rivers to the 

west, or the Uilkraals River to the east).  During the LGM, the shoreline would have 

extended only 22–30 km from the opening of Walker Bay, into which the Klein River 

empties.  Also, the continental shelf in this region is composed of rocky terrain (Dingle 

and Rogers 1972) which would have inhibited significant meandering of paleorivers.  

Thus, some form of rare Transdivide Dispersal, probably a river capture (see below), best 

explains the distribution of the three major clades while the lack of paleoriver 

connections helped to maintain their isolation. 

There are three lineages within the West Coast clade that allopatrically inhabit the 

Langvlei/Verlorenvlei rivers, Berg River, and Diep River.  The Berg and Diep river 

mouths are separated by 170 km and a continental shelf no more than 34 km wide so 

paleoriver connections would not be expected.  However, only 60 km separate the Berg 

and Verlorenvlei river mouths, the continental shelf between them is at least 35 km wide, 

and the split occurred during the middle Pleistocene when there were several major 

marine regressions.  Therefore, dispersal conceivably could have been via paleoriver 

connections.  However, this is unlikely because the Berg and Verlorenvlei lineages have 

maintained isolation in spite of numerous subsequent marine regressions, as evidenced by 

the lack of gene flow.  Also, some form of Transdivide Dispersal is more parsimonious 

than repeated paleoriver dispersals followed by repeated extinctions of immigrants or 

their distinctive alleles.  The independence of the Berg and Verlorenvlei rivers since the 

Pliocene is also supported by the deep divergence between lineages of the cyprinid 
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Pseudobarbus burgi (Boulenger 1911), endemic to each river system and thought to be 

isolated for the last 0.5 to 2.3 Ma (Bloomer and Impson (2000). 

The unlikelihood of paleoriver confluences due to a narrow continental shelf is 

also the case for rivers inhabited by the South Coast Clade west of Cape Agulhas at the 

southern tip of Africa, with the exception of streams associated with False Bay. The 

phylogeny (Figure 2.4) and the haplotype network (Figure 2.5) show a close relationship 

between lineages associated with False Bay (Schusters, Lourens, and Dawidskraal) and 

those from the Breede River system, with which they are paraphyletic.  Lowland or 

coastal routes are blocked by a 23 km wide, LGM continental shelf at Danger Point 

(Figure 2.8), and the more distantly related lineages endemic to the intervening Klein, 

Uilkraals, and Heuningnes river systems.  If the False Bay populations are native (see 

below), then their close relationship with the Breede populations requires a relatively 

recent transdivide dispersal involving headwater streams from both sides of the 

Hottentots-Holland Mountains. (number 9 in Figure 2.8).  

Like the adjacent Klein River Clade, the Uilkraals River lineage inhabits a short 

coastal river that probably had no paleoriver connections, was likely colonized via 

transdivide dispersal from the Heuningnes River, and has since been isolated, albeit for a 

time (1.2 Ma) that may have been insufficient for speciation.  With denser sampling, 

Chakona et al. (2013a) found closely related haplotypes of Galaxias sp. ‘Klein’ in the 

Klein, Uilkraals, and Haelkraal, and Sandelia sp. ‘Agulhas’ in the Klein, Haelkraal, and 

Heuningnes.  However, they attributed this pattern to recent range expansion across low 

drainage divides during the wetter interglacial periods.  They also found sympatric 

distributions of two Sandelia lineages in the Klein and two Galaxias lineages in the 
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Uilkraals which they explained by transdivide secondary contact. Our study supports 

their contention that Transdivide Dispersal, not Paleoriver Dispersal, was the dispersal 

mode in this region. 

East of Cape Agulhas the sandy continental shelf widens considerably (Figure 

2.1) creating better opportunities for Paleoriver Dispersal.  It is not known whether the 

Heuningnes River shared a paleoriver connection with the Breede River system, but the  

–130 m LGM coastline was up to 150 km from the current coastline, because of the 

Agulhas Bank, and bathymetric data suggest that it did (Swartz et al. 2014).  However, 

our study, Chakona et al. (2013a), and Swartz et al. (2014) found that the Heuningnes 

and Breede rivers harbor allopatric lineages of S. capensis, Galaxias sp. ‘nebula’, and 

Pseudobarbus burchelli, with divergence times much older (≥ 1 Ma) than the LGM.  The 

failure of these lineages to disperse via paleoriver connections has been attributed to the 

possible presence of paleowaterfall barriers or physiological barriers between the turbid, 

low gradient, high conductivity water in the coastal Heuningnes, and the clear, high 

gradient, low conductivity water in the more inland Breede (Chakona et al. 2013a, Swartz 

et al. 2014).  While local physiological adaptation may be possible, we suggest that the 

dearth of fish competitors has freed S. capensis to be a hardy and broadly adapted 

species: it thrives in water that is fast or stagnant, turbid or clear, polluted or pristine, 

acidic or alkaline, and warm or cool (Harrison 1952).  Therefore, a hydrodynamic barrier 

to upstream migration seems a more likely explanation for the failure of S. capensis to 

use the Heuningnes-Breede paleoconfluence, any such barrier is also likely to block 

Pseudobarbus and Galaxias, and Transdivide Dispersal with subsequent isolation 

explains this phylogenetic pattern. 
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Deep divergences between populations of paleoriver tributaries would indicate 

that dispersal between them is rare and thus more likely associated with rare breaches of 

drainage barriers than the periodic confluences of paleorivers.  Of the 14 South Coast 

lineages of S. capensis confined to a single coastal river system, eight have been isolated 

for over 0.74 Ma, and the other six have been isolated for 0.39 to 0.61 Ma (Table S2.2).  

Therefore, eight lineages have been confined to their coastal river system despite at least 

eight marine regressions, and even the youngest lineages remained isolated during four 

marine regressions.  In this study, six paleoriver tributary pairs were sampled: 

Heuningnes-Breede, Breede-Duiwenhoks; Goukou-Gourits; Gwaing-Knysna; Krom-

Seekoei, and Seekoei-Maitland.  We detected no lineages that corresponded to these 

paleoriver systems (Figures 2.4 and 2.5).  The dispersal opportunities of low sea level 

confluences have apparently been blocked by other isolating mechanisms such as 

ecological barriers, sedentary tendencies, paleowaterfalls, or competition that favors 

resident populations.  However, an important caveat is that the incidence of Paleoriver 

Dispersal may have been underestimated by our sampling scheme so the lineage 

distribution within the eastern South Coast Clade is likely due to a mix of Transdivide 

and Paleoriver dispersal events.  

 

Marine Transgression Isolation vs. Coastal Drainage Isolation 
 

Allopatric isolation of populations that results in genotypic and/or phenotypic 

divergence is the most common explanation for speciation in freshwater fishes (Mayr 

1942, Lomolino et al. 2010).  The major clades and lineages of S. capensis, with the 
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exception of the Breede lineage, are currently isolated from each other by drainage 

divides and the ocean.  Is this Coastal Drainage Isolation also the historical factor that led 

to the divergence of these clades, or did Marine Transgression Isolation play a role?  

Vicariance and isolation by marine incursions have been suggested to have caused 

divergence in Micropterus Lacepède 1802 bass (Near 2003) and Percina Haldeman 1842 

darters (Near and Benard 2004) in North America, characiforms in South America 

(Hubert and Renno 2006), and Macrobrachium Bate 1868 freshwater shrimp in the 

Malay Archipeligo (de Bruyn and Mather 2007). 

The marine transgressions that occurred during the West Coast-South Coast split 

could not have contributed to the isolation of these clades because they would have 

already been isolated by the north-south oriented Drakenstein, Du Toitskloof, 

Franschhoek, and Hottentot’s Holland ranges of the Cape Fold Mountains, and the steep 

and narrow continental shelf along the Cape Peninsula.  However, major transgressions 

between +200 and +300 m in the Early Pliocene (Butzer and Helgren 1972, Siesser and 

Dingle 1981) would have reduced the geographic range and effective population size of 

the West Coast clade to a small fraction of their current size.  A very small population 

size could have contributed to its divergence from the South Coast clade due to 

bottleneck effects, genetic drift, and possible adaptation to higher elevation habitats.   

Likewise, the Early Pliocene marine transgression overlapped the 95% HPD for 

the divergence of the Klein River Clade but if it had any impact it was not by Marine 

Transgression Isolation, but by population reduction.  If the highstand approached or 

exceeded estimates of +300 m, the ocean would likely have drowned all available 

Sandelia habitat within the Klein River basin, so the colonization from the Heuningnes 
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River system would have to have been after the transgression.  However, if the highstand 

was low enough to allow Sandelia to survive in small upland refugia within the Klein 

River basin, the Transdivide Dispersal could have taken place before the transgression 

ended.  This scenario is in agreement with our estimate of the divergence time (4.2 Ma).  

The transgression would have greatly reduced the available habitat and the resulting 

small effective population size may have accelerated the mtDNA divergence of the Klein 

River Clade.  Chakona et al. (2013a) also sampled the Klein River lineage.  Although 

their divergence time estimation, based on a range of molecular evolution rates rather 

than fossil calibrations, was nearly 2 Ma younger than our estimation, their 95% HPD 

overlapped our 95% HPD for 3.8–1.9 Ma.  They suggested that the divergence of the 

Klein River lineage was attributable to the isolating effect of the Early Pliocene 

transgression.  However, as with the West Coast lineage, isolation would have occurred 

anyway due to the narrow continental shelf and surrounding drainage divide.  Chakona et 

al. (2013a) found a contrasting situation with Galaxias sp. ‘Klein’ which they also found 

in the adjacent and currently isolated Uilkraals and Haelkraal river systems, unlike the 

Sandelia Klein River lineage which is only in the Klein River system.  This difference 

was attributed to the dispersal ability of Galaxias which can survive extended periods out 

of water (Chakona et al. 2011), survive in very shallow water, and live higher in the 

watershed where heavy flooding could allow transfer to another drainage. 

Under the Marine Transgression Isolation hypothesis we predicted that large 

coastal river systems would have multiple lineages occupying different subdrainages that 

once served as refugia during high sea levels.  We identified three geographic lineages 

from the Breede River, and two from the Gourits River, which are the largest river 
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systems we sampled.  Chakona et al. (2013a), with much denser sampling, also found 

three lineages in the Breede River system and attributed their divergence to the isolation 

caused by the Early Pliocene marine transgression.  However, our divergence estimates 

place the earliest divergence within the Breede River lineage at 0.71 Ma (95% HPD: 1.09 

– 0.39 Ma), well over 1 Ma after the transgression ended.  Our estimate of the divergence 

of the Gourits lineages was even later (0.35 Ma; 95% HPD: 0.59 – 0.14 Ma).  Unless 

these estimates are much too young, Marine Transgression Isolation was not a major 

factor in the diversification of the South Coast Clade. 

If our divergence time estimations are reasonably accurate, then all lineage 

divergences within the West Coast and South Coast clades occurred well after the Early 

Pliocene marine transgression.  And since all subsequent transgressions above current sea 

level were less than +30 m (Rogers 1985), Coastal Drainage Isolation is the best 

explanation for the divergence of lineages within the West Coast and South Coast clades.  

Therefore, the only significant effects of marine transgressions on S. capensis were (1) 

the partial or complete drowning of low elevation coastal drainages which would have 

established 2.58 Ma (the end of the Pliocene) as the oldest possible age for any endemic 

lineages currently inhabiting them, and (2) the possible acceleration in the divergence of 

populations forced into small upland refugia.  Therefore, Coastal Drainage Isolation due 

to a relatively stable geology, dry climate, and rarity of Transdivide Dispersal events, was 

the primary driver of diversification within S. capensis. 
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Biogeographical history of Sandelia capensis major lineages 

The origin of Sandelia capensis 
 

We hypothesize that S. capensis diverged from S. bainsii via allopatric speciation 

facilitated by Transdivide Dispersal and ensuing Coastal Drainage Isolation.  These taxa 

split between 13.1 and 35.9 Ma (mean = 24.5 Ma in the late Oligocene), a period 

characterized by a predominantly warm, mesic climate and, around 22 Ma, the Post 

African Uplift I. These conditions could have increased erosion and the likelihood of 

range expansion and gene flow by river captures or flooding, although where this 

occurred is especially difficult to determine because of the current gap between their 

geographic ranges (Figure 2.1). 

 

West Coast – South Coast divergence 
 

Around 7.9 Ma, in the Late Miocene, the ancestral Sandelia capensis split into the 

West Coast Clade (now distributed in the Langvlei, Verlorenvlei, Berg, and Diep rivers) 

and the ancestral South Coast/Klein River Clade (all other populations including Klein 

River).  The range expansion across the Cape Fold Mountains likely occurred via a rare 

stream capture event.  The MRCA of the West Coast Clade probably invaded the Berg 

River first because that river system drains the west side of the Cape Fold Mountains and 

largely blocks direct connections between the other West Coast Clade rivers (the Diep, 

Verlorenvlei, and Langvlei) and river systems inhabited by the South Coast Clade (Figure 

2.8).  Examination of the topography suggests that the most likely dispersal route is via 

the undated capture of the former source of the Breede River by the Klein-Berg (Little 
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Berg) River cutting through a gap near Tulbagh between the Groot Winterhoek and 

Drakenstein mountains (number 1 in Figure 2.8) (Barnard 1943).  Subsequent isolation of 

the West Coast and southern clades was promoted by the combination of the dry climate 

(particularly in the west), narrow continental shelf, stable geology, and very low potential 

for additional dispersals across the Cape Fold Mountains.   

Alternatively, ancestral S. capensis could have dispersed from the upper Breede to 

the upper Olifants across the low relief divide between Skurwe and Witsen mountains 

(number 2 in Figure 2.8).  Or, as suggested by Swartz et al. (2007) to explain the close 

relationship between Pseudobarbus phlegethon (Barnard 1938), endemic to the Olifants, 

and P. afer, restricted to south coast streams east of the Gourits, the dispersal route could 

have been between the upper Touws River of the Gourits system and the upper Olifants 

(numbers 3 and 4 in Figure 2.8).  However, both of these alternatives seem less likely 

than a direct route from the Breede to the Berg because they require (1) the subsequent 

extinction of S. capensis populations throughout the large Olifants River system where 

introduced S. capensis currently thrives, and (2) additional dispersals between the 

Verlorenvlei and Berg rivers since those lineages did not begin to diverge until about 1 

Ma after the West Coast – South Coast split.  Also, both of these drainage divides are 

currently at an elevation (900 m) at which Sandelia rarely, if ever, occurs. 

 

Klein River – South Coast divergence 
 

The Klein River and South Coast clades diverged around 4.2 Ma, in the Early 

Pliocene, most likely due to Transdivide Dispersal during the Post African Uplift II when 
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the consequent increase in erosion would have increased the likelihood of river capture or 

temporary drainage connections.  The capture of the Hartbees River from the Kars-

Heuningnes system by the Klein River as it cut through the Klein River Mountains 

(number 5 in Figure 2.8; Barnard 1943) may have occurred at this time, possibly allowing 

the first invasion of the isolated Klein River system by Sandelia.  As with the West Coast 

Clade, subsequent isolation of the Klein River Clade was maintained by unbreached 

drainage divides surrounding the Klein River, the usually dry climate, and a narrow 

continental shelf. 

 

West Coast Clade: Berg and Diep river lineages 
 

The timing of Berg-Diep split, about 2.1 Ma, partially overlaps the Post African 

Uplift II which would have increased erosion and the odds of transdivide dispersal.  

Current geomorphology suggests the capture of a tributary of the upper Sout River of the 

Berg River system by the upper Diep east and northeast of Malmesbury as a possibility 

(number 6 in Figure 2.8).  However, the low relief of the entire Diep River basin may 

have facilitated enough drainage evolution to obscure drainage patterns that existed at the 

time of divergence.  

 

West Coast Clade: Berg and Verlorenvlei river lineages 
 

In similar fashion, another Berg River population dispersed across a divide to the 

Verlorenvlei River and became isolated in the Early Pleistocene around 1.2 Ma.  The 

most likely place for direct Transdivide Dispersal is the low-relief divide between the 
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headwaters of the Kruismans River (Verlorenvlei River basin) and the Pyls River (Berg 

River basin) (number 7 in Figure 2.8).  Here, a Pyls River tributary descending from 

Piket Mountain on the west side of the axial valley, or the Olifants River Mountains on 

the east side, may have changed direction enough to flow into the Kruismans River 

system, allowing Sandelia to colonize the Verlorenvlei.  Notably, in the Early Paleocene 

the Berg River flowed through this axial valley to join with what is now the Verlorenvlei 

River (Hendey 1983). 

 

Possible human translocation 
 

One S. capensis specimen from the Klein River system in the present study shares 

a haplotype with specimens from the adjacent Heuningnes River system and is not a 

member of the Klein River Clade.  Chakona et al. (2013a) also found this lineage (their 

Sandelia sp. ‘Agulhas’) in the Klein, Heuningnes, Uilkraals, and Haelkraal river systems.  

Chakona et al. (2013a) explained the distribution of the Sandelia sp. ‘Agulhas’ lineage by 

recent range expansion from the Heuningnes to the other systems and secondary contact 

with endemic lineages in the Klein and Uilkraals.  Dispersal across the low relief, 

extensive wetlands of the Agulhas Plain directly from the Heuningnes River system, or 

via the Ratel River system to the Uilkraals seems possible.  However, a lowland 

connection between the Uilkraals and Klein is much less likely due to intervening 

mountains and steeper drainage divides, and likewise between the headwaters of the 

upper Klein River and the upper Heuningnes River where the topography does not 

suggest any opportunity for recent transdivide dispersal.  To explain the distribution of 
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the Sandelia sp. ‘Agulhas’ lineage by any of these routes would require the inability of 

the Klein River lineage, or the Uilkraals River lineage, to use the same routes to expand 

eastward, or their subsequent extinction if they did.  Therefore, we think natural 

endemism coupled with human transport of live Heuningnes River system fish to the 

Klein and Uilkraals rivers better explains the distribution of this lineage.  Suitable 

Sandelia habitat in the Heuningnes is only 18 km from suitable habitat in the Klein and 

the two sites are connected by a road.  Additional samples and molecular markers are 

needed to evaluate this hypothesis, but human transfer of S. capensis between coastal 

river systems has been documented or suspected before.  In the 1950s, S. capensis 

invaded the Olifants River system, where it did not previously occur, when it escaped via 

flood waters from a pond that had been stocked with individuals from the nearby 

Verlorenvlei River system by a farmer trying to control mosquitoes with a “native” fish 

(Hamman et al. 1984, Darwall et al. 2009).  Chakona et al. (2013a) suspected human 

transport when they found Sandelia sp. ‘Breede’ in the Goukou River system above large 

waterfalls that have prevented colonization by any other fish species including Galaxias 

sp. ‘nebula’ which normally occurs higher than Sandelia.  They also found Sandelia sp. 

‘Riviersonderend’ and Galaxias sp. ‘Riviersonderend’ in the Palmiet River system even 

though the two drainages are separated by high mountains.  Finally, this study (Figures 

2.4 and 2.5) found S. capensis individuals in the Goukou River system (Vet River) that 

shared haplotypes with fish collected from the Lourens River, even though they are 

separated by a dozen coastal river systems and 220 km.  This pattern is matched by 

Pseudobarbus burchelli and likely results from the stocking of the Vet by a Cape Nature 

hatchery located near the Eerste River (Swartz et al. 2014).   
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Human translocation of S. capensis has also been involved in its distribution in 

streams associated with False Bay and the Cape Peninsula.  Our samples from the 

Schusters, Lourens, and Dawidskraal are most closely related, and paraphyletic with, the 

Breede lineages.  If a natural dispersal is assumed, there is not an obvious candidate for 

river capture, although the Bot River (number 8 in Figure 2.8) has the lowest relief 

relationship with the Breede River (Riviersonderend tributary system).  If that’s where 

the dispersal occurred, the South Coast Clade could have then spread westward into the 

False Bay drainages which coalesced during low sea levels.  This expansion could also 

have been facilitated by the capture of the upper Palmiet River by the Steenbras River 

(number 9 in Figure 2.8) which surmounted the Hottentot’s Holland Mountains and gave 

access to False Bay.  The fact that False Bay lineages have not achieved monophyly with 

respect to the Breede lineages suggests that the dispersal event was relatively recent.  

However, nearly 75 years ago Barnard (1943) found no Sandelia in the Schusters or 

Palmiet (Hout Bay) rivers on the west side of the Cape Peninsula, and this is consistent 

with the difficulty of imagining how Sandelia could have gotten there without human 

assistance.  This also explains how the Schusters could share a haplotype with the 

Dawidskraal when the peninsular mountains, False Bay, and Cape Hangklip stand  

between them.  On the Cape Peninsula, Barnard (1943) only found Sandelia in the 

Liesbeek and Diep (Lakeside) rivers.  The Liesbeek empties into the Swart whose mouth 

is only 2 km from the mouth of the Diep River which is occupied by the West Coast 

clade.  It seems highly unlikely that the two rivers have either never joined or did so 

without gene flow or migration.  The Diep (Lakeside), not to be confused with the much 

larger Diep River (West Coast Clade) to the north, empties into False Bay.  Both of these 
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peninsular river systems are entirely within the Cape Town urban area, as are the other 

False Bay rivers except the Eereste and Lourens. The Lourens River population of 

Sandelia may also have been introduced since Barnard (1943) only found Galaxias 

inhabiting that river.  This is puzzling because the mouths of the Lourens and Eereste 

rivers are less than 5 km apart and they certainly joined not far off the current shore 

during low sea levels.  About a dozen alien fish have been introduced into Cape 

Peninsula and False Bay streams (Harrison 1997, 1998) since 1726 including Rainbow 

Trout (Oncorhynchus mykiss (Walbaum 1792)) in 1879 and Largemouth Bass 

(Micropterus salmoides (Lacepède 1802)) in 1928 (Ellender and Weyl 2014), both 

harmful predators of Sandelia.  It may well be that all Cape Peninsula and False Bay 

Sandelia populations were introduced.  Additional sampling in this area is needed to 

determine whether S. capensis was introduced, possibly as bait for bass and trout fishing, 

or native but extirpated by these alien predators or other human impacts that have been 

growing ever since the Cape of Good Hope Colony was founded. 

 

Alternative explanations and limitations of the study 
  

Over the history of S. capensis, we attributed most gene flow between currently 

isolated coastal river systems to rare transdivide dispersal, while paleoriver dispersal 

played a smaller role.  However, considering the 24 Ma history of S. capensis, the 

possibility of stochastic dispersal by biological vectors or waterspouts should be 

acknowledged.  There is only anecdotal evidence or reasoned speculation for the 

dispersal of freshwater fishes by the adherence of fish eggs to the feet or feathers of water 
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birds.  Soft propagules like fish eggs are unlikely to survive passage through a water 

bird’s gut (van Leeuwen et al. 2012) but Kleyheeg and van Leeuwen (2015) have shown 

that they might survive hours-long retention times if they are regurgitated, which water 

birds will often do after gorging on a suddenly available food source.  If fish eggs are also 

ingested and the bird flies off, it is likely that regurgitation will take place in another 

body of water since it is physiologically not possible during flight (Breitbach et al. 2012).  

Waterspouts and other high wind events are known to have transported fishes, with one 

documented case in South Africa, sometimes larger than the maximum size of S. capensis 

(Gudger 1946, Bajkov 1949).  The odds of successful colonization by these dispersal 

mechanism are enhanced by the limited ability of S. capensis to breathe air (Cambray 

1978), its hardiness in a wide variety of freshwater habitats (acidic to alkaline; turbid, 

muddy, or stagnant to clear and rocky; still to swift currents; low to high elevation 

(Harrison 1952, Cambray 1990)) and the low diversity of potential competitors (only 1–7 

species in each CFR stream).   

In general, our biogeographic conclusions are relatively robust because there is a 

close match between the time span of certain geological, climatic, and sea-level events, 

and the 95% HPD of the divergence time estimates.  The 95% HPD of divergences times 

of the three major clades took place almost entirely within a geologially stable, cool, dry 

period, which would have enhanced isolation and divergence, and a major marine 

transgression rendered nearly irrelevant by the isolating narrow continental shelf in the 

western and southwestern CFR.  The ranges of possible dates for nearly all subsequent 

divergences took place within the Pleistocene when the geology was stable and the 

climate and sea levels fluctuated with the glacial periods, providing limited opportunities 
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for interbasin gene flow via transdivide and paleoriver dispersal.  However, we 

acknowledge that, as with any study that depends on chronograms based on molecular 

data, evolutionary models, and fossil calibrations, there are many assumptions and 

parameter estimates that figure in the calculation of divergence times and the inference of 

phylogenies.  In particular, our sampling may not have been dense enough to detect some 

haplotypes, which would have exaggerated divergence times.  Future analyses of the 

biogeographic history of S. capensis will benefit from the use of additional genetic 

markers, denser sampling, and the discovery of more and better-dated fossils that reveal 

the potential impact of extinction on divergence time estimations.  The generality of our 

conclusions could be evaluated by incorporating the biogeographic histories of other 

obligate freshwater taxa, as well as terrestrial riparian organisms that have low vagility 

and an intolerance of non-riparian habitats. 

 

Conservation Implications 
 

This study identifies a number of historically isolated, reciprocally monophyletic  

lineages with allopatric distributions.  In order to properly designate evolutionary 

significant units (ESUs; Moritz 1994), a more densely sampled genetic assessment is 

needed.  However, considering the strong role of isolation in the phylogeographic history 

of S. capensis, the preservation of evolutionary heritage would best be accomplished by 

efforts to maintain that isolation, at least between currently isolated coastal river systems.  

Thus, we recommend treating metapopulations inhabiting each coastal river system as 

management units (MUs) or candidate ESUs.  Priority should be given to river systems, 
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other than those associated with False Bay, in the west and southwest (Verlorenvlei, 

Berg, Diep, Uilkraals, and Heuningnes rivers) where the drier climate and narrower 

continental shelf have created strong barriers to gene flow. 

Sandelia capensis is currently listed as Data Deficient due to taxonomic 

uncertainties but it is anticipated that several lineages will at least be assessed as 

threatened with extinction after the taxonomy has been revised (IUCN 2016).  Cuvier 

described S. capensis in the genus Spirobranchus in 1829 and listed the type locality as 

‘Cape of Good Hope’ when that was the official name of the British colony that then 

encompassed the entire range of S. capensis.  Thus, determining which of the three clades 

will be described and named as new species must await the assignment of the syntypes to 

one of those clades.  Morphological analyses and species descriptions are in progress and 

will be presented elsewhere. 

Some populations of S. capensis have been eliminated, and many others are 

threatened throughout the CFR, primarily by alien bass (Micropterus dolomieu, M. 

salmoides, M. punctulatus), sunfish (Lepomis macrochirus), trout (Oncorhynchus mykiss, 

Salmo trutta), and tilapia (Tilapia sparrmanii), but also by poor water quality, water 

abstraction, and the loss of genetic integrity (Cambray 2002, Darwall et al. 2009).  In 

addition, Nel et al. (2007) have assessed most of the rivers inhabited by S. capensis as 

critically endangered and the rest as endangered or vulnerable.  Splitting S. capensis into 

three species and multiple ESUs will increase the likelihood that a number of populations 

will be designated as endangered because the total population size and geographic range 

will be divided among them.  At the species level, this problem is particularly acute for 

the Klein River Clade, which is confined to a single, small coastal river system that is 
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critically endangered, and the West Coast Clade, which is limited to four coastal river 

systems (including the Langvlei River system sampled by Roos 2004) that are critically 

endangered except for some high elevation reaches that are endangered.  We recommend 

an urgent reassessment of the conservation status of S. capensis populations based on the 

findings herein. 

 

CONCLUSIONS 
 

Overall, long-term coastal drainage isolation, punctuated by rare transdivide 

dispersal events and limited paleoriver dispersal, best explains the generation and 

distribution of genetic lineages within S. capensis (Table S2.3).  Coastal drainage 

isolation was maintained by geological stability, a predominantly dry climate, and the 

limited opportunities for S. capensis to successfully disperse via paleorivers during low 

sea levels.  The isolation and divergence of the West Coast, Klein River, and South Coast 

clades would have likely happened without the concurrent Miocene and Early Pliocene 

marine transgression because of the isolating effects of a very narrow continental shelf, 

dry climate, and relatively stable geology.  However, the Early Pliocene transgression 

may have accelerated divergence by forcing the West Coast and Klein River clades into 

small upland refugia, which could have caused genetic bottlenecks, increased genetic 

drift, and/or encouraged adaptation to upland habitats.  This transgression also would 

have completely drowned short coastal river systems throughout the CFR and limited 

isolation times for subsequent colonizers to those drainages to less than 2.58 Ma.  While 

many opportunities for paleoriver dispersal in the CFR east of Cape Agulhas have existed 
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throughout the Pleistocene, their use by S. capensis lineages may be mostly limited to 

confluences close to the current shoreline or smaller rivers where the habitats are similar.  

Ecological, behavioral, or hydrodynamic barriers have prevented paleoriver dispersal in a 

number of instances.  Some cases of lineages found in different coastal river systems may 

be attributable to recent human translocation.   

The discovery of three cryptic species within S. capensis adds to the already high 

level of endemism for primary freshwater fishes in the CFR.  By virtue of their smaller 

population sizes and geographic ranges, the new species may be more vulnerable than S. 

capensis sensu lato to the existing impacts of alien fishes, water extraction, poor water 

quality, and the loss of genetic integrity.  Consequently, there is an urgent need for 

detailed conservation assessments of the three species and their major lineages.  This is 

especially true for the West Coast Clade and the narrow endemic Klein River Clade.  

Since the isolating effects of coastal mountains and the marine environment generated 

this diversity, future studies should determine whether a similar pattern occurs in other 

riverine taxa isolated between coastal mountains and the ocean around the world.  While 

such areas may harbor relatively few species, they are likely to be hotspots of freshwater 

endemism with undescribed cryptic species. 
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APPENDIX: JUSTIFICATION FOR FOSSIL CALIBRATIONS 

Ombilinichthys yamini Murray et al. 2015 (Node 1)  
 

We used the minimum age of 33.9 Ma to calibrate stem Osphronemus, or, the 

MRCA of Osphronemus and the closely related osphronemid Belontia. 

Until recently, the only known anabantoid fossils were two complete articulated 

skeletons and one body fragment of an osphronemid from the Sangkarewang Formation 

in the Pandang Highlands, Sumatra.  Sanders (1934) described these fossils and assigned 

them to the extant Osphronemus goramy, the only known Osphronemus species at the 

time, based on meristics and measurements but no detailed osteological assessment.  

When Roberts (1992) revised Osphronemus and described the new extant species O. 

laticlavius and O. septemfasciatus, he concurred that the fossils belonged to O. goramy 

based on Sanders’s (1934) description and meristics, although he specified no diagnostic 

characters.  The only other currently valid species in this genus is O. exodon (Roberts 

1994) which possesses external jaw teeth unique among anabantoids.  The Osphronemus 

fossil specimens described by Sanders have never been included in a phylogenetic study 

and are now presumed lost (Murray et al. 2014).  However, since it was the only known 

fossil anabantoid, Rüber et al. (2006) used it to calibrate their molecular phylogeny of 

anabantoids, but they concluded that the Osphronemus fossil could not be placed 

unambiguously in either the stem group or crown group of the genus.  Therefore, Rüber 

et al. (2006) used the Osphronemus fossil to calibrate the most recent common ancestor 

(MRCA) of Osphronemus (crown) and, alternatively, the MRCA of Osphronemus and its 

sister group Belontia (stem).  The crown group calibration generated mean estimates for 
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the age of the anabantoid root that were 26–38 Ma older than the oldest unquestioned 

perciform fossil (Rüber et al. 2006), and at least 27 Ma older than the anabantoid root 

estimates from two recent time-calibrated phylogenies of perciforms based on 37 (Near et 

al. 2013) and 60 (Betancur-R et al. 2013) fossil age constraints.  Therefore, the age of the 

Osphronemus fossils is best used to calibrate stem Osphronemus.  However, the recent 

discovery of a second anabantoid species from the Sangkarewang Formation provides a 

more justified calibration because the Osphronemus fossils have been analyzed with little 

more than measurements and meristics, they have not been studied in a phylogenetic 

context, and there is doubt about whether they belong to O. goramy, or even 

Osphronemus (Murray et al. 2014). 

Murray et al. (2014) described the second known anabantoid fossil, 

Ombilinichthys yamini, based on a complete articulated skeleton (PALITB/TLW-213–

2009) housed in the Paleontology Collections (PAL) of the Institut Teknologi Bandung 

(ITB), Indonesia.  This fossil was recovered from lacustrine deposits at the 

Datarmasiang-Tanahsirah Main Quarry (0°34’11.1”S, 100°46’6.7”E), Sangkarewang 

Formation, Talawi, Ombilin Basin, Barisan Mountain Range, Sumatera Barat (West 

Sumatra) Province, Sumatra, Indonesia.  It was described as a new species based on the 

fact that it has 15 caudal centra and 6 anal fin spines, compared to 21 caudal centra and 

11 anal fin spines in the Osphronemus fossil.  Examination of osteological 

synapormophies led Murray et al. (2014) to place Ombilinichthys in the Osphronemidae.   

From their phylogenetic analysis based on osteological characters, Osphronemus was 

basal to Ombilinichthys in four of the five shortest trees presented, sister to 

Ombilinichthys in the fifth, and basal to all other osphronemids in all five trees.  Rüber et 
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al. (2006) produced a nDNA and mtDNA molecular phylogeny in which the 

Osphronemus-Belontia clade was basal to all other osphronemids.  Therefore, since 

Osphronemus is basal to Ombilinichthys and all other osphronemids (morphological 

phylogeny), Osphronemus/Belontia is basal to all other osphronemids (molecular 

phylogeny), and the two fossils are the same age, then Ombilinichthys would be 

calibrating the same node (minimum age for stem Osphronemus = MRCA of 

Osphronemus and Belontia) that Rüber et al. (2006) calibrated with the Osphronemus 

fossil. 

The Sangkarewang Formation (Koesoemadinata and Matasak 1981), which comprises 

part of the intramontane Ombilin Basin, was formed by the accumulation of rift 

sediments as scree, alluvial deposits, and laminated lacustrine shales (De Smet and 

Barber 2005).  These strata contain many fish fossils, including both extant and extinct 

genera, in Osteoglossiformes (Notopterus Lacepède 1800, Scleropages Günther 1864, 

Musperia† Sanders 1934), Siluriformes (Pangasius Valenciennes 1840), Cypriniformes 

(Puntius Hamilton 1822, Rasbora Bleeker 1859), Gasterosteiformes (Protosyngnathus† 

Marck 1876), and Perciformes (Osphronemus, Toxodes Cloquet 1816) (Sanders 1934), 

but none are useful for dating the formation.  Although inconclusive due to provenance 

issues, palynological stratigraphy estimates an age of Late Eocene/Early Oligocene, 

37.0–28.5 Ma (Humphreys et al. 1991, De Smet and Barber 2005).  Based on 

stratigraphy, (Fatimah and Ward 2009, Zonneveld et al. 2012) placed the Sangkarewang 

Formation in the Eocene.  Because there is lingering uncertainty about the age of the 

Sangkarewang Formation, and the anabantoid fossil record is so poor, there is a 

reasonably high probability that the actual MRCA of Osphronemus and Belontia arose 
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much earlier than the offset of 33.9 Ma (the Eocene-Oligocene boundary) that we used.  

The origin of osphronemids has been estimated to have been 33–48 Ma (Near et al. 2013) 

or 61 Ma (Betancur-R et al. 2013) while the earliest skeletal perciform fossil is about 65 

Ma.  Therefore, we used a mean = 12.5 and a log(standard deviation) = 0.7 to make a 

lognormal distribution with 95% probability bound by a soft maximum of 65 Ma. 

 

Anchichanna kuldanensis Murray and Thewissen 2008 (Node 2)  
 

We calibrated the MRCA of Channidae and Anabantoidei with this fossil dated at 

48 Ma.  

Outside the anabantoids, the most closely related group with a useable fossil 

record are the snakeheads (Channidae, Anabantiformes), consisting of the Asian genus  

Channa Scopoli 1777 (35 extant species) and the African genus Parachanna Teugels and 

Daget 1984 (3 extant species).  The fossil channid, Eochanna chorlakkiensis Roe 1991, 

based on a partial left anguloarticular from Chorlakki, North West Frontier Province, 

Pakistan, has been used to calibrate the MRCA of Channoidea (Santini et al. 2009), the 

MRCA of Channidae and other perciforms (Adamson et al. 2010), and, incorrectly 

because it is not a member of either genus, the MRCA of Channa and Parachanna 

(Benziger et al. 2011).  However, fossils from the Chorlakki site were almost entirely 

reworked isolated bone fragments or teeth, collected from two different strata but not 

separated, so their true temporal provenance cannot be determined (Wells 1984, 

Thewissen et al. 2001).  In addition, the character used to distinguish E. chorlakiensis 

(the different orientation of, and spacing between, the facets for articulation with the 
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quadrate) may not be diagnostic considering the variation observed in Parachanna 

(Murray and Thewissen 2008).  Fortunately, for the studies that have used E. 

chorlakkiensis to calibrate the earliest channids, the age of the next most suitable fossil is 

similar to that assumed for E. chorlakkiensis. 

Murray and Thewissen (2008) described Anchichanna kuldanensis from a nearly 

complete neurocranium (holotype: H-GSP 92065; paratype: H-GSP 96377; referred 

material: H-GSP 96376, H-GSP 30247) housed in the Howard University Collection, 

Geological Survey of Pakistan, Islamabad.  These specimens are all fragments of the 

skull and lack the anguloarticular for comparison with E. chorlakkiensis.  The 

identification of A. kuldanensis as a channid is primarily based on the prootic forming 

most of the outer wall of the auditory bulla (Berg 1940, Murray and Thewissen 2008).  A. 

kuldanensis is distinguished from Channa by the lack of a raised area on the posterior 

ventral surface of the parasphenoid.  Unlike Parachanna, A. kuldanensis has no contact 

between the frontal and pterotic, and it has only two ridges on the sphenotic, as opposed 

to three in Parachanna.  A. kuldanensis has not been placed in a morphological or 

molecular phylogeny of channids, but it is currently the oldest known channid fossil.  All 

the A. kuldanensis fossils were recovered from freshwater redbeds of the Lower Kuldana 

Formation at H-GSP Locality 62 (33º38’00”N, 72º11’15”E) in the Kala Chitta Hills, 

Ganda Kas Area, Pakistan.  Sequence stratigraphy places the Kuldana Formation in the 

latest Ypresian stage of the early Eocene (Gingerich and Russell 1990, Bhatia and 

Bhargava 2005).  The latest date of the Ypresian stage is 47.8 Ma (Cohen et al. 2013; 

updated), but the A. kuldanensis fossil of the freshwater lower Kuldana Formation would 

be slightly older than the overlying marine layers of the upper Kuldana.  Therefore, we 
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conservatively date this fossil, the oldest known channid, at 48 Ma, and use it to calibrate 

the MRCA of Channidae and Anabantoidei.  The MRCA of Anabantoidei and Channidae 

has been estimated to have evolved 60–74 Ma (Near et al. 2013) or 70 Ma (Betancur-R et 

al. 2013).  To reflect the likelihood that the earliest channid is older than the fossil of A. 

kuldanensis, we forced 95% of the lognormal probability distribution to be younger than 

74 Ma, using mean = 10.5 and log(standard deviation) = 0.7. 

 

Parachanna fayumensis Murray 2006 (Node 3)  
 

This fossil was used to calibrate the MRCA of Parachanna and Channa at 34.2 

Ma. 

Murray (2006) described Parachanna fayumensis based on incomplete crania 

collected from Fayum (sometimes spelled Fayyum or Faiyum), Egypt (holotype: DPC 

1990, Cairo Geological Museum, Egypt; referred material: DPC 1721, 5735, 11243, 

12360, 13482, 14357, 15183, and 15434, Duke University Primate Center).  P. 

fayumensis was placed among the living Parachanna by a greatly reduced basioccipital 

flange, a steeply descending posterior slope of the supraoccipital, and a short vomer 

(Murray 2006).  Subsequently, Murray (2012) conducted an osteological study of 

channids and showed that both Parachanna and Channa are monophyletic, but an 

insufficient number of characters in P. fayumensis prevented its relationships with living 

Parachanna from being resolved.  This study included all 3 extant Parachanna plus the 

fossil P. fayumiensis, but only 2 of the 35 species of Channa.  Parachanna exhibited 7 

synapomorphic characters, but 5 of these could not be assessed in the fossil of P. 
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fayumensis.  Therefore, it is not known whether P. fayumiensis is a member of the crown 

or stem group of Parachanna.  Parachanna was also demonstrated to be monophyletic 

for the three extant species (P. insignis, P. africana (Steindachner 1879), and P. obscura 

(Günther 1861)) with mitochondrial DNA sequences (Li et al. 2006).  P. fayumensis is 

distinguished from extant congeners by having a raised, oval tooth patch on the posterior 

end of the ventral surface of the parasphenoid (Murray 2006). 

The P. fayumensis fossils were recovered from quarries P, M and locality 41, 

Jebel Qatrani Formation, Fayum Depression, 80 km southwest of Cairo, Egypt, along 

with fossils of other freshwater fishes (Murray 2004, 2006).  The Jebel Qatrani Formation 

was formerly thought to broadly straddle the Eocene-Oligocene boundary at about 35–33 

Ma based on paleomagnetic reversal stratigraphy (Kappleman 1992).  More recently, a 

revised correlation of magnetostratigraphies with those of the Taqah and Thaytiniti areas 

of the Ashawq Formation in Dhofar Province, Oman shifted the age of the Jebel Qatrani 

Formation almost entirely into the early Oligocene (Seiffert 2006).  Quarry P is in the 

same sheet gravel stratum as quarry M (Bown and Kraus 1988) from which material 

referred to P. fayumensis was recovered so, from Figure 3 in Seiffert (2006), the 

estimated age of the P. fayumensis crania is approximately 30 Ma.  However, the middle 

portion of a right dentary bone (DCP 17380) from locality 41, and a nearly complete right 

dentary (DCP 2663) from quarry M were also referred to Parachanna based on the 

presence of rows of both large and small teeth sockets, and an enlarged distal end of the 

dentary bearing multiple rows of small tooth sockets (Murray 2006).  While these fossils 

were not directly associated with any of the crania, it is likely that they belong to P. 

fayumensis (Murray 2006).  From Seiffert’s (2006) Figure 3, the age of DCP 17380 is 
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approximately 34.2 Ma, latest Eocene.  This is the oldest known fossil channid from 

Africa where all living and fossil taxa have been placed in Parachanna.  Based on this 

relatively old age, and the inability to assess more than two of the seven synapomorphies 

of Parachanna, we assume the P. fayumensis fossils represent stem-Parachanna and use 

34.2 Ma to calibrate the MRCA of Parachanna and Channa.  This node is likely older 

than the fossil of P. fayumensis but unlikely to be older than the estimates of the MRCA 

of Anabantiformes mentioned above.  Therefore, we use a soft bound of 74 Ma to contain 

95% of the probability distribution with mean = 12.7 and log(standard deviation) = 1.0. 

The oldest named Channa fossil, originally described in the genus Ophiocephalus 

Bloch 1793, is C. lydekkeri (Khare 1976) from the Middle Eocene Subathu Formation 

near the Beragua Coal field, Jammu and Kashmir, India.  This fossil was used by 

Adamson et al. (2010) to calibrate the Channa-Parachanna node.  However, while this 

fossil is 7–13 Ma older than P. fayumensis, none of the synapomorphies identified by 

Murray (2012) to distinguish Parachanna from Channa can be assessed from the 

description or figures in Khare (1976).  Thus, the assignment of C. lydekkeri to Channa 

cannot be justified and we refrain from using it.  All other channid fossils have either not 

been placed in a phylogeny (Parachannichthys ramnagrensis Gayet 1988 (Gayet)) from 

the middle Miocene of India), have not been identified or described (West 1984, Böhme 

2004), or are Channa fossils younger than P. fayumensis (Sahni and Khare 1977, Sahni et 

al. 1984, Van Neer and Gayet 1988, Van Neer 1994, Gaudant 1996, Gaudant and 

Reichenbacher 1998).  
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Table 2.1. Localities of collection sites for Sandelia capensis for this study with samples sizes of genetic markers sequenced. 
 
 

Catalog # Locality 
Coastal River 

System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 
Number of 

Tissues 
Sample Size by Gene 

 Cyt b         COI            S7          Cal-4 

SAIAB 186107 Verlorenvlei River Verlorenvlei 32.47218 18.54198 1 1 1 1 1 

SAIAB 186091 Kruismans River Verlorenvlei 32.60179 18.75039 9 4 4 4 3 

OS 20013 Kruismans River Verlorenvlei 32.60179 18.75039 1 0 0 0 0 

SAIAB 186114 Olifants River Berg 33.84601 19.12945 9 3 3 3 3 

OS 20014 Olifants River Berg 33.84601 19.12945 1 0 0 0 0 

SAIAB 203611 Berg River Berg 33.96185 19.06893 9 1 1 1 1 

SAIAB 186123 Berg River Berg 33.96185 19.06893 1 1 1 1 1 

SAIAB 186120 Klapmuts River Diep 33.72976 18.74887 10 4 4 3 4 

OS 20015 Klapmuts River Diep 33.72976 18.74887 2 1 1 1 1 

SAIAB 186085 Steenboks River Klein 34.27514 19.52500 1 1 1 0 1 

SAIAB 203612 Steenboks River Klein 34.27514 19.52500 12 12 12 2 10 
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Table 2.1. Continued. 

Catalog # Locality 
Coastal River 

System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 
Number of 

Tissues 
Sample Size by Gene 

 Cyt b         COI           S7         Cal-4 

OS 20012 Steenboks River Klein 34.27514 19.52500 2 1 2 6 1 

SAIAB 186079 Kars River Heuningnes 34.41320 19.82038 8 5 5 2 2 

SAIAB 186082 Uilkraals River Uilkraals 34.53080 19.53468 8 4 4 1 1 

OS 20017 Uilkraals River Uilkraals 34.53080 19.53468 2 1 1 0 0 

SAIAB 186089 Schusters River Schusters 34.20209 18.37325 10 2 2 0 0 

SAIAB 186117 Lourens River Lourens 34.09709 18.82699 6 2 2 0 0 

SAIAB 186126 Dawidskraal River Dawidskraal 34.36602 18.87086 10 2 2 1 1 

SAIAB 186146 Wolwekloof River Breede 33.56926 19.13869 2 2 2 1 1 

SAIAB 186154 Koekedou River Breede 33.35952 19.29668 7 4 4 1 1 

OS 20016 Koekedou River Breede 33.35952 19.29668 2 1 1 0 0 

SAIAB 186131 Amandel River Breede 33.98875 19.18437 2 0 0 0 0 

SAIAB 186037 Vet River Goukou 34.02184 21.22593 15 6 6 0 0 
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Table 2.1. Continued. 

Catalog # Locality 
Coastal River 

System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 
Number of 

Tissues 
Sample Size by Gene 

 Cyt b         COI           S7         Cal-4 

SAIAB 186164 Nels River Gourits 33.46986 21.73425 10 4 4 1 1 

SAIAB 186158 Smits River Gourits 33.46780 21.73550 1 0 0 0 0 

SAIAB 203610 Weyers River Gourits 34.02496 21.58376 7 2 2 0 0 

SAIAB 186032 Weyers River Gourits 34.02496 21.58376 1 1 1 0 0 

SAIAB 186035 Witels River Gourits 33.99727 21.54613 5 2 2 0 0 

SAIAB 186075 unnamed tributary Duiwenhoks 33.97839 21.03233 11 4 4 0 0 

OS 20018 unnamed tributary Duiwenhoks 33.97839 21.03233 4 2 2 0 0 

SAIAB 186027 Malgas River Gwaing 33.93754 22.42207 4 1 1 0 0 

SAIAB 186030 Rooi River Gwaing 33.94753 22.45845 4 2 2 0 0 

SAIAB 186029 Rooi River Gwaing 33.95108 22.45592 4 1 1 1 1 

SAIAB 186026 Gouna River Knysna 33.99044 23.04013 8 1 1 0 0 

SAIAB 186021 Bosfontein River Bietou 34.00302 23.33409 6 1 1 1 1 
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Table 2.1. Continued. 

Catalog # Locality 
Coastal River 

System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 
Number of 

Tissues 
Sample Size by Gene 

 Cyt b         COI           S7         Cal-4 

OS 20020 Bosfontein River Bietou 34.00302 23.33409 2 0 0 0 0 

SAIAB 186176 Kruger River Krom 33.87460 24.00897 5 5 5 0 0 

SAIAB 186018 Klipdrift River Klipdrift 34.11876 24.53810 1 1 1 0 0 

SAIAB 186016 Rondebo River Seekoei 33.97900 24.77885 8 4 4 1 1 

SAIAB 186014 Draaifontein River Maitland 33.95763 25.33385 9 4 4 0 0 

OS 20019 Draaifontein River Maitland 33.95763 25.33385 2 1 1 0 0 

SAIAB 186015 Draaifontein River Maitland 33.95254 25.33530 5 2 1 0 0 

SAIAB 186172 Baakens River Baakens 33.95515 25.51370 9 5 5 2 2 

    TOTALS 234 100 100 34 38 
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Table 2.2. Specimens and genes sequenced for use as outgroups in phylogenetic analyses. 
SAIAB = South African Institute for Aquatic Biodiversity Grahamstown, South Africa. 
CUMV = Cornell University Museum of Vertebrates, Ithaca, New York, USA. 
 
 

 
Species 

 
Museum 

 
Catalog Number 

Genes Sequenced in this 
study 

Sandelia bainsii SAIAB 193890 COI, Cal-4 

Ctenopoma multispine CUMV 91232 COI, Cyt b, Cal-4, S7 

Ctenopoma multispine SAIAB 95925 COI, Cyt b, Cal-4, S7 

Microctenopoma nanum CUMV 93020 COI, Cyt b,  

Microctenopoma nanum CUMV 97241 COI, Cyt b, Cal-4 

Microctenopoma intermedium SAIAB 95905 COI, Cyt b, Cal-4 

Microctenopoma intermedium SAIAB 101079 COI, Cyt b, Cal-4 
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Table 2.3. Species, loci, accession numbers, and original sources for sequences downloaded from GenBank and used in the initial BEAST  
analysis for fossil calibrated taxa. 
 
Species Locus Accession Number Source 
Belontia signata cytochrome b AY763744.1 Rüber et al. 2006 

Belontia hasselti cytochrome b AY763743.1 Rüber et al. 2006 

Belontia hasselti COI KM213043.1 A. Wibowo (unpublished) 

Osphronemus septemfasciatus cytochrome b AY763769.1 Rüber et al. 2006 

Osphronemus exodon cytochrome b AY763767.1 Rüber et al. 2006 

Osphronemus goramy cytochrome b AY763768.1 Rüber et al. 2006 

Channa maculata - 1 cytochrome b, COI KC823606.1 Zhang et al. (unpublished) 

Channa maculata - 2 cytochrome b, COI JX978724.1 Zhu et al. 2013 

Parachanna insignis - 1 cytochrome b, COI NC_022480.1 Miya et al. 2013 

Parachanna insignis - 2 cytochrome b, COI AP006042.1 Miya et al. 2013 

Synbranchus marmoratus - 1 cytochrome b, COI KC880286.1 Utsunomia et al. (unpublished) 

Synbranchus marmoratus - 2 cytochrome b, COI KC880239.1 Utsunomia et al. (unpublished) 
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Table 2.4. Primer names, primer sequences, and references for the two mitochondrial (cytochrome b and COI) and two nuclear introns 
(Calmodulin-4 and S7) loci used in this study. 
 
Locus               Primer  Primer Sequence   Source 
Cytochrome b L14841 F: 5'-CCAACATCTCAGCATGATGAA-3'   Kocher 1989 
 H16091 R: 5'-GTATCATTCTGGTTTGATGTG-3' 
 
COI  VF2_t1 F: 5'-TGTAAAACGACGGCCAGTCAACCAACCACAAAGACATTGGCAC-3' Ivanova et al. 2007 
 FR1d_t1 R: 5'-CAGGAAACAGCTATGACACCTCAGGGTGTCCGAARAAYCARAA-3' 
   
 FishF2_t1 F: 5'-TGTAAAACGACGGCCAGTCGACTAATCATAAAGATATCGGCAC-3' 
   
 FishR2_t1 R: 5'-CAGGAAACAGCTATGACACTTCAGGGTGACCGAAGAATCAGAA-3'  
 
Calmodulin-4 CALMex4F F: 5'-CTGACCATGATGGCCAGAAA-3'  Chow 1998 
 CALMex5R R: 5'-GTTAGCTTCTCCCCCAGGTT-3' 
 
S7 S7RPEX1F F: 5'-TGGCCTCTTCCTTGGCCGTC-3'  Chow and Hazama 1998 
 S7RPEX2R  R: 5'-AACTCGTCTGGCTTTTCGCC-3' 
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Table 2.5. Pairwise percent sequence differences for cytochrome b and COI between populations of Sandelia capensis for different coastal 
river systems.  Values in bold along the diagonal indicate mean percent sequence variation within each coastal river system or clade. River 
systems where sample size = 1 are indicated by “NA”.  Comparison of lineages within major clades are indicated by color: West Coast 
(blue), Klein River (red), and South Coast (green).  Comparison between lineages from different major clades (putative species) are colored 
gray.  Inset table shows average pairwise percent sequence differences between (shaded gray), and mean percent sequence variation within 
(bold diagonal values), the major clades. 
 
 
Coastal River  1  2  3  4  5  6  7  8  9  10           Clade  West Coast  Klein River   South Coast 
  1. Verlorenvlei 0.3           West Coast      1.1      
  2. Berg 0.8 0.1          Klein River      6.7       0.0    
  3. Diep 1.8 1.7 0.1         South Coast      6.5       4.0           1.3  
  4. Klein 7.0 6.5 6.6 0.0                  
  5. Schusters 7.0 6.4 6.6 4.1 0.6                 
  6. Lourens 6.8 6.3 6.4 4.1 0.3 0.0                
  7. Dawidskraal 7.1 6.6 6.7 4.1 0.4 0.6 0.1               
  8. Uilkraals 6.5 6.0 6.0 3.9 1.2 1.1 1.3 0.0    11  12  13  14  15  16  17  18  19  20  21 
  9. Heuningnes 6.5 6.1 5.9 3.8 1.3 1.2 1.3 0.8 0.0             
10. Breede 7.0 6.4 6.7 4.1 0.8 0.6 0.9 1.3 1.4 0.4            
11. Duiwenhoks 6.1 5.7 6.1 3.9 1.2 1.1 1.3 0.9 1.2 1.4 0.0           
12. Goukou 6.6 6.2 6.2 4.0 1.3 1.3 1.4 1.2 1.3 1.5 0.8 0.0          
13. Gourits 6.8 6.3 6.3 4.1 1.4 1.3 1.4 1.3 1.4 1.6 1.0 0.8 0.2         
14. Gwaing 6.6 6.2 6.2 3.9 1.2 1.1 1.2 1.1 1.2 1.4 0.8 0.5 0.6 0.2        
15. Knysna 6.5 6.0 6.1 3.8 1.0 1.0 1.1 1.2 1.3 1.4 0.8 0.6 0.6 0.4 NA       
16. Bietou 6.6 6.1 6.2 3.8 1.3 1.3 1.4 1.5 1.6 1.5 1.2 1.0 1.0 0.8 0.5 NA      
17. Klipdrift 6.8 6.3 6.4 4.1 1.3 1.3 1.4 1.2 1.3 1.5 0.8 1.0 1.2 1.0 1.0 1.4 NA     
18. Krom 6.7 6.4 6.4 4.1 1.8 1.8 1.9 1.6 1.5 2.0 1.3 1.4 1.4 1.3 1.4 1.6 1.4 0.0    
19. Swart 6.8 6.3 6.6 4.1 1.5 1.3 1.6 1.4 1.3 1.7 0.9 1.3 1.4 1.1 1.1 1.4 1.1 1.3 0.0   
20. Maitland 7.0 6.7 6.8 4.2 1.8 1.8 1.9 1.4 1.6 2.0 1.5 1.6 1.6 1.5 1.4 1.8 1.6 1.6 1.5 0.0  
21. Baakens 7.1 6.8 6.9 4.3 1.9 1.8 2.0 1.5 1.7 2.0 1.6 1.6 1.7 1.5 1.6 1.9 1.5 1.7 1.5 0.2 0.0 
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Table S2.1. Percent mtDNA sequence divergence for Sandelia capensis populations,  
minimum continental shelf width, and distance between river mouths for adjacent 
sampled pairs of coastal river systems. 
 
 
 
River Pair 

% mtDNA 
Sequence 

Divergence 

Minimum Continental 
Shelf Width Between 

Rivers (km) 

 
Distance Between 
River Mouths (km) 

Verlorenvlei –  Berg 0.8 43 53 

Berg – Diep 1.7 10 128 

Diep – Schusters 6.6 9 36 

Schusters – Lourens 0.3 9 42 

Lourens – Dawidskraal 0.6 23 30 

Dawidskraal – Klein 4.0 23 40 

Klein – Uilkraals 3.8 23 23 

Uilkraals – Heuningnes  0.8 28 66 

Heuningnes – Breede 1.4 76 76 

Breede – Duiwenhoks 1.4 116 14 

Duiwenhoks – Goukou  0.8 102 39 

Goukou – Gourits 0.8 98 43 

Gourits – Gwaing 0.6 83 60 

Gwaing – Knysna 0.4 84 58 

Knysna – Bietou 0.5 67 30 

Bietou – Klipdrift 1.4 50 117 

Klipdrift – Krom 1.4 33 19 

Krom – Seekoei 1.3 38 9 

Seekoei – Maitland 1.5 52 31 

Maitland – Baakens 0.3 35 38 
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Table S2.2. Mean divergence times and 95% highest posterior densities for coastal river system populations of  
Sandelia capensis from the Step 2 BEAST analysis (Figure 2.7).  Collection site numbers are identified in Table 2.1. 
 
 
Probable Paleoriver 

Collection 
Site Numbers 

Coastal River  
System 

Mean Divergence  
Time (Ma) 

 
95% HPD (Ma) 

Verlorenvlei 1,2 Verlorenvlei 1.15 1.93 – 0.48 

Berg 3, 4 Berg 1.15 1.93 – 0.48 

Diep 5 Diep 2.10 3.40 – 0.91 

False Bay 9, 10, 11 False Bay 1.65 2.59 – 0.75 

Klein 6 Klein 4.15 6.44 – 1.91 

Uilkraals 8 Uilkraals 1.23 2.01 – 0.50 

Heuningnes-Breede-Duiwenhoks 7 Heuningnes 1.23 2.01 – 0.50 

Heuningnes-Breede-Duiwenhoks 12, 13, 14 Breede 1.65 2.59 – 0.75 

Heuningnes-Breede-Duiwenhoks 20 Duiwenhoks 1.10 1.85 – 0.41 

Goukou-Gourits 15 Goukou 0.54 0.94 – 0.17 

Goukou-Gourits 16, 17, 18, 19 Gourits 0.78 1.31 – 0.32 

Gwaing-Knysna 24 Knysna 0.51 0.94 – 0.15 
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Table S2.2. Continued.     

 
Probable Paleoriver 

Collection 
Site Numbers 

Coastal River  
System 

Mean Divergence  
Time (Ma) 

 
95% HPD (Ma) 

Bietou 25 Bietou 0.51 0.94 – 0.15 

Klipdrift 27 Klipdrift 1.10 1.85 – 0.41 

Krom-Seekoei-Maitland 26 Krom 1.27 2.02 – 0.56 

Krom-Seekoei-Maitland 28 Seekoei 1.27 2.02 – 0.56 

Krom-Seekoei-Maitland 29, 30 Maitland 0.39 0.71 – 0.13 

Maitland 31 Baakens 0.39 0.71 – 0.13 
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Table S2.3. Biogeographic hypothesis evaluation summary.  Four biogeographic 
hypotheses to explain the diversification and distribution of Sandelia capensis with 
supporting (✔) or refuting (✗) lines of evidence. 
 

Paleoriver Dispersal 
✗  Narrow continental shelf in west and southwest likely prevented river  
        confluences 
✗  Divergences of all lineages are much older than LGM and other marine   
        regressions 
✗  No clades corresponded to paleoriver systems 
✔ Some support from other studies for limited paleoriver use where confluence is  
        close to current shoreline, and rivers are short and close together 
✔  Important caveat: our sampling likely missed some shared haplotypes and over- 
         estimated divergence. 
✗  No relationship between % genetic divergence and continental shelf width or       
         the distances between river mouths for neighboring coastal drainages 
✗  Steepness of continental shelf near current coast may have blocked dispersal via  
         paleoriver confluences 
✗  Three allopatric lineages in the Breede River suggest that Sandelia capensis has  
         not successfully migrated via confluences of the main tributaries 

Transdivide Dispersal 
✔  Closer genetic relationships between populations that are in adjacent coastal  
         river systems but different paleoriver systems 
✔  Limited evidence for paleoriver dispersal from other studies 
✔  Post African Uplift II overlapped the Klein River-South Coast split 
✔  Likely river captures identified for a number of divergences 
✔  Sandelia is a primary freshwater fish so dispersal must be in fresh water 

Coastal Drainage Isolation 
✔  Most haplotypes are allopatrically distributed and endemic to a single coastal  
         river system 
✔  Deep genetic divergences and lack of gene flow between coastal river systems 
✔  Steep, narrow continental shelf prevented paleoriver dispersal in the west and       
         southwest 
✔  Relatively stable geology limited erosion so transdivide dispersal has likely  
         been rare 
✔  Usually dry climate limited erosion so transdivide dispersal has likely been rare 
✔  Sandelia capensis is a primary freshwater fish so it is unable to disperse via  
         marine waters 
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TableS2.3. Continued 
 

Marine Transgression Isolation 
✗  Marine transgression only overlaps West-South and Klein-South splits 
✗  West Coast, South Coast, and Klein River clades already isolated by narrow  
         continental shelf so marine transgression would have had no significant  
         effect 
✗  The three Breede River lineages separated nearly 2 Ma after last major  
         transgression 
✔  Possible bottleneck, genetic drift, and/or adaptation to high elevation habitats  
         may have augmented divergence of small refugial populations during high  
         sea levels 
✔  All divergence times of short or low-elevation coastal systems are younger that  
         the Pliocene marine transgression. 
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Figure 2.1. Map of the study area with geographic ranges of Sandelia capensis (blue) and S. bainsii (purple).  Separating these 
ranges is a gap (green) where no Sandelia are present or historically native.  S. capensis has been introduced to the Olifants 
River system (red).  The native geographical range of S. capensis is contained within the Cape Fold Freshwater Ecoregion 
(black line).  Hypothesized paleorivers below current sea level that would have existed during the low sea levels of marine 
regressions are based on Swartz et al. 2009.  Dashed blue line indicates the border between the Atlantic and Indian oceans. 
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Figure 2.1
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Figure 2.2. Biogeographic hypotheses for explaining the current phylogeography of 
Sandelia capensis.  For each map, different colors for rivers imply different historically 
isolated lineages.  Only sampled coastal river systems are shown.  Phylogenies are 
generalized to illustrate the depth of divergences relative to biogeographic events such as 
the low sea levels during the last glacial maximum (LGM), or high sea levels during the 
Early Pliocene marine transgression.  (A) Coastal Drainage Isolation predicts deep 
divergences between currently isolated river systems without much evidence of gene 
flow during Pleistocene marine regressions.  (B) Marine Transgression Isolation during 
the Early Pliocene should have caused divergence between major tributaries of large river 
systems that had confluences below the highstand.  This study has data for only one such 
case within the Breede River system (white oval).  Lineages in small coastal rivers which 
would have been completely drowned should have split from nearby coastal rivers more 
recently than the Early Pliocene. Light blue area shows land up to 200m in elevation that 
would have been submerged by the transgression. (C) Paleoriver Dispersal would have 
allowed gene flow between currently isolated coastal river systems that had low sea level 
confluences during the LGM so there should be shallow divergences between now 
isolated tributaries of paleorivers.  Where the continental shelf is relatively narrow in the 
west and southwest, few such confluences would have been possible and deep 
divergences would have been maintained.  (D) Transdivide Dispersal would be evident 
where there are shallow or no divergences between tributaries of different paleoriver 
systems (three examples are marked by white ovals).  Yellow dashed lines indicate the 
border between the Atlantic and Indian oceans. 
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Figure 2.2. 
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Figure 2.2. Continued. 
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Figure 2.3. Map of river systems and sampling localities for this study showing the 
distribution of historically isolated lineages throughout the geographic range of Sandelia 
capensis.  Each coastal river system is indicated by a unique combination of color and 
shape.  The three major clades revealed by molecular analyses in this study are indicated 
by circles (West Coast Clade), a star (Klein River Clade), and convex polygons (South 
Coast Clade).  Yellow dashed line indicates boundary between the Atlantic and Indian 
oceans. 
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Figure 2.4. Maximum likelihood (RAxML) phylogeny based on mitochondrial 
cytochrome b and cytochrome c oxidase subunit I, and nuclear intron S7 and calmodulin-
4 sequences from 101 individuals of Sandelia capensis collected throughout its range.  
The clades with ML bootstrap values/Bayesian posterior probabilities had the same 
topology in the Bayesian inference (MrBayes) phylogeny (not shown).  The scale bar for 
branch length represents the number of nucleotide substitutions per sequence position.  
Outgroup branches were shortened, indicated by breaks, to fit the figure on the page.  
Image is of specimen WB12-AT210, SAIAB #186091 (SL = 73.8 mm) from the 
Verlorenvlei River (West Coast Clade). 
 
 

 
 
Figure 4. Maximum likelihood (RAxML) phylogeny based on mitochondrial cytochrome 
b and cytochrome c oxidase subunit I, and nuclear intron S7 and calmodulin-4 sequences 
from 101 individuals of Sandelia capensis collected throughout its range.  The clades 
with ML bootstrap values/Bayesian posterior probabilities had the same topology in the 
Bayesian inference (MrBayes) phylogeny (not shown).  The scale bar for branch length 
represents the number of nucleotide substitutions per sequence position.  Outgroup 
branches were shortened, indicated by breaks, for better presentation. 
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Figure 2.5. Median-joining haplotype network of Sandelia capensis throughout its 
geographic range based on cytochrome b and cytochrome c oxidase subunit I sequences. 
Within each clade, circle size indicates relative frequency of the haplotype and color 
indicates the coastal river system where it occurs.  Black hash marks on the branches 
represent inferred nucleotide substitutions and each branch segment represents a mutation 
of one base pair.  The number of base pair mutations between the three major clades are 
given in the large open circles. 
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Figure 2.6. Chronogram for Step 1 of divergence time estimation for Sandelia capensis, based on a Bayesian coalescent 
analysis using BEAST.  Mean divergence times (Ma) are given for the two nodes, indicated by black dots, that provided 
divergence time calibrations used in Step 2 (Fig. 7).  Node bars show 95% highest posterior densities for the divergence 
estimates.  Fossil calibrated nodes are indicated by numbered red dots: 1 = Ombilinichthys yamini; 2 = Anchichanna 
kuldanensis; 3 = Parachanna fayumensis.  Major clades of S. capensis are indicated by color 
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Figure 2.6. 
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Figure 2.7. Chronogram for Step 2 of divergence time estimation for Sandelia capensis, 
based on a constant population size coalescent analysis using BEAST.  Mean divergence 
times (Ma) discussed in the text are indicated above the nodes.  The two divergence time 
estimates used from Step 1 are indicated by red dots: MRCA of Sandelia and MRCA of 
S. capensis.  Node bars show 95% highest posterior densities for the divergence 
estimates.  Major clades are indicated by color.  Colored bars above the time scale 
indicate major events and trends in geology, climate, and sea level in the CFR.  
Pleistocene – Holocene bars for climate and sea level represent multiple cycles and are 
not to scale or representative of a specific number. 
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Figure 2.8. Western and southwestern portion of the range of Sandelia capensis showing 
major river systems and other geographic features.  Numbers indicate places where 
transdivide dispersal may have occurred and are described in the text.  River colors 
indicate major clades: West Coast (blue), Klein River (red), and South Coast (green).  S. 
capensis has been introduced to the Olifants River system (black).  Dashed red line marks 
boundary between the Atlantic and Indian oceans. 

 
 
Figure 8. Western and southwestern portion of the range of Sandelia capensis showing 
major river systems and other geographic features.  Numbers indicate places where 
transdivide dispersal may have occurred and are described in the text.  River colors 
indicate major clades: West Coast (blue), Klein River (red), and South Coast (green).  S. 
capensis has been introduced to the Olifants River system (black).  Dashed red line marks 
boundary between the Atlantic and Indian oceans. 
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Figure S2.1. Expanded maximum likelihood (RAxML) phylogeny (from Figure 2.4) of 
the South Coast Clade of Sandelia capensis based on mitochondrial cytochrome b and 
cytochrome c oxidase subunit I, and nuclear intron S7 and calmodulin-4 sequences.  
Numbers are maximum likelihood bootstrap values/Bayesian posterior probabilities (the 
latter from the MrBayes phylogeny, not shown).  Nodes without posterior probabilities 
did not appear in the Bayesian inference phylogeny.  The scale bar for branch length 
represents the number of nucleotide substitutions per sequence position.   
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Figure S2.2. Maximum Likelihood (RAxML) phylogeny based on concatenated 
mitochondrial cytochrome b and cytochrome c oxidase subunit I sequences from 101 
individuals of Sandelia capensis collected throughout its range.  Major clades are labeled 
with ML bootstrap values/Bayesian posterior probabilities (Bayesian inference MrBayes 
phylogeny not shown).  The scale bar for branch length represents the number of 
nucleotide substitutions per sequence position.  Outgroup branches were shortened, as 
indicated by breaks, to fit the figure on the page. 
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Figure S2.3. Maximum likelihood (RAxML) phylogeny based on nuclear intron S7 
sequences from 34 specimens of Sandelia capensis collected throughout its range.   
Bootstrap values of major clades are indicated.  The scale bar for branch length 
represents the number of nucleotide substitutions per sequence position.  Outgroup 
branches were shortened, as indicated by breaks, to fit the figure on the page. 
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Figure S2.4. Maximum likelihood (RAxML) phylogeny based on nuclear intron 
calmodulin-4 sequences from 34 specimens of Sandelia capensis collected throughout its 
range.   Bootstrap values for the most supported clades are indicated.  The scale bar for 
branch length represents the number of nucleotide substitutions per sequence position.   
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Figure S2.5. Maximum likelihood (RAxML) phylogeny based on nuclear intron S7 and 
calmodulin-4 sequences from 38 specimens of Sandelia capensis collected throughout its 
range.   Bootstrap values of major clades are indicated.  The scale bar for branch length 
represents the number of nucleotide substitutions per sequence position.  Outgroup 
branches were shortened, indicated by breaks, to fit the figure on the page. 
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Figure S2.6. Percent mtDNA sequence divergence between Sandelia capensis 
populations in closest pairs of coastal river systems plotted against the minimum 
continental shelf width between each pair of rivers (above) and the distance between river 
mouths of each pair of rivers (below) with least squares regression lines.  For raw data 
see Table S6. 

 
 
Figure S5. Percent mtDNA sequence divergence for Sandelia capensis populations in 
closest pairs of coastal river systems plotted against the minimum continental shelf width 
between each pair of rivers (above) and the distance between river mouths of each pair of 
rivers (below).  For raw data see Table S6. 
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Figure S2.7. Boxplots of percent mtDNA sequence divergence for Sandelia capensis 
comparing closest geographic pairs of sampled rivers from a region with a narrow 
continental shelf (west of Cape Agulhas, mean = 2.54%, n = 7) to a region with a wide 
continental shelf (east of Cape Agulhas, mean = 0.98%, n = 12). 
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Figure S2.8. Boxplots of percent mtDNA sequence divergence for Sandelia capensis 
comparing closest geographic pairs of sampled rivers that are in different hypothesized 
paleoriver systems (mean = 1.94%, n = 11) vs. sharing the same hypothesized paleoriver 
system (mean = 1.01%, n = 9). 
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Figure S2.9. Elevation profiles of South Coast Clade paleorivers from the current sea-
level shoreline to the sea-level shoreline at the last glacial maximum (dashed line).  These 
graphs illustrate the steep gradients close to the current shoreline that may have prevented 
Sandelia capensis from dispersing between currently isolated coastal rivers that had 
confluences during periods of low sea levels (down to -130 m).  Elevation profiles were 
redrawn from graphs produced in Google Earth (Google Earth 2016).  This figure 
continues on the following three pages. 
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Figure S2.9. Continued. 
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Figure S2.9. Continued. 
 
 
 



 

 

110 

 
 
 

 
 
Figure S2.9. Continued. 
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ABSTRACT 
 

Based on genetic sequence data, we previously hypothesized that the Cape 

Kurper, Sandelia capensis (Cuvier 1829), (Anabantidae), of the Cape Region of South 

Africa, is composed of three species: Sandelia sp. [West Coast], Sandelia sp. [Klein 

River], and Sandelia sp. [South Coast].  Here, we used linear morphometrics, meristics, 

and geometric morphometrics to look for diagnostic characters and assess morphological 

support for these putative species. Principal components analysis, canonical variates 

analysis, and multivariate analysis of variance revealed statistical and diagnostic support 

for all three species.  However, we found no single or small set of characters that could 

distinguish the species.  There was greater morphological variation within the putative 

species than between them, and populations from different river systems were more 

easily distinguished, whether they come from the same or different species.  Discriminant 

functions required 35–40 linear measurements, or 20 meristics, to completely separate the 

species, indicating strong morphological stasis despite 4–8 Ma of isolation.  This 

morphological stasis may reflect niche conservatism due to a relatively stable 

geomorphology and climate, the generalist niche of S. capensis sensu lato, and the lack of 

competition and predation selection pressure from other fishes. 

 

INTRODUCTION 
 

The history of taxonomy reflects a natural human tendency to notice large 

morphological differences before small ones in the recognition of species.  Cryptic 

species—two or more species that are incorrectly treated as one because their identity is 
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hidden by morphological similarity—have only been scientifically recognized since 1718 

(Winker 2005), although since a much earlier time indigenous peoples have distinguished 

between some cryptic species with nonvisual cues such as calls and habitat (Diamond 

1966).  In recent decades the discovery of cryptic species has increased exponentially, 

largely due to the analysis of genetic sequences (Bickford et al. 2007).  However, 

morphological data and analyses are still needed to provide additional, independent lines 

of evidence for species hypotheses, external characters for specimen identification, and 

data for studies of evolution, ecology, and behavior. 

The primary freshwater ichthyofauna of the coastal river systems of the Cape Fold 

Freshwater Ecoregion Region of South Africa is highly endemic but species poor.  

However, recent studies have suggested that additional cryptic species have yet to be 

described.  The Cape Kurper, Sandelia capensis (Cuvier 1829) (Anabantiformes: 

Anabantidae), is a primary freshwater fish endemic to, but widespread within, coastal 

streams in this region (Skelton 2001).  Under the Unified Species Concept (de Queiroz 

2007), Bronaugh (Chapter 2) hypothesized that this species comprises three allopatric and 

cryptic species: one in western drainages, one endemic to the Klein River, and one 

broadly distributed along the south coast (Figure 3.1).  Currently, the evidence for these 

putative cryptic species consists of mitochondrial sequence divergences of 4.0 to 6.7% 

between species, reciprocal monophyly in a multilocus mtDNA and nDNA phylogeny, 

mtDNA base pair synapomorphies, and allopatric isolation for 4–8 Ma (Bronaugh 

Chapter 2).  Morphological data and analyses are needed to evaluate morphological 

support for these species and to provide characters for their description and identification. 
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The few morphological studies of Sandelia capensis sensu lato have been 

preliminary or focused on internal or non-adult features.  Barnard (1943) qualitatively 

described geographic variation in the number of dorsal and anal spines and suggested that 

body shape varied with age, geographic location, and pH of the aquatic habitat.  The first 

detailed description and illustration of the skeleton of S. capensis was carried out by 

Liem (1963) as part of an osteological study of the Anabantoidei, but the focus of that 

study was at the genus and family level.  Elsen (1976) described variation in the swim 

bladder and labyrinth organ in anabantids including S. capensis.  The osteology of S. 

capensis was revisited by Norris (1994a) in a comparative study of the anabantids.  In 

another comparative study of anabantoids Britz and Cambray (2001) detailed the 

morphology of egg surfaces and larval attachment organs in S. capensis.  All these 

studies were of a limited number of specimens from relatively few sites within the 

geographic range of S. capensis sensu lato.  To date, a range-wide, detailed 

morphological analysis of Sandelia capensis sensu lato has not been conducted. 

This study aims to determine if morphological variation supports the proposed 

species hypotheses.  Specifically, the objectives are to (1) test for and characterize 

morphological differences between the three putative species of Sandelia identified by 

molecular data and allopatric distributions in Bronaugh (Chapter 2), and (2) to discover 

diagnostic morphological characters of those taxa for use in the species descriptions and 

identification of individual Sandelia capensis sensu lato in collections and the field.  We 

find statistical differences in body shape and meristics, and diagnostic differences in 

combinations of linear measurements, that support the validity of the putative species 

distinguished by molecular analysis.   
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MATERIALS AND METHODS 

Sample collection 
 

Two of us, WB and ES, collected 768 Sandelia capensis specimens from 31 sites 

representing all known mitochondrial DNA lineages (Roos 2004, Chakona et al. 2013, 

Bronaugh, Chapter 2) between February 8 and March 1, 2012 (Figure 3.2, Table 3.1).  

We captured fish by seine netting, dip netting, and electrofishing.  To facilitate the 

handling of live specimens for photography we anesthetized them with a dilute aqueous 

solution of tricaine methane sulfonate (MS–222), buffered to neutrality with sodium 

bicarbonate.  We then euthanized them with a more concentrated solution of MS–222 

(approximately 2g/L).  All voucher specimens were fixed in a 10% formalin solution and 

stored in 50% isopropanol.  These collections and procedures were approved by the 

Institutional Animal Care and Use Committee at Oregon State University (ACUP 4283) 

and a CapeNature (South Africa) review panel (permit AAA–04–000205–0035).  All 

specimens were deposited in the national fish collection at the South African Institute for 

Aquatic Biodiversity (SAIAB) in Grahamstown, South Africa.  To increase some sample 

sizes for geometric morphometrics we borrowed an additional 42 preserved specimens 

from SAIAB (Table 3.1). 

 

Linear morphometrics and meristics 
 

One person (WB) took all measurements directly from the left side of the 

specimen with digital calipers to the nearest 0.01 mm.  The 40 measurements were 

chosen to create a truss network (Figure 3.3a) that optimizes the capture of information 
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on body shape (Strauss and Bookstein 1982).  Undamaged specimens representing the 

full body size and geographic ranges were chosen for each putative species to account for 

allometry and geographic variation.  Sample sizes (n = 50 for S. sp. [West Coast] and S. 

sp. [South Coast], and n = 53 for S. sp. [Klein River]) exceeded the number of measured 

variables and thereby provided sufficient degrees of freedom to limit over-fitting the 

separation among the putative species in a canonical variates analysis (Weinberg and 

Darlington 1976, McGarigal et al. 2000, Kocovsky et al. 2009). 

Specifications for the measurements follow Hubbs and Lagler (2004) with the 

following exceptions and additions.  Standard length (SL) was measured from the tip of 

the upper jaw to the anterior end of the hypural plate as indicated by the turning point of 

the bend made by laterally swinging the caudal fin.  Preanal-fin and prepelvic-fin lengths 

were measured from the tip of the snout (maxilla) to the structural base of the first anal-

fin ray and lateral pelvic-fin ray, respectively.  The lower opercular spine formed the 

posterior end point for head length and postorbital head length.  The preisthmus length 

was measured from the tip of the snout to the central point of the posterior margin of the 

isthmus.  Pelvic-fin to anal-fin distance was measured from the base of the former to the 

origin of the latter.  The minimum distance between the fin bases represented the 

pectoral-fin to pelvic-fin distance.  Pectoral-fin base length was the distance between the 

bases of the outer rays.  Spinous dorsal-fin base length and spinous anal-fin base length 

were measured from the base of the origin of the fin to the base of the last spinous ray.  

The caudal peduncle dorsal and ventral lengths were measured from the dorsal-fin and 

anal-fin insertions to the anterior end of the hypural plate.  Measurement of the caudal-fin 

length was between vertical parallel lines intersecting the anterior end of the hypural 
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plate and the posterior limit of the caudal fin.  Three measurements began with the 

dorsal-fin origin and extended to (1) the dorsal end of the pectoral-fin base, (2) the base 

of the pelvic-fin spine, and (3) the origin of the anal fin.  Body depth measurements were 

taken at the anal-fin origin.  Three oblique measurements of body depth were from the 

base of the last dorsal-fin spinous ray to (1) the anal-fin origin and (2) anal-fin insertion, 

and (3) between the insertions of the dorsal and anal fins.  Head depth was measured 

along three vertical lines that intercepted the posterior end of the (1) orbit, (2) preopercle, 

and (3) opercle, the latter defined as the tip of the lower opercular spine.  In addition to 

the points of maximal width, body width was also measured between the bases of the 

pectoral fins.  Before analysis, all linear morphometric data were checked for outliers and 

measuring or recording errors by dividing each measurement by standard length and 

comparing the ratios.   

We evaluated 42 meristic variables in a pilot study, and selected the 20 most 

variable for the final dataset, allowing smaller sample sizes (n = 21 or 22) for adequate 

statistical comparisons.  All specimens (n = 65) used for meristics were adults from the 

set of specimens used for the linear morphometrics.  Fifteen counts of vertebrae, 

supraneurals, and anal-, dorsal-, and caudal-fin rays were made from radiographs.  Unless 

indicated otherwise, the other 27 counts were made from the left side of preserved 

specimens.  Counts follow Hubbs and Lagler (2004) with the following exceptions and 

additions.  Counts of pectoral- and pelvic-fin branched and total rays included all rays 

that originated at the fin base, regardless of their length.  Additional counts were made of 

the branched and total number of main (non-procurrent) caudal-fin rays, vertebrae 
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anterior to the first dorsal pterygiophore, vertebrae anterior to the first anal pterygiophore, 

supraneurals, and scales on the opercle, interopercle, and subopercle.   

We counted the cephalic lateralis pores in seven regions: supraorbital, infraorbital, 

postorbital, preopercular, supratemporal, occipital, and dentary (Figure 3.4).  All pore 

counts were from the left side of the specimen except the supratemporal pores for which 

we counted the total for both sides since one was usually on the midline of the dorsum. 

Sandelia capensis, like other anabantids, has an offset, divided lateral line.  The 

upper lateral line begins at the upper posterior corner of the opercle and extends along the 

third major scale row from the dorsum about two thirds of the distance to hypural plate.  

The lower lateral line invariably begins two scale rows lower, usually on or within a 

couple scales of the transverse scale row containing the last pored scale of the upper 

lateral line, and usually extends to the last large scale anterior of the caudal fin.  We 

counted the number of scales (1) in each lateral line; (2) above the upper lateral line 

(starting at the dorsal-fin origin); (3) below the upper lateral line to the anus; below and 

forward from the (4) anterior and (5) posterior end of the lower lateral line; and (6) on the 

lower lateral line scale row from the opercle to the last large scale before the caudal fin.  

We also counted the number of transverse scale rows that overlapped or separated the 

upper and lower lateral lines. 

We observed that all specimens could be divided unambiguously based on 

whether the pelvic fin does or does not reach the anus (Figure 3.5).  Hypothesizing this to 

be a sex difference (other than the males having dark nuptial coloration, no other sexually 

dimorphic differences have been reported), we dissected 18 specimens including 9 for 

each character state, and 6 from each putative species.  Since the pelvic fins of all males 
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reached or overlapped the anus, and those of all females clearly did not reach the anus, 

we concluded that this character was sexually dimorphic and used it to separate males 

and females in subsequent analyses. 

 

Analysis of linear morphometrics and meristics 
 

All individuals were assigned a priori to the major clades identified in Bronaugh 

(Chapter 2) for comparisons using principal components analysis (PCA), multivariate 

analysis of variance (MANOVA), and canonical variates analysis (CVA) of linear 

measurements.  We used the software PAST, v. 3.09 (PAleontological STastics; 

(Hammer et al. 2001) for all these analyses.  Simple linear regression visually showed 

that body size was correlated with linear measurements so to account for this allometry 

we used the Allometric Burnaby technique (Burnaby 1966) to log10-transform these data 

and project them into a space orthogonal to the first principal component of the pooled 

variance-covariance matrix.  A PCA was then performed on the covariance matrix of the 

now size-standardized morphometric variables.  The eigenvectors that explained the most 

variance in the PCA (those up to the point on the screeplots where the amount of variance 

explained did not appreciatively change) were then subjected to a MANOVA, to assess 

the statistical distinctiveness of the putative species based on morphometrics.  We tested 

for a difference in means of the three species for each of the most important principal 

components individually with a one-way analysis of variance (ANOVA).  If the means 

were significantly different (p-value ≤ 0.05), then a post-hoc Tukey’s honestly significant 

difference (HSD) was used to test pairwise differences in means between the three 
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species.  We also performed a CVA to identify linear combinations of measurements best 

able to diagnose the putative species.  The robustness of these results was evaluated with 

a leave-one-out cross-validation procedure, which provides the percentage of individuals 

correctly assigned to the a priori groups.  To see if differences between the putative 

species were due to allometry or isometry, we used the smatr package (Warton et al. 

2012) in R, v. 2.12.2 (R Core Team 2011) to perform type-II (standardized major axis) 

regression on the untransformed measurements against SL for each species.   

All these analyses were performed on the full data set (n = 153), males only (n= 

121), and males > 40 mm in SL (n = 112; to minimize the influence of greater 

measurement error associated with very small specimens).  Sandelia capensis sensu lato 

has a maximum SL of about 200 mm (Skelton 2001), although few reach that size and 

our largest specimen was 147 mm.  Because of reduced sample sizes for both analyses on 

the males, only 35 measurements were used as determined by eliminating the 5 

measurements with the smallest loadings from CV1 and CV2 of the full data set CVA.  

Females were not analyzed separately due to small sample sizes (n = 6, 9, and 17).  We 

also performed these analyses to make comparisons between the Verlorenvlei, Berg, and 

Diep river populations of Sandelia sp. [West Coast] in order to examine morphological 

variation within a major clade.  Sample sizes for Sandelia sp. [South Coast] were 

insufficient for statistical comparisons of populations from different rivers.  We analyzed 

meristic data as above except that the data were not transformed and both sexes were 

included. 
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Geometric morphometrics 
 

While linear (traditional) morphometrics can provide useful diagnostic 

measurements and ratios of measurements, it can inadequately characterize shape 

variation and covariation, resulting in a loss of statistical power, and the shapes described 

by this method are difficult to visualize (Adams et al. 2004).  Analysis of anatomical 

landmark coordinates using geometric morphometrics overcomes these issues by 

simultaneously capturing information about their relative positions and then eliminating 

differences in the variation of shape due to size, position, and orientation (Zelditch et al. 

2004).  Case studies of fishes (Parsons et al. 2003, Maderbacher et al. 2008, Sidlauskas et 

al. 2011) comparing linear morphometrics and geometric morphometrics have shown that 

the latter compliments and improves on the former in describing morphological variation. 

Using a Nikon D–90 camera with 12.3 megapixel resolution we took 

photographic digital images of the left side of 460 whole specimens in an immersion tank 

(Sabaj Pérez 2009).  Images were then assembled into a single file with tpsUtl v. 1.58 

(Rohlf 2006b) before pinpointing 20 landmarks (Figure 3.3b) on, and scaling, each image 

in tps-Dig v. 2.17 (Rohlf 2006a).  For better visibility in the image, some landmarks were 

previously located on the specimen with insect pins.  Fourteen of these landmarks also 

served as endpoints for the linear morphometric measurements.   

We analyzed the x and y landmark coordinates generated in tpsDig with MorphoJ 

v. 1.06b (Klingenberg 2008, 2011).  First, we performed a Procrustes superimposition 

which eliminates variation due to position, scale, and orientation by superimposing all 

individuals and centering them according to the homologous landmarks.  This produces a 
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reference configuration to which variations in body shape may be compared (Rohlf and 

Slice 1990).  Our data set covered the range of sizes from juveniles to large adults 

(24–146 mm) so we performed a pooled within-group regression of the Procrustes 

coordinates against log centroid size to check for allometry.  Since we visually found a 

strong relationship between body size and shape we removed the variation due to size by 

subsequently analyzing the covariance matrix of the residuals from the pooled within-

group allometric regression.  We then performed PCA to examine variation in body 

shape, and a CVA using the three putative species as a priori groups to determine if body 

shape could be used to distinguish the species.  Statistical significance of the PCA results 

was tested with a MANOVA on the first four principal components that explained most 

of the variance.  We accounted for the compounded uncertainty generated by three 

pairwise comparisons between the species with a sequential Bonferroni correction.  

Subsequently, an ANOVA was performed on the same principal components individually 

with pairwise comparisons between the species using Tukey’s HSD tests.  MorphoJ does 

not provide confusion matrices so the separation of groups in the CVA was assessed with 

a permutation test.  All these analyses were performed on the entire data set (n = 460) and 

the entire male data set (n = 379).  We also analyzed all specimens of Sandelia sp. [West 

Coast] (n = 118), and all specimens from the Klein and Breede river systems (n = 106), to 

examine body shape variation within a major clade and between a major clade and an 

adjacent South Coast Clade river population, respectively. 
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RESULTS 

Statistical differences 
 

Overall, we found convincing evidence that the means of the principal 

components for the three putative species differed in linear measurements, meristics, and 

geometric morphometrics.  Interspecific differences in means of some of the individual 

principal components in each dataset were also highly significant.  Finally, there were 

some significant differences in allometric growth of certain linear measurements. 

Analysis of the size-standardized linear morphometric variables for males > 40 

mm in SL revealed very strong evidence of a difference in the means of the principal 

components between the Klein River and South Coast (p-value < 0.0001), Klein River 

and West Coast (p-value < 0.0001), and West Coast and South Coast species (p-value = 

0.0328, MANOVA on the first 5 principal components = 59.5% of the variation; see 

Figure 3.6).  There was considerable overlap in pairwise plots of the first 5 principal 

components with PC 1 and PC 4 exhibiting the greatest degree of separation (Figure 3.7).  

There was convincing evidence that the Klein River species differed from the West Coast 

and South Coast species on PC1 (p-value = 0.0001 for both comparisons) and PC4 (p-

value = 0.0004 and p-value = 0.0495, respectively, ANOVA with pairwise Tukey’s HSD 

tests).  All other pairwise species comparisons for the first 5 principal components 

showed no significant difference.  For PC1, which explained 19.0% of the variation, the 

variables with the highest loadings were caudal peduncle dorsal and ventral lengths, 

snout length, pectoral-fin base to pelvic-fin origin, interorbital width, and gape width 

(Table 3.2).  Snout length, gape width, and pectoral-fin base to pelvic-fin origin also had 



 

 

134 

high loadings on PC4 (9.3% of variation), along with dorsal-fin length, spinous dorsal-fin 

base length, and body width at pectoral-fin base.   

We obtained similar results when males and females of all sizes were subjected to 

the same analyses, except that there was also suggestive evidence that the South Coast 

and West Coast species also differed on PC1 (p-value = 0.0328; see Figures S3.1 and 

S3.2, and Table S3.1).  For a CVA of males of all sizes (see below), the variables which 

received the highest loadings were caudal peduncle ventral length (CPV), caudal 

peduncle dorsal length (CPD), interorbital width (IW), and head depth at the posterior 

end of the orbit (HDO).  Type-II linear regression of the untransformed data for these 

variables against standard length (Figure 3.8) revealed suggestive to convincing evidence 

that the slopes differed for each variable: CPV (p-value = 0.0477), CPD (p-value = 

0.0002), IW (p-value = 0.0425), and HDO (p-value < 0.0001, likelihood ratio statistic).  

Different slopes indicate that the clades differ in allometric growth in these 

measurements, with differences becoming greater with body size (SL).  In particular, 

growth in the caudal peduncle length was slower in West Coast Clade, while growth in 

the interorbital width and head depth at the orbit was slower in the Klein River Clade. 

Analyses of 20 meristic variables showed significant differences in the means of 

the principal components between the Klein River and South Coast (p-value < 0.0001), 

Klein River and West Coast (p-value < 0.0001), and South Coast and West Coast species 

(p-value = 0.0013, MANOVA on the first 6 principal components = 72.45% of the 

variation; see Figures S3.3 and S3.4).  In pairwise comparisons on individual PC scores 

there were significant differences between the Klein River and South Coast (p-values = 

0.0003, 0.0037, 0.0066, and 0.0087 for PCs 1, 2, 3, and 5, respectively), the Klein River 
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and West Coast (p-values = 0.0001 for PC1 and 0.0110 for PC3), and the South Coast 

and West Coast (p-values = 0.0004, 0.0117, and 0.0398 for PCs 1, 2, and 3, respectively; 

ANOVA with pairwise Tukey’s HSD tests).  Counts with the highest loadings on PC1 

were operculum scales, circumpeduncular scales, and gill rakers (Table S3.2).  For PC2, 

the highest loadings were on the same variables except circumferential scales replaced 

gill rakers. 

Results from a PCA of 20 geometric morphometric landmarks for the full dataset 

provided convincing evidence that the means of the principal components were different 

for Klein River and South Coast (p-value = 0.0001), Klein River and West Coast (p-value 

< 0.0001), and West Coast and South Coast (p-value < 0.0001, MANOVA pairwise 

comparisons with a sequential Bonferroni correction).  After removing 16.3% of the 

variation in body shape that was due to body size (Figure S3.5; p-value < 0.0001, 

permutation test with 10,000 rounds), there was considerable overlap in the morphospace 

of the clades in a plot of PC1 and PC2 (Figure 3.9), as well as other pairwise plots (not 

shown) for the first 4 principal components.  Pairwise comparisons for these 4 principal 

components, which explained 54.2% of the variation in body shape (Figure 3.10), showed 

that the Klein River and South Coast species differed along PC1 (p-value = 0.0001); the 

Klein River and West Coast species differed along PC2 (p-value = 0.0079) and PC4 (p-

value < 0.0001); and the West and South Coast species differed along PC1 (p-value < 

0.0001), PC2 (p-value = 0.0394), and PC4 (p-value = 0.0008, ANOVA with pairwise 

Tukey’s HSD tests).  A CVA plot (Figure 3.11) showed much separation between the 

species in body shape but not enough to be diagnostic (p-value < 0.0001 for all pairwise 

comparisons, permutation test with 10,000 rounds).  Restricting the analysis to males (n = 
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379) produced very similar results for the PCA (Figure S3.6), variance explained by the 

first 4 principal components (53.9%, Figure S3.7), and CVA (Figure S3.8). 

 

Diagnostic differences 
  

Although we found no individual characters that were diagnostic, CVA revealed 

that a discriminant equation of size-standardized measurements was diagnostic for all 

three putative species.  A CVA for meristic variables was also diagnostic for the West 

Coast and Klein River species, and nearly so for the South Coast species.  

Canonical variates analysis of 35 linear measurements for males > 40 mm in SL 

showed clear diagnostic differences between all three species pairs (Figure 3.12).  The 

most important size-standardized variables in the linear equation were caudal peduncle 

dorsal and ventral lengths, interorbital width, caudal peduncle depth, gape width, and 

spinous anal-fin base length (Table 3.3).  The leave-one-out cross-validation procedure 

showed that the linear equation generated by the CVA matched all 112 individuals to the 

correct a priori species (Table 3.4a).  When all males, including juveniles down to 24.4 

mm in SL, were analyzed, similar results were obtained (Figure 3.S9) with 97.5% of 

individuals correctly identified (Table 3.4b).  Likewise, the CVA of all sizes of both 

sexes showed diagnostic differences (Figure S3.10), a similar set of most important 

measurements (Table S3.3), and a 98% accuracy in identification (Table 3.4c).  However, 

in order to reduce the error rate in identification to less than 5% for all three species, all 

40 linear measurements were needed in the discriminant equations. 
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The CVA for 20 meristic variables showed some overlap in comparisons that 

included the South Coast species, but there was good separation between the West Coast 

and Klein River species (Figure S3.11).  The most heavily weighted variables for CV1, 

which separates the West Coast and Klein River species, were gill rakers, operculum 

scales, and interoperculum scales (Table S3.4).  Most of the South Coast specimens could 

be distinguished from the other species primarily on the basis of circumferential scales, 

lower lateral line scales, and upper lateral line scales (Table S3.4).  While the 20 counts 

could correctly identify about 95% of the Klein River and West Coast specimens, they 

were only 86.4% correct for South Coast specimens (Table 3.4d).  

 

Comparisons between isolated coastal river systems 
 

Samples sizes were sufficient to make a few comparisons between populations of 

isolated coastal river systems.  Analyses revealed that differences in linear measurements 

and body shape between populations from different coastal river systems, both within and 

between the major clades, were greater than the range-wide differences between the 

clades.  These differences were sufficient to significantly reduce the number of linear 

measurements, or geometric landmarks, needed to correctly identify individuals. 

A CVA (Figure S3.12) showed that the combination of 15 size-standardized linear 

measurements was sufficient to distinguish our Sandelia sp. [West Coast] samples from 

the Verlorenvlei, Berg, and Diep rivers (Figure 3.2).  All 50 specimens (16 or 17 per river 

system) were correctly matched to their river in a leave-one-out cross-validation 

procedure.  The most important discriminating measurements were pectoral-fin base to 
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pelvic-fin origin, cheek height, pectoral fin base length, head depth at posterior end of 

orbit, dorsal and ventral caudal peduncle lengths, and interorbital width (Table S3.5).  

The PCA (Figure S3.13, Table S3.6) showed much overlap for the first two principal 

components which explained 55.3% of the variation (Figure S3.14).  

A PCA (Figure S3.15) of 14 geometric morphometric landmarks showed that the 

Verlorenvlei River population largely separated from the Berg and Diep river populations 

on the basis of overall body depth along the first principal component.  There was 

convincing evidence that the means of the principal components differed between the 

Verlorenvlei and Diep,Verlorenvlei and Berg, and Diep and Berg populations (all with p-

values < 0.0001, MANOVA pairwise comparisons with a sequential Bonferroni 

correction).  Pairwise comparisons of the populations for each of the first three principal 

components (= 68.2% of variation; Figure S3.16) provided convincing evidence that the 

Verlorenvlei and Diep populations differed along PC1 and PC2 (p-value = 0.007 and 

0.0001, respectively); the Verlorenvlei and Berg populations differed along PC1and PC2 

(p-value = 0.0001 for both); and the Berg and Diep populations differed along PC1 and 

PC3 (p-value = 0.0001 and 0.0412, respectively, ANOVA with pairwise Tukey’s HSD 

tests).  A CVA (Figure S3.17) also indicated that Verlorenvlei River population could be 

distinguished from the Berg River and Diep River populations by body shape.  Only 

about 15% of the individuals from the Berg and Diep rivers fell within the overlap of 

their 95% confidence ellipses.  

We also compared Sandelia sp. [Klein River] with Sandelia sp. [South Coast] 

from the partially adjacent Breede River system in order to examine morphological 

variation at a local level between two clades.  Sample sizes were only sufficient for 
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analysis of geometric morphometrics (20 landmarks).  In a PCA (Figure S3.18), there 

was overlap in body shape between the two populations but there was very strong 

evidence that the means of their principal components were different (p-value < 0.0001, 

MANOVA).  There were significant differences between the Klein and Breede river 

populations for PC1 (p-value < 0.0001), PC2 (p-value < 0.0001), PC4 (p-value = 0.006), 

and PC5 (p-value = 0.0014), although PC6 was nearly so (p-value = 0.0535, two-tailed 

Student’s t-test for equal means, first 6 principal components accounted for 70.3% of 

variation; Figure S3.19).  A discriminant function analysis (Figure S3.20) resulted in 

correct classification to river for 99% of the specimens (n = 106), while cross-validation 

was correct for 93.3% indicating that, in this case at least, body shape differences are 

greater between river system populations than between range wide populations of the two 

putative species.  

 

DISCUSSION 

Species differences 
 

These results represent independent lines of evidence that bolster the genetic and 

biogeographical evidence (Bronaugh, Chapter 2) that Sandelia capensis sensu lato 

comprises three allopatric species from the West Coast, Klein River, and South Coast. 

These putative species can be diagnosed on the basis of discriminant equations of size-

standardized linear measurements.  Discriminant equations of scale and fin ray meristics 

can also distinguish between the Klein River and West Coast species, and correctly 

identify 86% of South Coast specimens. 
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While some morphological differences between Sandelia sp. [West Coast], 

Sandelia sp. [Klein River], and Sandelia  sp. [South Coast] are diagnostic, they are also 

very subtle.  We hypothesize that the small degree of these differences is due to (1) large 

intraspecific variation reflecting adaptation to a wide variety of habitats, (2) a historically 

stable environment that promotes niche conservatism and morphological stasis, and (3) 

the paucity of native sympatric competitors and predators that could have forced adaptive 

morphological specialization. 

Despite 4.2–7.9 Ma of isolation from each other (Bronaugh, Chapter 2), 

diagnosing the species morphologically still requires a combination of 35–40 linear 

measurements, or 20 counts of scales and fin rays, if error rates are to be kept below 5%.  

Of the characters examined, no single one, or even a small set of them, can distinguish 

the species.  Under natural conditions, geographic location can easily identify the species 

because they are allopatric.  Fortunately, most human translocation of Sandelia is likely 

to have taken place within the range of a species, but may have occurred between the 

South Coast and Klein River species (see Bronaugh, Chapter 2).  When identification by 

gene sequences is not possible, we recommend use of the discriminant equations to 

identify specimens where translocation is suspected, especially in the Klein River system, 

and with museum specimens whose provenance is doubtful or vague. 

We found evidence that morphological characters may be more effective in 

distinguishing coastal river populations from each other, than in distinguishing the cryptic 

species within Sandelia capensis sensu lato.  Our results indicate that populations from 

separate coastal river basins may contain less intrapopulation morphological variation 

and greater interpopulation variation as compared to intra-and interspecies variation.  
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Morphological variation within Sandelia sp. [West Coast] was sufficient to separate 

populations from the Verlorenvlei, Berg, and Diep rivers using only 15 size-standardized 

linear measurements.  Body shape, characterized by geometric morphometrics, was 

statistically different but not diagnostic for the three species, but within Sandelia sp. 

[West Coast] it was diagnostic for Verlorenvlei River specimens, and nearly so for the 

Berg and Diep specimens.  Geometric morphometric data also distinguished between 

Sandelia sp. [Klein River] and the partially adjacent Breede River population of Sandelia 

sp. [South Coast].  This pattern of greater morphological differences between populations 

of different river systems than different species could be due to smaller population sizes, 

local adaptation to environmental conditions, or founder effects when each river was 

initially colonized and subsequently isolated (see Bronaugh, Chapter 2).   

Based on the molecular data (Bronaugh, Chapter 2) and the present morphological 

study, species descriptions are underway and will be presented elsewhere (Bronaugh, 

Chapter 4).  The original descriptions of the nominal taxa currently in the synonymy of S. 

capensis—Spirobranchus capensis Cuvier 1829, Diacopoma typicoides Smith 1832, D. 

typicus Smith 1832, and Anabas vicinus Boulenger 1916—were brief, based on few 

specimens, and lacking characters that would be diagnostic for any of the three putative 

species proposed in Bronaugh (Chapter 2).  Cuvier gave “Cape of Good Hope” as the 

type locality for Spirobranchus (=Sandelia) capensis.  Since there is no freshwater on or 

near the actual Cape, Cuvier undoubtedly meant the British colony named after the Cape 

of Good Hope.  At the time of Cuvier’s description the colony encompassed the entire 

geographic range of Sandelia capensis sensu lato, so the assignment of this name to one 
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of the putative species first requires the examination of Cuvier’s syntypes, currently in 

progress. 

 

Morphological stasis 
 

Cryptic species have been discovered all across the tree of life (Bickford et al. 

2007, Pfenninger and Schwenk 2007).  Upon closer examination, cryptic species are 

often found to be morphologically diagnosable.  However, morphologically identical, or 

only statistically different, cryptic species have been discovered in such deeply divergent 

taxa as lichen-forming fungi (Crespo and Lumbsch 2010), bryophytes (Shaw 2001), 

sedges (Britton et al. 2014), sponges (Xavier et al. 2010), rotifers (Birky Jr. et al. 2011), 

deep-sea snails (Johnson et al. 2015), sea urchins (Egea et al. 2016), freshwater fishes 

(Lavoué et al. 2011), and ground squirrels (Rickart 1987).  While many cryptic species 

diverged recently and may have had insufficient time to differentiate morphologically, 

some, such as freshwater butterflyfishes (Lavoué et al. 2011), plethodontid salamanders 

(Wake et al. 1983), horseshoe crabs (Avise et al. 1994), and lamprey (Kuraku and 

Kuratani 2006), have exhibited morphological stasis in spite of millions of years of 

genetic divergence.  Why did Sandelia evolve in similar fashion? 

Since the natural distribution of S. capensis sensu lato includes nearly all the 

available freshwater habitats, and those habitats have likely remained fairly stable 

throughout its existence, we hypothesize that broad niche parameters, a lack of fish 

competitors and predators, and niche conservatism, the retention of a species’ 

fundamental niche over time (Wiens and Graham 2005), best explains morphological 
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stasis in this generalist species complex.  Interestingly, extreme niche conservatism, 

expressed as confinement to freshwater, also helps explain the long isolation of the three 

species in allopatric drainage systems which led to their genetic diversification and 

speciation (Kozak and Wiens 2006). 

Niche conservatism is promoted by a stable environment, relative to the species’ 

niche, in which natural selection pressure is almost nil, resulting in morphological stasis 

that, in the extreme, can produce so-called living fossils (Eldredge and Stanley 1984).  In 

the CFR, the freshwater environment has likely been relatively consistent from the time 

of the most recent common ancestor of Sandelia capensis sensu lato around 7.9 Ma, to 

the present because the geomorphology and climate have been relatively stable 

throughout this period.  Large-scale geomorphic features, particularly the Cape Fold 

Mountains where most of the major rivers originate, were formed by the beginning of the 

Cenozoic 66 Ma, long before the origin of Sandelia, and there has been only minor 

subsequent uplift (Hendey 1983).  Except for pluvial periods during Pleistocene 

interstadials, the climate of the Cape Region has been stable and dry (Zachos et al. 2001, 

Cowling et al. 2009).   

The large variation in morphology of S. capensis sensu lato likely reflects its very 

broad fundamental niche. The results of this study show that the morphologies of the 

three putative species are nearly indistinguishable but there is much intraspecific 

variation.  For example, size-standardized body depth varies from 27% to 39% of SL 

within each species.  Previously, we showed that fewer linear morphometric 

measurements, and fewer geometric morphometric landmarks, were needed to 

differentiate lineages from isolated coastal river systems within Sandelia sp. [West Coast] 



 

 

144 

than were needed to separate the three species from each other.  The wide morphological 

variation within each species may in part reflect their generalist ability to thrive in a 

exceptional variety of aquatic conditions from acidic to alkaline, turbid to clear, warm to 

cool, rocky to mud, lotic to lentic, still to swift, low elevation to high elevation, heavily to 

sparsely vegetated, and pristine to stagnant and polluted (Harrison 1952).  All these 

conditions may be found throughout the geographic range of the Sandelia capensis 

species complex, and often within the same river system.  The realized niches of the three 

putative species are likely very close to their fundamental niches. 

The isolation of Sandelia capensis sensu lato in relatively small isolated coastal 

river systems probably contributed to its niche conservatism.  Hemmed in by the Great 

Escarpment to the north and the marine environment to the west and south, few 

freshwater fish species have been able to colonize, or evolve within, the Cape Region.  

Only 1–7 primary freshwater fish species inhabit each coastal river system.  Sandelia 

capensis sensu lato, which feeds on insects, other invertebrates and small fish, is mostly 

sympatric with only one potential fish competitor or predator, the Longfin Eel, Anguilla 

mossambica (Peters 1852) which is mainly active at night.  Only about 20 other 

freshwater fish species naturally occur within the range of S. capensis sensu lato: the 

small Galaxias zebratus (Castelnau 1861) species complex that feeds on small drifting 

insects, and a variety of cyprinids that primarily feed on algae, detritus, and small 

invertebrates from the substrate (Skelton 2001).  Thus, there has likely been little 

selection pressure from competition or predation that would cause morphological change 

in Sandelia through character displacement.  Instead, natural selection has favored much 
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intraspecific variation, or failed to limit it, allowing these fish to realize the full potential 

of their fundamental niche. 

Besides niche conservatism, there are other mechanisms for maintaining 

morphological stasis in S. capensis sensu lato but they are less likely play a significant 

role.  Morphological stasis in historically isolated lineages could also be attributed to 

neutral genetic drift, stabilizing selection, genetic or developmental constraints to 

phenotypic evolution, or niche conservatism (Wake et al. 1983, Eldredge et al. 2005, 

Wiens and Graham 2005, Smith et al. 2011).  Under neutral genetic drift, non-adaptive 

morphological changes would be expected to accrue in proportion to the time of isolation 

(Lynch 1990), so the Klein River and South Coast species that diverged about 4 Ma 

should be morphologically more similar than either is to the West Coast species which 

diverged 8 Ma (Bronaugh, Chapter 2).  However, the Klein River species is slightly more 

divergent morphologically although this is likely due to its far smaller effective 

population size.  Individuals of species evolving under stabilizing selection have reduced 

fitness when their values for adaptive traits are not close to the mean for the species, so 

morphology is conserved and variation is restricted.  This is especially true of species 

adapted to extreme environments, such as caves, or very specialized or narrow niches.  

Sandelia capensis sensu lato has a very broad niche so if its morphology is significantly 

affected by stabilizing selection, it is likely to be a local effect due to local conditions.  

Genetic or intrinsic developmental constraints may set limits to the evolution of 

morphological characters in a variety of ways (Maynard Smith et al. 1985, Wake 1991) 

but this mechanism cannot be evaluated for S. capensis at this time. 
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Because this study was primarily focused on species level morphological 

variation with wide geographic coverage, different sampling regimes are needed to 

explore other questions.  Larger samples per coastal river system could be used to reveal 

whether there is an east-west cline associated with climate or distance from geographic 

species boundaries.  Dense sampling throughout and across isolated coastal river systems 

might determine if there is a correlation between morphology and environmental 

conditions, such as clear, high gradient, low conductivity streams vs. turbid, low gradient, 

high conductivity streams. 

 

CONCLUSIONS 
 

We found statistical differences in combinations of linear measurements, 

combinations of meristics, overall body shape, and allometry between our samples of 

Sandelia sp. [West Coast], Sandelia sp. [Klein River], and Sandelia sp. [South Coast].  

The combinations of linear measurements and meristics were also found to be diagnostic 

for all three species, and S. sp. [West Coast] and S. sp. [Klein River], respectively.  These 

results represent independent lines of evidence that support the species status of these 

populations.  However, 35–40 linear measurements, or 20 meristics, are required to 

diagnose the species despite the 4–8 Ma of isolation.  We attribute this morphological 

stasis to the relatively stable geomorphology and climate during this period, and the 

resulting niche conservatism in this complex.  In addition, morphological stasis and niche 

conservatism were likely maintained by the very broad niche of S. capensis sensu lato 

and the dearth of competitors and predators among only 1–7 freshwater fish species with 
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which it is sympatric in any given coastal drainage system.  Sandelia capensis sensu lato 

is adapted to nearly all the freshwater habitats within its geographic range, and, at the 

species level, has likely had very little selective pressure toward morphological change or 

specialization. 
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Table 3.1. Localities of collection sites for Sandelia sp. [West Coast], Sandelia sp. [South Coast], and Sandelia sp. [Klein 
River] with sample sizes for linear morphometrics, geometric morphometrics, meristics, and pigmentation. *Additional 
specimens borrowed from SAIAB. 
 

 Sample Size 

 
 
 

Catalog No. 

 
 
 

Locality 

 
 

Coastal 
River System 

 
Latitude 
(degrees 
South) 

 
Longitude 
(degrees 

East) 

 
 
 

Total  

 
 

 Morphometrics 
   Linear       Geometric 

 
 
 

Meristics 

Sandelia sp. [West Coast] 

SAIAB 186107 Verlorenvlei River Verlorenvlei 32.47218 18.54198 1 1 1 – 

SAIAB 186091 Kruismans River Verlorenvlei 32.60179 18.75039 19 14 19 8 

OS 20013 Kruismans River Verlorenvlei 32.60179 18.75039 3 3 3 2 

SAIAB 118802 Verlorenvlei River Verlorenvlei 32.47217 18.54194 * – 3 – 

SAIAB 59809 Kruismans River Verlorenvlei 32.74560 18.81780 * – 2 – 

SAIAB 186114 Olifants River Berg 33.84601 19.12945 24 4 24 2 

OS 20014 Olifants River Berg 33.84601 19.12945 4 1 4 1 

SAIAB 203611 Berg River Berg 33.96185 19.06893 25 11 25 2 

SAIAB 186123 Berg River Berg 33.96185 19.06893 1 1 1 0 

SAIAB 97089 Leeu River Berg 33.15592 19.05058 * – 4 – 
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Table 3.1. Continued.  

 Sample Size 

 
 

Catalog No. 

 
 

Locality 

 
Coastal 

River System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 

 
 
Total  

 
       Morphometrics 
   Linear       Geometric 

 
  
Meristics 

SAIAB 186120 Klapmuts River Diep 33.72976 18.74887 27 14 27 4 

OS 20015 Klapmuts River Diep 33.72976 18.74887 3 2 3 3 

Totals for Sandelia sp. [West Coast] 107 51 116 22 

 

Sandelia sp. [South Coast] 

SAIAB 186079 Kars River Heuningnes 34.41320 19.82038 12 7 12 2 

SAIAB 97077 Kars River Heuningnes 34.41331 19.82081 * – 5 – 

SAIAB 97078 Kars River Heuningnes 34.58056 20.11053 * – 6 – 

SAIAB 186082 Uilkraals River Uilkraals 34.53080 19.53468 29 – 15 – 

OS 20017 Uilkraals River Uilkraals 34.53080 19.53468 10 – 5 – 

SAIAB 186089 Schusters River Schusters 34.20209 18.37325 85 – 20 – 

SAIAB 186117 Lourens River Lourens 34.09709 18.82699 6 – 6 – 

SAIAB 186126 Dawidskraal River Dawidskraal 34.36602 18.87086 28 – 10 – 
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Table 3.1. Continued.  

 Sample Size 

 
 

Catalog No. 

 
 

Locality 

 
Coastal 

River System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 

 
 
Total  

 
       Morphometrics 
   Linear       Geometric 

 
  
Meristics 

SAIAB 186146 Wolwekloof River Breede 33.56926 19.13869 21 – 2 – 

SAIAB 186154 Koekedou River Breede 33.35952 19.29668 21 5 14 4 

OS 20016 Koekedou River Breede 33.35952 19.29668 7 0 6 1 

SAIAB 186131 Amandel River Breede 33.98875 19.18437 16 – 16 – 

SAIAB 97080 Hoeks River Breede 34.01092 19.83922 * – 5 – 

SAIAB 97081 Boesmans River Breede 34.051 19.953 * – 5 – 

SAIAB 97082 Sonderend River Breede 34.06539 19.65883 * – 3 – 

SAIAB 186037 Vet River Goukou 34.02184 21.22593 66 – 20 – 

SAIAB 186164 Nels River Gourits 33.46986 21.73425 12 – 12 – 

SAIAB 186158 Smits River Gourits 33.46780 21.73550 1 – 1 – 

SAIAB 203610 Weyers River Gourits 34.02496 21.58376 21 5 14 1 

SAIAB 186032 Weyers River Gourits 34.02496 21.58376 1 1 1 1 
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Table 3.1. Continued.  

 Sample Size 

 
 

Catalog No. 

 
 

Locality 

 
Coastal 

River System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 

 
 
Total  

 
       Morphometrics 
   Linear       Geometric 

 
  
Meristics 

SAIAB 186035 Witels River Gourits 33.99727 21.54613 5 – 5 – 

SAIAB 186075 unnamed tributary Duiwenhoks 33.97839 21.03233 60 5 16 1 

OS 20018 unnamed tributary Duiwenhoks 33.97839 21.03233 21 2 4 2 

SAIAB 186027 Malgas River Gwaing 33.93754 22.42207 19 – 4 – 

SAIAB 186030 Rooi River Gwaing 33.94753 22.45845 4 – 4 – 

SAIAB 186029 Rooi River Gwaing 33.95108 22.45592 23 6 4 3 

SAIAB 186026 Gouna River Knysna 33.99044 23.04013 22 – 8 – 

SAIAB 186021 Bosfontein River Bietou 34.00302 23.33409 21 6 6 3 

OS 20020 Bosfontein River Bietou 34.00302 23.33409 8 0 2 0 

SAIAB 186176 Kruger River Krom 33.87460 24.00897 5 2 5 1 

SAIAB 186018 Klipdrift River Klipdrift 34.11876 24.53810 1 – 1 – 

SAIAB 186016 Rondebo River Seekoei 33.97900 24.77885 11 – 11 – 
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Table 3.1. Continued.  

 Sample Size 

 
 

Catalog No. 

 
 

Locality 

 
Coastal 

River System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 

 
 
Total  

 
       Morphometrics 
   Linear       Geometric 

 
  
Meristics 

SAIAB 83626 Fernkloof-Hol River Gamtoos 33.71055 24.83083 * – 5 – 

SAIAB 186014 Draaifontein River Maitland 33.95763 25.33385 39 2 10 2 

OS 20019 Draaifontein River Maitland 33.95763 25.33385 14 2 5 0 

SAIAB 186015 Draaifontein River Maitland 33.95254 25.33530 8 – 5 – 

SAIAB 83602 Baakens River Baakens 33.97120 25.60093 * – 4 – 

SAIAB 186172 Baakens River Baakens 33.95515 25.51370 10 7 10 – 

Totals for Sandelia sp. [South Coast]    607      50    287 22 
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Table 3.1. Continued.  

 Sample Size 

 
 

Catalog No. 

 
 

Locality 

 
Coastal 

River System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 

 
 
Total  

 
       Morphometrics 
   Linear       Geometric 

 
  
Meristics 

 Sandelia sp. [Klein River] 

SAIAB 186085 Steenboks River Klein 34.27514 19.52500 1 1 1 1 

SAIAB 203612 Steenboks River Klein 34.27514 19.52500 49 47 49 18 

OS 20012 Steenboks River Klein 34.27514 19.52500 5 5 5 2 

Totals for Sandelia sp. [Klein River] 55 53 55 21 

Totals for all three species 768 154 458 65 
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Table 3.2.  Percent variance explained (first row) and variable loadings for the first five principal components from  
a principal components analysis of 35 log-transformed linear morphometric measurements of male specimens > 40 mm in SL 
of Sandelia sp. [West Coast] (n=38), Sandelia sp. [Klein River] (n=36), and Sandelia sp. [South Coast] (n=38).  The six most 
extreme loadings for each PC are shown in bold. 
 
 Principal Components 
Measurement   PC1     PC2      PC3      PC4      PC5 

Percent variance explained  18.994      14.553      10.465        9.263        6.205 

  1   Predorsal-fin length 0.0925 –0.0228 0.0820 0.0451 0.0727 

  2   Prepelvic-fin length 0.0697 –0.0500 0.0417 0.0678 –0.0197 

  3   Head length 0.0563 –0.0089 0.0648 0.0506 0.0743 

  4   Orbit to angle of preopercle –0.0259 –0.0418 0.0006 0.0272 –0.0556 

  5   Cheek height –0.0965 –0.1082 –0.0897 –0.0584 –0.1941 

  6   Snout length –0.3433 –0.2516 –0.3446 –0.5322 0.4937 

  7   Upper jaw length –0.0866 –0.2523 0.3094 –0.0315 0.2398 

  8   Orbit length –0.1392 –0.1415 0.1054 0.0988 –0.1363 

  9   Pelvic-fin base to anal-fin origin 0.0358 0.0443 0.0048 0.1142 0.0477 

10   Pelvic-fin length 0.1250 0.0369 0.0127 0.0774 0.0919 



 

 

155 

Table 3.2. Continued.  
 Principal Components 
Measurement     PC1        PC2       PC3        PC4        PC5 
11   Pectoral-fin base to pelvic-fin origin 0.2870 0.4974 –0.2975 0.1622 0.3898 

12   Pectoral-fin base length –0.1040 –0.0682 0.1099 0.0265 0.1221 

13   Pectoral-fin length 0.0360 –0.1805 0.0884 0.0884 0.0628 

14   Dorsal-fin length –0.0169 0.0403 0.0987 0.1212 0.1345 

15   Dorsal-fin base length 0.0304 0.0359 0.0957 0.0779 0.1779 

16   Spinous dorsal-fin base length 0.0426 0.1041 0.2365 0.2862 0.2243 

17   Anal-fin length –0.0618 0.0353 0.1784 0.0906 0.0818 

18   Anal-fin base length –0.0472 0.1010 0.1817 0.0096 0.1199 

19   Spinous anal-fin base length 0.1304 0.4218 0.4945 –0.6469 –0.1877 

20   Caudal peduncle dorsal length 0.5048 –0.3366 –0.0687 –0.0638 –0.0956 

21   Caudal peduncle ventral length 0.4789 –0.3002 –0.0391 –0.0788 –0.0503 

22   Caudal-fin length 0.0189 –0.0265 0.0766 0.0750 –0.0730 

23   Dorsal-fin origin to pectoral-fin base –0.0151 0.1148 –0.1936 –0.0260 –0.1237 
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Table 3.2. Continued.  
 Principal Components 
Measurement    PC1        PC2       PC3       PC4       PC5 
24   Dorsal-fin origin to anal-fin origin 0.0300 0.1125 –0.0816 0.0646 –0.0178 

25   Body depth at anal-fin origin 0.0164 0.1275 –0.1226 –0.0036 –0.0674 

26  Last dorsal-fin spine base to anal-fin origin –0.0001 0.1233 –0.0290 –0.0042 –0.0332 

27   Last dorsal-fin spine base to anal-fin insertion –0.0019 0.0146 –0.1187 –0.0791 –0.1519 

28   Dorsal-fin insertion to anal-fin insertion 0.1527 –0.0453 –0.0912 –0.0613 –0.1495 

29   Caudal peduncle depth 0.0906 –0.0227 –0.1021 –0.0800 –0.1198 

30   Head depth at posterior end of opercle –0.0617 0.0971 –0.1537 –0.0251 –0.1090 

31   Head depth at posterior end of preopercle –0.1274 0.0333 –0.1294 0.0143 –0.1684 

32   Head depth at posterior end of orbit –0.1886 –0.0479 –0.0265 0.0958 –0.0758 

33   Body width at pectoral-fin base 0.0293 0.2209 –0.2828 –0.0274 –0.0225 

34   Interorbital width –0.2730 0.1236 0.0436 0.0776 –0.2207 

35  Gape width –0.2051 –0.0535 –0.0335 0.2257 –0.2829 
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Table 3.3. Canonical variates of 35 log-transformed linear morphometric measurements 
of male specimens > 40 mm in SL of Sandelia sp. [West Coast] (n=38), Sandelia sp. 
[Klein River] (n=36), and Sandelia sp. [South Coast] (n=38).  Coefficients were 
multiplied by 1000 for easier comparison.  The six most extreme values are in bold. 
 

Measurement         CV 1       CV 2 

  1   Predorsal-fin length –1.2154 –3.0988 

  2   Prepelvic-fin length –0.6388 –1.6712 

  3   Head length –1.0189 –1.4407 

  4   Orbit to angle of preopercle –3.3867 –5.0231 

  5   Cheek height –0.1102 3.6047 

  6   Snout length –1.6620 –2.1679 

  7   Upper jaw length –4.5731 1.2689 

  8   Orbit length –1.8340 0.5428 

  9   Pelvic-fin base to anal-fin origin 2.5560 –0.3545 

10   Pelvic-fin length  –0.1346 5.7527 

11   Pectoral-fin base to pelvic-fin origin 4.5607 –2.0592 

12   Pectoral-fin base length –2.2324 3.3717 

13   Pectoral-fin length 0.1762 1.6654 

14   Dorsal-fin length –1.1538 1.9177 

15   Dorsal-fin base length 0.8855 –1.5796 

16   Spinous dorsal-fin base length –1.6107 0.1466 

17   Anal-fin length –3.0990 2.0933 

18   Anal-fin base length –1.7038 –0.3446 
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Table 3.3. Continued. 
   

Measurement         CV 1       CV 2 

19   Spinous anal-fin base length 5.3638 –1.0311 

20   Caudal peduncle dorsal length 10.4260 –5.7053 

21   Caudal peduncle ventral length 11.1420 –3.9317 

22   Caudal-fin length –1.7785 0.4847 

23   Dorsal-fin origin to pectoral-fin base 1.2951 –0.7358 

24   Dorsal-fin origin to anal-fin origin 1.2086 1.2002 

25   Body depth at anal-fin origin –1.0131 –3.9203 

26   Last dorsal-fin spine base to anal-fin origin –0.6202 –0.5536 

27   Last dorsal-fin spine base to anal-fin insertion 0.1085 –2.3175 

28   Dorsal-fin insertion to anal-fin insertion 5.1742 –2.5998 

29   Caudal peduncle depth 6.1018 –0.4366 

30   Head depth at posterior end of opercle –1.0288 –0.9031 

31   Head depth at posterior end of preopercle –3.3814 1.0647 

32   Head depth at posterior end of orbit –3.8876 7.1290 

33   Body width at pectoral-fin base 4.7260 1.3450 

34   Interorbital width –8.7917 3.0153 

35   Gape width –5.4604 5.3673 
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Table 3.4. Confusion matrices, number of variables, and sample sizes for Sandelia sp. 
[West Coast], Sandelia sp. [Klein River], and Sandelia sp. [South Coast] based on 
canonical variates analyses of linear morphometric measurements for (A) males > 40 mm 
in SL (CVA in Figure 3.12), (B) all specimens measured (CVA in Figure S3.10), and (C) 
males of all sizes measured (CVA in Figure S3.9), and based on (D) meristics (CVA in 
Figure S3.11). 
 
 
(A) Males > 40 mm (35 variables) 
 

Species % Correct Klein River South Coast West Coast Total 

Klein River 100 36 0 0 36 

South Coast 100 0 38 0 38 

West Coast 100 0 0 38 38 

Total 100 36 38 38 112 

 
 
 
(B) All males (35 variables) 
 

 % Correct Klein River South Coast West Coast Total 

Klein River 97.2 35 1 0 36 

South Coast 97.6 1 40 0 41 

West Coast 97.7 1 0 43 44 

Total 97.5 37 41 43 121 
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Table 3.4. Continued. 
 
 
(C) All specimens (40 variables) 
 

 % Correct Klein River South Coast West Coast Total 

Klein River 98.1 52 1 0 53 

South Coast 100 0 50 0 50 

West Coast 96 1 1 48 50 

Total 98.0 53 52 48 153 

 
 
 
(D) Meristics (20 variables) 
 

 % Correct Klein River South Coast West Coast Total 

Klein River 95.2 20 0 1 21 

South Coast 86.4 1 19 2 22 

West Coast 95.5 0 1 21 22 

Total 90.8 23 20 22 65 
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Table S3.1.  Percent variance explained (first row) and variable loadings for the first five principal components from  
a principal components analysis of 40 log-transformed linear morphometric measurements of Sandelia sp. [West Coast] (n=50), 
Sandelia sp. [Klein River] (n=53), and Sandelia sp.[South Coast] (n=50).  The six most extreme loadings for each PC are shown in 
bold. 
 
 Principal Components 
Measurement   PC1     PC2       PC3       PC4     PC5 

Percent variance explained  17.232      12.910      10.684        8.459        6.070 

  1   Predorsal-fin length 0.0521 –0.0651 0.0273 0.0268 0.0747 

  2   Preanal-fin length 0.0766 –0.0164 0.0180 0.0819 0.1282 

  3   Prepelvic-fin length 0.0247 –0.0324 0.0418 0.0382 0.1121 

  4   Head length –0.0343 –0.0561 –0.0096 0.0062 –0.0265 

  5   Postorbital head length –0.0379 –0.0208 –0.1171 –0.0357 –0.1254 

  6   Orbit to angle of preopercle –0.0956 –0.0888 –0.0720 –0.0737 –0.1045 

  7   Cheek height –0.3611 –0.0138 –0.2208 –0.6434 0.4039 

  8   Snout length –0.1168 –0.2555 0.1312 –0.1139 0.3168 

  9   Upper jaw length –0.1664 –0.2287 0.0211 0.0445 –0.0499 

10   Orbit length 0.0245 0.0015 –0.0219 0.1123 –0.0242 
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Table S3.1. Continued.  
 Principal Components 
Measurement    PC1       PC2       PC3       PC4       PC5 

11   Preisthmus length –0.0601 –0.0540 0.0625 –0.0141 –0.0126 

12   Pelvic-fin base to anal-fin origin 0.1610 0.0379 –0.0363 0.1172 0.2313 

13   Pelvic-fin length –0.0450 –0.1161 0.1515 0.1573 –0.0646 

14   Pectoral-fin base to pelvic-fin origin 0.2206 0.4635 –0.2584 0.2008 0.4097 

15   Pectoral-fin base length –0.0876 –0.1476 0.1256 0.0987 0.1277 

16   Pectoral-fin length 0.0388 –0.2129 0.1065 0.1288 –0.0245 

17   Dorsal-fin length 0.0127 –0.0122 0.1075 0.1546 0.0795 

18   Dorsal-fin base length 0.0552 0.0024 0.0979 0.1023 0.1627 

19   Spinous dorsal-fin base length 0.0964 0.0412 0.1737 0.2146 0.2303 

20   Anal-fin length –0.0420 0.0117 0.2005 0.1008 0.0307 

21   Anal-fin base length –0.0480 0.0691 0.2244 0.0337 0.1572 

22   Spinous anal-fin base length 0.1369 0.4121 0.6698 –0.4245 –0.2015 

23   Caudal peduncle dorsal length 0.4747 –0.2839 –0.1388 –0.2044 –0.1369 
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Table S3.1. Continued.  
 Principal Components 
Measurement    PC1       PC2      PC3       PC4       PC5 

24   Caudal peduncle ventral length 0.4611 –0.2887 –0.1077 –0.1827 –0.0416 

25   Caudal-fin length 0.0058 –0.0930 0.0871 0.1341 –0.0750 

26   Dorsal-fin origin to pectoral-fin base –0.0028 0.1356 –0.1387 –0.0364 –0.1074 

27   Dorsal-fin origin to pelvic-fin origin –0.0188 0.1309 –0.1321 –0.0279 –0.0864 

28   Dorsal-fin origin to anal-fin origin 0.0412 0.0986 –0.0563 0.0975 0.0046 

29   Body depth at anal-fin origin 0.0171 0.1217 –0.0817 –0.0138 –0.0768 

30   Last dorsal-fin spine base to anal-fin origin 0.0014 0.1139 0.0003 0.0103 –0.0472 

31   Last dorsal-fin spine base to anal-fin insertion 0.0559 0.0361 –0.0065 –0.0472 –0.0916 

32   Dorsal-fin insertion to anal-fin insertion 0.1594 –0.0304 –0.0456 –0.0636 –0.1324 

33   Caudal peduncle depth 0.1183 0.0039 –0.0464 –0.0670 –0.1347 

34   Head depth at posterior end of opercle –0.0577 0.1059 –0.1132 –0.0291 –0.1058 

35   Head depth at posterior end of preopercle –0.1334 0.0277 –0.1073 –0.0017 –0.1053 

36   Head depth at posterior end of orbit –0.1859 –0.0619 –0.0134 0.0618 –0.0463 
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Table S3.1. Continued. 
  
 Principal Components 
Measurement    PC1        PC2       PC3        PC4        PC5 

37   Body width at pectoral-fin base 0.0545 0.2779 –0.2027 0.0333 –0.1174 

38   Head width (greatest dimension) –0.0785 0.1913 –0.1827 0.0200 –0.1965 

39   Interorbital width –0.2464 0.0404 0.0511 0.1403 –0.2050 

40   Gape width –0.2550 –0.0891 –0.0728 0.1497 –0.2139 
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Table S3.2.  Percent variance explained (first row) and variable loadings for the first four principal components from  
a principal components analysis of 20 meristic variables of Sandelia sp. [West Coast] (n=22),  
Sandelia sp. [Klein River] (n=21), and Sandelia sp.[South Coast] (n=22).  The six most extreme loadings for each PC are in bold. 
 
 
 
 Principal Components 
Count          PC1             PC2         PC3           PC4         PC5       PC6 

Percent variance explained         21.932         16.989         10.513          9.320 0.0010 –0.1530 

  1   Anal-fin soft rays 0.1701 0.0364 0.0552 0.1462 0.0419 0.2083 

  2   Dorsal-fin branched rays 0.1978 0.1746 0.1578 0.1303 –0.0785 0.0341 

  3   Anal-fin spines –0.0098 –0.0710 –0.0146 –0.1720 –0.1078 0.0048 

  4   Anal-fin branched rays 0.1614 0.1392 0.1959 0.2583 0.0915 0.0396 

  5   Pectoral-fin rays 0.0910 –0.0474 0.0560 0.0359 0.2993 0.2660 

  6   Upper lateral line scales 0.1208 0.0590 –0.0019 0.7288 0.7048 0.2618 

  7   Lower lateral line scales 0.2299 0.0862 0.0430 –0.4916 0.3104 –0.0261 

  8   Scales in line with lower lateral line 0.1071 0.0793 0.0509 0.1156 0.0270 0.0398 

  9   Scales below upper lateral line 0.1413 0.0742 0.0318 –0.0077 0.1193 –0.1526 

10   Scales below lower lateral line 0.0611 0.0754 0.1310 –0.1177 0.0010 –0.1530 
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Table S3.2. Continued.       
   Principal Components 
Measurement            PC1            PC2            PC3            PC4            PC5            PC6 

11   Circumpeduncular scales 0.3011 0.2133 0.1551 0.0603 0.1689 –0.7576 

12   Circumferential scales 0.2858 0.7712 –0.2966 –0.1521 –0.3360 0.1629 

13   Cheek scales –0.0380 0.1171 0.0582 0.0551 0.1178 0.0064 

14   Operculum scales –0.6794 0.4667 0.4931 0.0043 0.1025 –0.0018 

15   Interoperculum scales 0.1658 –0.0388 0.2850 –0.0219 –0.1135 0.3820 

16   Subopercle scales –0.0903 0.0965 0.0907 –0.0800 0.0053 0.0083 

17   Supraorbital pores 0.0378 0.0096 –0.0003 –0.0061 –0.0560 0.0283 

18   Infraorbital pores –0.0533 –0.0092 0.0474 –0.0245 –0.0318 0.0827 

19   Supratemporal pores 0.0347 –0.0560 0.0339 –0.0861 0.0133 –0.0914 

20   Gill rakers 0.3443 –0.1653 0.6755 –0.1387 –0.3024 0.0564 
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Table S3.3. Canonical variates of 40 log-transformed linear morphometric measurements 
of Sandelia sp. [West Coast] (n=50), Sandelia sp. [Klein River] (n=53), and Sandelia sp. 
[South Coast] (n=50).  Coefficients were multiplied by 1000 for easier comparison, and 
those in bold are the six most extreme values for each CV. 

Measurement         CV 1       CV 2 

  1   Predorsal-fin length –0.7119 4.5046 

  2   Preanal-fin length 0.1460 2.0009 

  3   Prepelvic-fin length –1.2511 3.0172 

  4   Head length –1.1680 2.0786 

  5   Postorbital head length –0.1504 0.8141 

  6   Orbit to angle of preopercle –1.9319 6.5874 

  7   Cheek height –1.7973 –2.6036 

  8   Snout length –2.4037 4.4628 

  9   Upper jaw length –5.5938 0.4060 

10   Orbit length –1.9095 0.1817 

11   Pre-isthmus length –1.1683 –1.5232 

12   Pelvic-fin base to anal-fin origin 3.8524 0.6541 

13   Pelvic-fin length –2.9480 –4.6140 

14   Pectoral-fin base to pelvic-fin origin 4.9176 0.0664 

15   Pectoral-fin base length –4.2816 –0.7082 

16   Pectoral-fin length –0.9049 –0.9027 

17   Dorsal-fin length –1.3206 –1.4214 

18   Dorsal-fin base length 1.2271 1.7017 

19   Spinous dorsal-fin base length 1.1113 1.6533 
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Table S3.3. Continued.   

Measurement         CV 1       CV 2 

20   Anal-fin length –3.6624 –1.8510 

21   Anal-fin base length –2.5100 1.6309 

22   Spinous anal-fin base length 4.7153 –3.1854 

23   Caudal peduncle dorsal length 11.4930 2.6573 

24   Caudal peduncle ventral length 12.1820 1.2701 

25   Caudal-fin length –2.7584 0.6974 

26   Dorsal-fin origin to pectoral-fin base 2.1055 0.2925 

27   Dorsal-fin origin to pelvic-fin origin 0.7220 –0.3093 

28   Dorsal-fin origin to anal-fin origin 1.0457 –1.5157 

29   Body depth at anal-fin origin 0.6134 3.7102 

30   Last dorsal-fin spine base to anal-fin origin –0.1479 0.4935 

31   Last dorsal-fin spine base to anal-fin insertion 0.6277 0.9741 

32   Dorsal-fin insertion to anal-fin insertion 5.5205 1.0848 

33   Caudal peduncle depth 6.4868 –2.0572 

34   Head depth at posterior end of opercle –0.3965 0.4273 

35   Head depth at posterior end of preopercle –3.8664 –0.5684 

36   Head depth at posterior end of orbit –6.3081 –6.4304 

37   Body width at pectoral-fin base 5.8881 –5.1555 

38   Head width (greatest dimension) 0.8964 –3.4558 

39   Interorbital width –8.1920 –1.0506 

40   Gape width –7.0116 –5.4852 
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Table S3.4. Canonical variates of 20 meristic variables for Sandelia sp. [West Coast] 
(n=22), Sandelia sp. [Klein River] (n=21), and Sandelia sp. [South Coast] (n=22).  The 
three most extreme loadings for each CV are shown in bold. 
 

Count CV 1  CV 2 

  1   Anal-fin soft rays 0.1455 –0.1772 

  2   Dorsal-fin branched rays 0.1435 –0.2628 

  3   Anal-fin spines –0.0207 0.1970 

  4   Anal-fin branched rays 0.1564 –0.2120 

  5   Left side pectoral-fin rays 0.0807 0.0537 

  6   Upper lateral line scales 0.0598 –0.2975 

  7   Lower lateral line scales 0.1083 –0.4127 

  8   Scales in line with lower lateral line 0.0572 –0.1938 

  9   Scales below upper lateral line 0.1223 –0.1294 

10   Scales below lower lateral line 0.0474 –0.0949 

11   Circumpeduncular scales 0.1521 –0.2150 

12   Circumferential scales 0.0665 –0.5249 

13   Cheek scales –0.0384 –0.0256 

14   Operculum scales –0.3876 –0.0684 

15   Interoperculum scales 0.2358 0.1570 

16   Subopercle scales –0.0762 0.0125 

17   Supraorbital pores 0.0441 –0.0339 

18   Infraorbital pores –0.0487 0.0729 
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Table S3.4. Continued. 

Count CV 1 CV 2 

19   Supratemporal pores 0.0585 0.0179 

20   Gill rakers 0.4449 0.2962 

 
 
 
 
 
 



 

 

171 

Table S3.5. Canonical variates of 15 log-transformed linear morphometric measurements 
of Sandelia sp. [West Coast] from the Verlorenvlei River (n = 17), Diep River (n = 16), 
and Berg River (n = 17).  Coefficients were multiplied by 1000 for easier comparison, 
and those in bold are the six most extreme values for each CV. 
 

Count         CV 1       CV 2 

  1   Predorsal-fin length 1.7820 2.9205 

  2   Orbit to angle of preopercle –6.5260 –2.5059 

  3   Cheek height –7.1398 –14.6880 

  4   Snout length 6.3862 –9.5747 

  5   Pelvic-fin length 3.3586 3.1615 

  6   Pectoral-fin base to pelvic-fin origin –2.6861 18.0120 

  7   Pectoral-fin base length 4.9116 –13.3920 

  8   Anal-fin length 1.8561 6.4093 

  9   Caudal peduncle dorsal length 8.7178 8.5458 

10   Caudal peduncle ventral length 8.3610 7.7708 

11   Body depth at anal-fin origin –4.1717 1.7884 

12   Dorsal-fin insertion to anal-fin insertion 0.1330 –1.0977 

13   Head depth at posterior end of orbit –1.8265 –10.1130 

14   Interorbital width –7.6686 5.2837 

15   Gape width –4.1084 2.5025 

 
 
 
 
 
 



 

 

172 

Table S3.6.  Percent variance explained (first row) and variable loadings for the first three 
principal components from a principal components analysis of 15 log-transformed linear 
morphometric measurements of Sandelia sp. [West Coast] from the Verlorenvlei River  
(n = 17), Diep River (n = 16), and Berg River (n = 17).  The three most extreme loadings 
for each PC are shown in bold. 
 
                      Principal Components 
Measurement        PC1           PC2        PC3 

Percent variance explained         31.491         23.816         11.675 

  1   Predorsal-fin length 0.1358 0.0084 –0.0322 

  2   Orbit to angle of preopercle –0.1375 –0.1959 –0.2751 

  3   Cheek height –0.5426 –0.1295 0.5378 

  4   Snout length –0.1862 0.4762 0.2055 

  5   Pelvic-fin length 0.0847 0.1323 –0.1460 

  6   Pectoral-fin base to pelvic-fin origin 0.3490 –0.6492 0.4336 

  7   Pectoral-fin base length –0.0631 0.3191 0.2439 

  8   Anal-fin length 0.0689 0.1136 –0.2020 

  9   Caudal peduncle dorsal length 0.4604 0.1569 0.0720 

10   Caudal peduncle ventral length 0.4212 0.2071 0.0960 

11   Body depth at anal-fin origin 0.0450 –0.1633 –0.0497 

12   Dorsal-fin to anal-fin insertions  0.0737 0.0040 –0.0569 

13   Head depth at posterior end of orbit –0.1580 0.0122 –0.0727 

14   Interorbital width –0.1531 –0.2128 –0.4403 

15   Gape width –0.1744 –0.1350 –0.2504 
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Figure 3.1. Representative live specimens of Sandelia sp. [West Coast] (top: SAIAB 
186123, specimen WB12-AT271, Berg River, 118.5 mm SL); Sandelia sp. [Klein River] 
(center: SAIAB 186085, specimen WB12-AT165, Steenboks River, Klein River system, 
88.0 mm SL); Sandelia sp. [South Coast] (SAIAB 186131, specimen B12-AT295, 
Amandel River, Breede River system, 82.8 mm SL).  Scale bars indicate 10 mm. 
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Figure 3.2. Range map and phylogeny of Sandelia sp. [West Coast] (blue), Sandelia sp. [Klein River] (red), and Sandelia sp. 
[South Coast] (green) with collection sites labeled with the coastal river system.  Entire coastal river systems where these species 
occur are colored but this does not mark their actual ranges.  Phylogeny is based on the maximum likelihood tree shown in Figure 4 
of Bronaugh (Chapter 1).  Black line is the boundary of the Cape Fold Freshwater Ecoregion. 
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Figure 3.2    
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Figure 3.3. (A) Linear morphometric truss (see text for descriptions of measurements) 
and (B) geometric morphometric landmarks for Sandelia capensis sensu lato.  Standard 
length is not shown but is represented by points 1 and 8 in lower figure.  Red dots 
indicate width measurements. Geometric morphometric landmarks are: (1) tip of upper 
jaw (snout), (2) coronal pore, (3) dorsal midline point between pores posterior to coronal 
pore (4) origin of dorsal fin, (5) base of first spiny ray of dorsal fin, (6) insertion of dorsal 
fin, (7) dorsal base of caudal fin, (8) posterior margin of the hypural plate, (9) ventral 
base of caudal fin, (10) insertion of anal fin, (11) base of first spiny ray of anal fin, (12) 
origin of anal fin, (13) origin of pelvic fin, (14) posterior margin of isthmus on midline, 
(15) posterior end of upper jaw, (16) joint of isthmus and dentary, (17) anterior limit of 
orbit, (18) posterior limit of orbit, (19) posterior limit of upper opercular spine, (20) 
origin of pectoral fin. 
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Figure 3.4. Schematic diagram of the cephalic lateralis pores on Sandelia capensis sensu 
lato from (A) lateral, (B) dorsal, and (C) ventral views.  Regions used for counting are 
supraorbital (SupO), supratemporal (SupT), occipital (Occ), infraorbital (Inf), dentary, 
(Den), postorbital (Po), and preopercular (Pre). 

SupO

Inf Po

Pre

SupT
Occ

Den

SupO

Pre
SupT

Occ

Den

A

B C



 

 

178 

 
 
 
 
 
 
 
 
 

 
 
Figure 3.5. Pelvic fins, anus, and anal fin of female (SAIAB 186085, specimen WB12-
AT172, 92.3 mm SL) and male (SAIAB 186085, specimen WB12-AL-15, 92.8 mm SL) 
Sandelia sp. [Klein River] from the Steenboks River, Klein River system, Western Cape, 
South Africa.  Note the gap between the pelvic fins and anus in the female, and the lack 
of one in the male.  Scale bar indicates 10 mm. 
  

Pelvic Fins Anal FinsAnus



 

 

179 

 
 
 
 

 
Figure 3.6. Scree plot of percent variance explained by principal components from a size-
standardized principal components analysis of 35 linear morphometric measurements of 
male Sandelia sp. [West Coast] (n = 38), Sandelia sp. [Klein River] (n = 36), and 
Sandelia sp. [South Coast] (n = 38) > 40 mm in SL. 
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Figure 3.7. Scatterplot of principal components 1 and 4 from a size-standardized principal 
components analysis of 35 linear morphometric measurements of male Sandelia sp. 
[West Coast] (blue, n = 38), Sandelia sp. [Klein River] (red, n = 36), and Sandelia sp. 
[South Coast] (green, n = 38), all > 40 mm SL. Ellipses show 95% confidence intervals.  
Other pairwise comparisons of the first five principal components showed greater overlap 
between the three species. 
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Figure 3.8. Type-II (standardized major axis) linear regressions of caudal peduncle 
ventral length, caudal peduncle dorsal length, interorbital width, and head depth at the 
posterior end of the orbit against standard length for males of Sandelia sp. [West Coast] 
(blue, n = 44), Sandelia sp. [Klein River] (red, n = 36), and Sandelia sp. [South Coast] 
(green, n = 41).  In each case, the hypothesis that the slopes of the species were the equal 
was rejected indicating that there is an allometric difference between at least one species 
pair for each measurement. 
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Figure 3.9. Scatterplot of principal components 1 and 2 from a principal components 
analysis of 20 geometric morphometric landmarks on both sexes of Sandelia sp. [West 
Coast] (blue, n = 118), Sandelia sp. [Klein River] (red, n = 55), and Sandelia sp. [South 
Coast] (green, n = 287).  Ellipses show 95% confidence intervals.  Other pairwise 
comparisons of the first five principal components showed similar overlap between the 
three species.  Wire frames indicate the extremes in body shape on each axis. 
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Figure 3.10. Scree plot of percent variance explained by principal components from a 
principal components analysis of 20 geometric morphometric landmarks on both sexes of 
Sandelia sp. [West Coast] (n = 118), Sandelia sp. [Klein River] (n = 55), and Sandelia sp. 
[South Coast] (n = 287).  The first four principal components account for 54.2% of the 
variation in body shape. 
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Figure 3.11. Canonical variates analysis plot for 20 geometric morphometric landmarks 
on both sexes of Sandelia sp. [West Coast] (blue, n = 118), Sandelia sp. [Klein River] 
(red,  n = 55), and Sandelia sp. [South Coast] (green, n = 287).  Ellipses show 95% 
confidence intervals for each major clade.   
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Figure 3.12. Canonical variates analysis plot for 35 log-transformed linear morphometric 
measurements of male Sandelia sp. [West Coast] (blue, n=38), Sandelia sp. [Klein River] 
(red, n=36), and Sandelia sp. [South Coast] (green, n=38) > 40 mm in SL.  Polygons are 
convex hulls encompassing putative species as indicated. 
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Figure S3.1. Scatterplot of principal components 1 and 4 from a size-standardized 
principal components analysis of 40 linear morphometric measurements of Sandelia sp. 
[West Coast] (blue, n = 50), Sandelia sp. [Klein River] (red, n = 53), and Sandelia sp. 
[South Coast] (green,n = 50).  Ellipses show 95% confidence intervals.  Other pairwise 
comparisons of the first five principal components showed greater overlap between the 
three species. 
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Figure S3.2. Scree plot of percent variance explained by principal components from a 
size-standardized principal components analysis of 40 linear morphometric 
measurements of Sandelia sp. [West Coast] (n = 50), Sandelia sp. [Klein River] (n = 53), 
and Sandelia sp. [South Coast] (n = 50). 
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Figure S3.3. Scatterplot of principal components 1 and 2 from a principal components 
analysis of 20 meristic variables for Sandelia sp. [West Coast] (blue, n = 22),  
Sandelia sp. [Klein River] (red, n = 21), and Sandelia sp. [South Coast] (green, n = 22). 
Ellipses show 95% confidence intervals.  Other pairwise comparisons of the first five 
principal components showed similar overlap between the three species. 
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Figure S3.4. Scree plot of percent variance explained by principal components from a 
principal components analysis of 20 meristic variables for Sandelia sp. [West Coast]  
(n = 22), Sandelia sp. [Klein River] (n = 21), and Sandelia sp. [South Coast] (n = 22). 
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Figure S3.5. Allometric regression based on 20 geometric morphometric landmarks on 
both sexes of Sandelia sp. [West Coast] (blue, n = 118), Sandelia sp. [Klein River] (red, n 
= 55), and Sandelia sp. [South Coast] (green, n = 287). 
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Figure S3.6. Scatterplot of principal components 1 and 2 from a principal components 
analysis of 20 geometric morphometric landmarks on males of Sandelia sp. [West Coast] 
(blue, n = 107), Sandelia sp. [Klein River] (red, n = 36), and Sandelia sp. [South Coast] 
(green, n = 236). Ellipses show 95% confidence intervals.  Other pairwise comparisons of 
the first five principal components showed similar overlap between the three species.  
Wire frames indicated extremes in body shape on each axis. 
  

Sandelia sp. [Klein River]
Sandelia sp. [South Coast]

Sandelia sp. [West Coast]

-0.06 -0.04 -0.02 0.00 0.02 0.04
-0.04

0.04

0.02

0.00

-0.02

               PC1
         16.5% of variance

   
   

   
PC

2
 1

5.
6%

 o
f v

ar
ia

nc
e

0.06



 

 

192 

 
 
 
 
 
 
 
 

 
 
Figure S3.7. Scree plot of percent variance explained by principal components from a 
principal components analysis of 20 geometric morphometric landmarks on male 
Sandelia sp. [West Coast] (n = 107), Sandelia sp. [Klein River] (n = 36), and Sandelia sp. 
[South Coast] (n = 236).  The first four principal components account for 53.9% of the 
variation in body shape. 
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Figure S3.8. Canonical variates analysis plot for 20 geometric morphometric landmarks 
on males of Sandelia sp. [West Coast] (blue, n = 107), Sandelia sp. [Klein River] (red,  
n = 36), and Sandelia sp. [South Coast] (green, n = 236).  Ellipses show 95% confidence 
intervals for each putative species.   
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Figure S3.9. Canonical variates analysis plot for 35 log-transformed linear morphometric 
measurements of male Sandelia sp. [West Coast] (blue, n = 44), Sandelia sp. [Klein 
River] new species (red, n = 36), and Sandelia sp. [South Coast] (green, n = 41).  
Polygons are convex hulls encompassing putative species as indicated. 
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Figure S3.10. Canonical variates analysis plot for 40 log-transformed linear 
morphometric measurements of Sandelia sp. [West Coast] (blue, n = 50), Sandelia sp. 
[Klein River] (red, n = 53), and Sandelia sp. [South Coast] (green, n = 50).  Polygons are 
convex hulls encompassing putative species as indicated. 
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Figure S3.11. Canonical variates analysis plot for 20 meristic variables for Sandelia sp. 
[West Coast] (blue, n = 22), Sandelia sp. [Klein River] (red, n = 21), and Sandelia sp. 
[South Coast] (green, n = 22).  Polygons are convex hulls encompassing putative species 
as indicated. 
  

-6 -5 -4 -3 -2 -1 0 1 2 3
-4

-3

-2

-1

0

1

2

3

       CV1
82.1% of variation

   
   

  C
V2

17
.9

%
 o

f v
ar

ia
tio

n

Sandelia sp. 
[West Coast]

Sandelia sp. 
[Klein River]

Sandelia sp. 
[South Coast]



 

 

197 

 
 
 
 
 
 

 
 
Figure S3.12. Canonical variates analysis plot for 15 log-transformed linear 
morphometric measurements of Sandelia sp. [West Coast] lineages from the Verlorenvlei 
River (n = 17), Diep River (n = 16), and Berg River (n = 17).  Polygons are convex hulls 
encompassing lineages as indicated. 
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Figure S3.13. Principal components analysis plot for 15 log-transformed linear 
morphometric measurements of Sandelia sp. [West Coast] lineages from the Verlorenvlei 
River (n = 17), Diep River (n = 16), and Berg River (n = 17).  Ellipses show 95% 
confidence intervals.   
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Figure S3.14. Scree plot of percent variance explained by principal components from a 
principal components analysis of 15 log-transformed linear morphometric measurements 
of Sandelia sp. [West Coast] lineages from the Verlorenvlei River (n = 17), Diep River (n 
= 16), and Berg River (n = 17).  
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Figure S3.15. Scatterplot of principal components 1 and 2 from a principal components 
analysis of 14 geometric morphometric landmarks on both sexes of Sandelia sp. [West 
Coast] lineages from the Verlorenvlei River (n = 30), Berg River (n = 58), and Diep 
River (n = 30).  Ellipses indicate 95% confidence intervals for each lineage.   
  

-0.04 -0.02 0.00 0.02 0.04

-0.04

0.02

0.00

-0.02

                       PC1
         28.6% of variance

   
   

   
  P

C
2

 1
6.

8%
 o

f v
ar

ia
nc

e

Verlorenvlei
River

Berg River

Diep River



 

 

201 

 
 
 
 
 
 
 

 
 
Figure S3.16. Scree plot of percent variance explained by principal components from a 
principal components analysis of 14 geometric morphometric landmarks on both sexes of 
Sandelia sp. [West Coast] from the Verlorenvlei River (n = 30), Berg River (n = 58), and 
Diep River (n = 30).  The first three principal components account for 56.8% of the 
variation in body shape. 
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Figure S3.17. Canonical variates analysis plot for 14 geometric morphometric landmarks 
on both sexes of Sandelia sp. [West Coast] lineages from the Verlorenvlei River (n = 30), 
Berg River (n = 58), and Diep River (n = 30).  Ellipses show 95% confidence intervals 
for each lineage.   
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Figure S3.18. Scatterplot of principal components 1 and 2 from a principal components 
analysis of 20 geometric morphometric landmarks on both sexes of Sandelia sp. [Klein 
River] (n = 55) and Sandelia sp. [South Coast] from the Breede River (n = 51).  Ellipses 
indicate 95% confidence intervals for each lineage.  Wire frames indicate extreme body 
shapes on each axis. 
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Figure S3.19. Scree plot of percent variance explained by principal components from a 
principal components analysis of 20 geometric morphometric landmarks on both sexes of 
Sandelia sp. [Klein River] (n = 55) and Sandelia sp. [South Coast] from the Breede River 
(n = 51).  The first four principal components account for 58.0% of the variation in body 
shape. 
  

Principal Component

%
 V

ar
ia

nc
e 

Ex
pl

ai
ne

d

5 10 15 20 25 30 35
  0

  5

10

15

20



 

 

205 

 
 
 
 
 
 
 
 
 

 
 
Figure S3.20. Discriminant function analysis bar graph for 20 geometric morphometric 
landmarks on both sexes of Sandelia sp. [Klein River] (n = 55) and Sandelia sp. [South 
Coast] from the Breede River (n = 51) showing 99% discrimination. 
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Chapter 4: Two new species of climbing gourami  
(Anabantiformes: Anabantidae: Sandelia) 

from the Cape Region of South Africa, 
with a redescription of the Cape Kurper Sandelia capensis (Cuvier 1829) 

 
 
TAXONOMIC DISCLAIMER 
 
The work herein is not to be considered as a public resource, a permanent scientific 

record, or a source of zoological nomenclature under the International Code of 

Zoological Nomenclature.  Any or all nomenclatural acts or names are disclaimed and 

therefore not available. 
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ABSTRACT 

The Cape Floristic Region (CFR) of South Africa harbors only 21 currently 

recognized primary freshwater fish species although most are threatened, 18 are endemic, 

and some are thought to contain unrecognized cryptic diversity.  The anabantid Sandelia 

capensis (Cuvier 1829) occupies most of the coastal river systems in the CFR.  Here we 

revise this taxon to include three species: Sandelia sp. [Klein River], endemic to the 

Klein River system, Sandelia sp. [West Coast], restricted to west coast drainages, and 

Sandelia sp. [South Coast] from south coast drainages other than the Klein River system.  

This revision doubles the number of Sandelia species from two to four, and increases the 

level of endemism for primary freshwater fishes in CFR to 87%.  Currently, S. capensis 

sensu lato is treated as Data Deficient by the IUCN Red List due to taxonomic 

uncertainty.  With this revision, it is likely that Sandelia sp. [South Coast], Sandelia sp. 

[West Coast], and Sandelia sp. [Klein River] will be treated as Vulnerable, Endangered, 

and Critically Endangered, respectively.  Urgent surveys and conservation efforts are 

needed to protect these fish that are threatened by introduced alien fish predators and 

competitors, water extraction, and other human impacts throughout their geographic 

ranges. 
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“There was a time when it required no trifling degree of confidence to venture upon 
introducing a new species ... Of late, however, ... the simple discovery of a form, not 
quite akin to any described, is now regarded as all that is necessary to warrant the 
formation and publication of an additional subdivision.” 
 

— Andrew Smith (1832) in the introduction of his 
paper describing two species and a new genus 
within Sandelia sp. [South Coast] that were never 
considered valid by others. 

 

INTRODUCTION  

According to traditional taxonomy, there are 19 species of primary freshwater 

fishes in the coastal river systems of the Cape Floristic Region (CFR, roughly equivalent 

to the Cape Fold Freshwater Ecoregion) representing four families: Cyprinidae (15 

species of redfins, barbs, and labeos), Galaxiidae (1 Galaxias Cuvier 1816 species), 

Austroglanididae (2 species of rock catfishes), and Anabantidae (1 Sandelia Castelnau 

1861 species) (Skelton 2001).  All but 3 cyprinids are endemic to the CFR for an 

endemism level of 84.2%.  Recently, phylogeographic studies have led to two additional 

endemic cyprinids being described (Chakona and Swartz 2013, Chakona et al. 2014) with 

more new species of endemic cyprinids, galaxiids and anabantids anticipated (Waters and 

Cambray 1997, Roos 2004, Swartz et al. 2009, Chakona et al. 2013a, Chakona et al. 

2015).  While the overall diversity will remain relatively low, these discoveries will 

likely increase the level of endemism to 90% or more, highlighting the CFR as a hotspot 

of endemism for freshwater fishes.  Unfortunately, the CFR is also a hotspot for human 

activities which have resulted in over half of the freshwater fishes assessed as endangered 
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or critically endangered (Darwall et al. 2009).  This combination of taxonomic 

uncertainty in a biodiversity crisis hotspot makes alleviating the Linnean shortfall for 

fishes in the CFR a high priority. 

The Cape Kurper, Sandelia capensis sensu lato, is endemic but widely distributed 

in the CFR.  Bronaugh (Chapter 2) found mitochondrial DNA sequence divergences of 

3.8–7.1% between lineages on the west coast, Klein River, and the rest of the south coast 

(Figure 4.1).  This degree of divergence is two to over three times that between most 

currently recognized congeneric fish species (Ward 2009).  In addition, Bronaugh 

(Chapter 2) found that these lineages have been isolated in allopatric distributions for 7.9 

Ma (95% HPD:12.3–3.9 Ma; West Coast Clade) and 4.2 Ma (95% HPD: 6.4–1.9 Ma; 

Klein River and South Coast clades) by persistent marine and terrestrial barriers to gene 

flow, are reciprocally monophyletic, have mtDNA base pair synapomorphies, and are 

supported by phylogenies based on mtDNA and nDNA sequences.  A morphological 

study (Bronaugh, Chapter 3) found that these lineages differed statistically in 

combinations of linear morphometric measurements, combinations of meristics, body 

shape assessed by geometric morphometrics, and allometry.  In addition, canonical 

variates analyses revealed diagnostic differences between the lineages in combinations of 

linear measurements and meristics.  All these genetic, morphological, and geographical 

differences are features of separately evolving metapopulation lineages (de Queiroz 

2007), and this means that these lineages have different identities, evolutionary 

tendencies, and historical fates (Wiley 1978, Wiley 2002).  Therefore, under the Unified 

and Evolutionary species concepts, we conclude that Sandelia capensis sensu lato is 
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comprised of three species: Sandelia sp. [West Coast], Sandelia sp. [Klein River], and 

Sandelia sp. [South Coast]. 

The climbing gouramies (Anabantiformes: Anabantidae) have a disjunct 

distribution in freshwaters of Sub-Saharan Africa and southeast Asia.  The first African 

anabantid described was Spirobranchus capensis Cuvier 1829 (= Sandelia capensis sensu 

lato).  Cuvier (in: Cuvier and Valenciennes 1831) described this taxon as a new species a 

second time, but with more details, leading many authors to incorrectly use 1831 as the 

date of description.  The following year, Smith (1832) described a new genus and two 

new species, Diacopoma typicus from “most of the rivers towards the southern extremity 

of Africa”, and D. typicoides from “fresh-water lakes and rivers of the eastern part of the 

colony as well as those more to the interior of the continent”.  No subsequent references 

treat these two species as anything other than synonyms of Sandelia capensis sensu lato 

(Eschmeyer et al. 2016).  Castelnau (1861) erected the genus Sandelia, named after 

Sandeli, then chief of the Baika branch of the Xhosa people, and described S. bainsii, 

which inhabits several coastal river systems to the east of, and allopatric with, the 

geographic range of S. capensis.  Günther (1876) dropped Sandelia and moved S. bainsii 

to Spirobranchus.  Subsequently, Boulenger (1899) merged all anabantids, including 

Sandelia, under Anabas Cloquet 1816.  In 1916, Boulenger described Anabas vicinus, the 

last anabantid named from South Africa, from specimens collected around Port Elizabeth 

at the far eastern part of the range of Sandelia sp. [South Coast].  However, this name 

was soon relegated to synonymy by Smith (1937) and Barnard (1943).  Most authors 

followed Boulenger in assigning Spirobranchus and Sandelia to Anabas (Boulenger 

1916, Gilchrist and Thompson 1917, Smith 1937) until Barnard (1943) revived Sandelia 
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for both S. bainsii and S. capensis because Spirobranchus was preoccupied by 

Spirobranchus Blainville 1818, the marine polychaete Christmas-tree worms.  

Subsequently, the taxonomy of Sandelia has been stable to the present day (Norris 1994a, 

Skelton 2001, Rüber et al. 2006, Skelton and Swartz 2011).   

In 1829, Cuvier listed “Cape of Good Hope” as the type locality for 

Spirobranchus (= Sandelia) capensis.  Today, Cape of Good Hope refers to the southern 

tip of the Cape Peninsula (where S. capensis does not occur, Barnard 1943) but in the 

nineteenth century, Cape of Good Hope referred to the entire British colony which 

completely encompassed the entire geographic range of S. capensis.  The syntypes for 

Spirobranchus capensis were obtained by Pierre-Antoine Delalande who collected 263 

specimens of 70 fish species from the colony (Delalande 1822).  He made three 

collecting trips originating from Cape Town in 1818–1820: (1) east to Algoa Bay through 

the entire latitudinal extent of the geographic range of Sandelia sp. [South Coast]; (2) 

north to the Clanwilliam-Olifants River (primarily to make the first scientific collection 

of a hippopotamus) which necessitated crossing all the main rivers inhabited by Sandelia 

sp. [West Coast]; and (3) sailing to Algoa Bay, the eastern limit of Sandelia sp. [South 

Coast] and exploring the land to the northeast.  Of freshwater fishes Delalande only 

remarked, “There is only a small species of fish in some streams; the rivers are absolutely 

wanting”, but there is no specific indication as to where he collected what was 

presumably Sandelia capensis sensu lato.  Therefore, before names can be correctly 

applied to Sandelia sp. [West Coast], Sandelia sp. [Klein River], and Sandelia sp. [South 

Coast], the identity of Cuvier’s syntypes of Spirobranchus (= Sandelia) capensis must be 

determined.  Two of these syntypes (MNHN-IC–0000-5892 and MNHN-IC-A–0365) are 
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housed in the National Museum of Natural History in Paris, France, and the other two 

(ZMB 1390 and ZMB 1391) are in the Berlin Museum of Natural History in Germany.  

However, we have not yet been able to examine any of these syntypes, or any data from 

them, other than two radiographs that have no indication of scale. 

The goals of this study are to (1) find morphological diagnoses for the three 

putative species, (2) provide descriptions and diagnoses of them to be used when formal 

nomenclatural acts can be performed, and (3) review the conservation status and 

implications of this potential new taxonomic arrangement.  Proper nomenclature must 

await the identification of Cuvier’s types but we discuss the possible scenarios.  If this 

arrangement becomes valid, it will double the known species diversity of Sandelia from 

two to four species and add two endemic species to the already highly endemic primary 

freshwater ichthyofauna of the CFR. 

 

MATERIALS AND METHODS 

We collected whole specimens/tissue samples of Sandelia sp. [West Coast] 

(107/43), Sandelia sp. [Klein River] (54/15), and Sandelia sp. [South Coast] (607/176) 

from across their geographic ranges according to procedures outlined in Bronaugh 

(Chapters 2 and 3).  Sequence alignments of mitochondrial cytochrome b and cytochrome 

c oxidase subunit I (COI), and nuclear introns S7 and Calmodulin-4 produced by 

Bronaugh (Chapter 2) were examined by eye for diagnostic nucleotide substitutions.  

Linear morphometric and meristic data come from Bronaugh (Chapter 3).  In addition, 

we examined dentition and the arrangement of scales on the head (because Smith 1832 
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claimed that this was diagnostic for Diacopoma typicoides).  One specimen of each 

species was cleared and stained, following Taylor and van Dyke (1985) to check for 

osteological differences, particularly among the apomorphies identified by Norris (1994a) 

for S. capensis sensu lato.  From nearly every collection site we made digital photographs 

of live specimens (n = 115, Table 4.1) in a phototank with a 12.3 megapixel Nikon D-90 

camera.  These images were compared on a 69 cm Apple Thunderbolt Display monitor to 

search for pigmentation differences between the species.   

 

RESULTS 

Linear morphometric and meristic data are summarized in Tables 4.2 and 4.3, 

respectively.  Linear equations of combinations of variables from canonical variates 

analyses (CVA, Bronaugh Chapter 3) based on size-standardized linear measurements 

(Table 4.4a-c) or meristics (Table 4.4d) are diagnostic.  Values obtained for canonical 

variates can be located on the relevant CVA plot (Figure 4.2) to identify a specimen.   

Examination of cleared and stained specimens revealed no discernable 

osteological differences between the species.   

All three species exhibited similar overall pigmentation patterns.  The metallic 

green flecks on the membrane in the opercular notch in many Sandelia sp. [Klein River] 

and Sandelia sp. [South Coast] were lacking in Sandelia sp. [West Coast].  Sandelia sp. 

[West Coast] also lacked the contrasting whitish stripe between the eye and upper 

mandible found in the other two species.  Sandelia sp. [Klein River] and Sandelia sp. 

[South Coast] usually has 4 stripes behind, and two in front of the eye, whereas Sandelia 
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sp. [West Coast] usually had 3 behind and 1 or 0 in front.  The only difference between 

Sandelia sp. [Klein River] and Sandelia sp. [South Coast] was the more noticeable 

greenish tinge to the body in the former, although all examined Sandelia sp. [Klein River] 

specimens came from one locality. 

 
 
SPECIES DESCRIPTIONS 

Sandelia sp. [Klein River]  

Proposed English name: Klein River Kurper 

Figures 4.2, 4.3, 4.4;  

Tables 4.2, 4.3, 4.4, 4.5 

Synonymy 

Spirobranchus capensis Cuvier, 1829:229 (in part, original description and diagnosis); 

Cuvier, 1831:392 (in part, described as new here as well resulting in many 

attributions of the original description to this publication); Günther, 1876:67 (in 

part, placed Sandelia in synonymy of Spirobranchus Cuvier, 1829 preoccupied by 

Spirobranchus Blainville 1818 (Annelida), and distinguished Sp. capensis from 

Sp. bainsii). 

Anabas capensis Boulenger 1899:243 (in part, change in generic assignment by 

implication);  Boulenger 1916:48, fig. 27 (in part, change in generic assignment 

explicit); Gilchrist and Thompson 1917:543, fig. 157 (in part, description); Smith 

1937:230 (in part, description).   

Sandelia capensis (Cuvier, 1829): Barnard 1943:247 (in part, resurrected Sandelia for  

capensis and bainsii); Paepke 1994:314 (in part, type catalog). 
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Sandelia sp. ‘Klein’: Chakona et al. 2013:7 (identified deeply divergent lineage from 

Klein River, biogeography). 

Sandelia capensis Klein River Clade: Bronaugh (Chapter 2):18 (molecular support for 

species status, biogeography). 

Sandelia sp. [Klein River]: Bronaugh (Chapter 3):125 (morphological support for species 

status). 

 

Material examined 

SAIAB 186085, WB12-AT167, 1, mature male, 80.4 mm SL, Steenboks River 200 m 

north of road R316, Klein River basin, Western Cape Province, South Africa, 

34.27514°S, 19.52500°E, elevation 137 m, 17 February 2012, W. Bronaugh and E. 

Swartz; SAIAB 203612, 49, 24.3–91.5 mm SL, Steenboks River 200 m north of road 

R316, Klein River basin, Western Cape Province, South Africa, 34.27514°S, 

19.52500°E, elevation 137 m, 17 February 2012, W. Bronaugh and E. Swartz; OS 20012, 

5, 61.8–92.5 mm SL, Steenboks River 200 m north of road R316, Klein River basin, 

Western Cape Province, South Africa, 34.27514°S, 19.52500°E, elevation 137 m, 17 

February 2012, W. Bronaugh and E. Swartz. 

 

Diagnosis 

A cryptic species split from Sandelia capensis sensu lato, distinguished from S. 

bainsii by the presence versus absence of extensive black markings, 14 or fewer dorsal-

fin spines versus 15 or more in S. bainsii, dorsal and anal fins more rounded (not pointed) 
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and not extending well past base of caudal fin as in S. bainsii, and a lack of contact 

organs posterior to the orbit in males.  Sandelia sp. [Klein River] is best separated from 

Sandelia sp. [South Coast] and Sandelia sp. [West Coast] by mtDNA sequences of 

cytochrome b or cytochrome c oxidase subunit I (COI).  Molecular diagnostic characters 

for Sandelia sp. [Klein River] are provided in Table 4.5a.  The highly variable 

morphology of Sandelia sp. [Klein River] overlaps the variable morphologies of Sandelia 

sp. [South Coast]  and Sandelia sp. [West Coast] so no small set of characters is 

diagnostic.  However, Sandelia sp. [Klein River] can be morphologically distinguished 

from them by combinations of linear measurements or meristics by using the canonical 

variates equations in Table 4.4 and comparing the values obtained to the appropriate 

CVA plot in Figure 4.2.   

 

Description 

Means, ranges, and standard deviations of ratios of measurements to standard 

length (SL) or head length (HL) for all 54 specimens are given in Table 4.2.  Means, 

ranges, and standard deviations of meristic counts for 21 specimens are provided in Table 

4.3.  In the text below, meristic modes and morphometric means are given in parentheses. 

Body fusiform and laterally compressed, narrow to moderately deep 29.2–37.0% 

SL (32.8% SL) at deepest point.  Head from lateral view broadly triangular with snout 

that varies from somewhat pointed to blunt.  Head depth at posterior end of opercle 73.8–

92.9% HL (85.4% HL).  Predorsal profile slanted 25–30° above horizontal, very slightly 

convex to straight in young individuals, often becoming concave with slight bump just 

anterior to posterior nares in adults.  Ventral profile of head slanted 25–30° below 
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horizontal, slightly convex and angled downward.  Body deepest at dorsal-fin origin, then 

tapers with slight convexity dorsally and ventrally to deep caudal peduncle 13.5–16.8% 

SL (15.0% SL), which is straight or only slightly convex.  Dorsal-fin origin at or slightly 

anterior of vertical through pelvic-fin origin.  Anal-fin origin approximately ventral of  

9th dorsal-fin spine.   

Mouth large, angled 40° dorsally from horizontal, and terminal or slightly 

superior; anterior opening in line horizontally with ventral half of eye.  Maxilla extends 

to below anterior half of eye.  Numerous caniniform teeth on premaxillary, maxillary, and 

mandible in 2–5 irregular rows anteriorly, one row posteriorly.  Anterior teeth largest.  

Conical vomerine teeth in anterior arch, connecting palatine teeth on each side.  Anterior 

nares tubular, arched anteriorly; not reaching maxilla when depressed; located within 

slight depression and in line with tip of snout and dorsal edge of pupil as viewed laterally.  

Posterior nares pore like, round to symmetrically or asymmetrically oval in shape, 

approximately twice diameter of nearby cephalic lateralis pores, anterior side with 

elevated rim, located directly posterior to anterior naris and just anterior to orbit.  Eye 

large with orbit diameter 19.4–28.7% HL (22.5% HL).  Opercle with two short, weak, 

and broad spines, with tips sometimes bifid or trifid.  Upper spine often with rudimentary 

spiny projections or bumps on dorsal edge near tip.  Notch between spines filled by thin 

black membrane. 

Dorsal-fin spines XIII or XIV (XIII), unbranched rays 1–3 (2), branched rays 6–8 

(7), total dorsal-fin rays 8–10 (9); anal-fin spines VI–VIII (VII), unbranched rays 1–3 (1), 

branched rays 6–9 (7), total anal-fin rays 8–10 (9); pectoral-fin unbranched rays 2–4 (3), 

branched rays 8–10 (9), total pectoral-fin rays 11–13 (12); pelvic-fin spines 1, 
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unbranched rays 0–3 (0), branched rays 3–5 (5), total pelvic-fin rays 5–6 (5); caudal-fin 

segmented rays 15–17 (16), dorsal procurrent rays 4, ventral procurrent rays 3–5 (4).  

Supraneurals 2–3 (3); trunk vertebrae 10–11 (10); caudal vertebrae 16–18 (17); total 

vertebrae 27–28 (27); total gill rakers 7–9 (8).  Cephalic lateralis pores: supraorbital 4; 

infraorbital 3–4 (4); postorbital 4–5 (4); preopercular 5; occipital 6; dentary 5; total 

supratemporal 3–4 (3). 

Dorsal-fin base length 46.7–53.2% SL (50.2% SL).  First dorsal-fin spine 

noticeably shorter than second spine; subsequent spines very gradually increasing in 

length to last spine.  Dorsal-fin spines usually slightly curved, especially near base.  All 

but last 2 or 3 dorsal-fin soft rays longer than longest dorsal-fin spine, forming rounded 

lobe extending to, or just shy of, posterior large scales on caudal peduncle.  Anal-fin base 

length 24.3–32.3% SL (27.9% SL).  Anal-fin spines slightly curved, especially near base; 

length increasing from anterior to posterior.  Anal-fin origin at posterior margin of vent.  

All but last 2 or 3 anal-fin soft rays longer than longest anal-fin spine, forming rounded 

lobe extending to, or just shy of, posterior large scales on caudal peduncle.  Caudal fin 

truncate to slightly rounded, distal corners nearly right angled to rounded.  Pectoral fin 

rounded, longest at fifth or sixth ray from dorsal margin; reaching or nearly reaching 

vertical through distal tip of pelvic fin.  Pelvic fin longest on outer edge, tapering toward 

body; reaching or surpassing anterior margin of anus in males, does not reach anus in 

females. 

Large cycloid scales cover body, becoming smaller near dorsal and ventral 

midlines and forming shallow sheath for dorsal- and anal-fin spines, and extending for 2 

or 3 rows onto bases of dorsal- and anal-fin soft rays.  Increasingly indistinct scales cover 
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rest of proximal half to two thirds of dorsal- and anal-fin soft rays.  Large scales end 

abruptly at base of caudal fin, followed by 4–6 rows of smaller scales and then 

increasingly indistinct scales cover rest of proximal one third to two thirds of caudal fin.  

Pectoral and pelvic fins lack scales.  Scales on isthmus often highly indistinct anteriorly.  

Scales lacking between anterior nares, around all nares, between orbit, jaw and nares, on 

both mandibles, dentary, and anterior of subopercle.  Upper lateral line scales 15–18 (16); 

lower lateral line scales 9–12 (10); total scales in line with lower lateral line 26–28 (27); 

scale rows above upper lateral line 3–5 (4); scale rows ventral to anterior lower lateral 

line scale 6–8 (7); scale rows ventral to posterior lower lateral line scale 4–5 (4); scales 

from anal-fin origin to upper lateral line 8–9 (9); circumferential scales 26-34 (31); 

circumpeduncular scales 17–19 (18); cheek scales 5–7 (6); operculum scales 9-15 (10); 

interoperculum scales 2–4 (3); subopercle scales 2–4 (3). 

Lateral line divided, upper line beginning just dorsal of opercle, angling dorsally 

for 3 or 4 scales, then straight posteriorly to around vertical through posterior dorsal-fin 

spine.  Upper and lower lateral lines separated by one horizontal scale row; may be 

separated by up to 2 transverse scale rows, or may transversely overlap by up to 2 scale 

rows.  Lower lateral line extends posteriorly to posterior large scale on caudal peduncle 

but sometimes continues onto one or two small scales on base of caudal fin.  Gill rakers 

short and blunt, becoming rudimentary anteriorly. 

 

Coloration in life  

See Figure 4.3 for representative coloration in live specimen.  Dorsum of head 

olive green, sides greenish to yellowish tan, grading ventrally to pale yellow- or pale 
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orange-tan, gular region and upper breast greenish-white.  Black marks on anterior 

margin of lateral scales forming a vertical stripe or oval varying in thickness up to nearly 

covering entire scale, usually creating regularly spaced pattern of spots or, most 

conspicuously in smaller individuals, arranged in chainlike jagged vertical stripes.  

Spotting pattern becoming less conspicuous, or spots becoming smaller, toward ventrum.  

Straight black lines with diffuse and irregular margins radiating from eye, especially 

posteriorly (1) from ventral margin of orbit to angle of preopercle, (2) from center of eye 

across middle of preopercle and extending onto opercle, (3) from dorsal half of orbit 

across dorsal margin of preopercle and opercle, and (4), less conspicuously or broken into 

spots or squiggles, from near dorsal margin of eye onto dorsum of head, often joining 

course, net-like markings or squiggles that may continue posteriorly, dorsal of upper 

lateral line and onto base of dorsal fin.  Lines radiating from eye sometimes broken, 

especially ventral line.  Contrasting pale to sometimes bright white line between orbit and 

upper jaw.  Lower two lines extend onto snout.  Opercular membrane between spines 

black, usually with patch of metallic green flecks along anterior border or nearly covering 

membrane.  Metallic or coppery green flecks often on preopercle, especially posterior to 

eye, and less so on opercle.  Black vertical bar on body under base of pectoral fin 

extending just dorsal of pectoral fin.  Base of pectoral fin black, rest of pectoral fin 

yellowish tan.  Pelvic fin usually with dark pigment, especially on outer portion, but may 

be entirely pale.  Dorsal and anal fins with black stripes parallel, adjacent, and posterior 

to each spine.  Caudal fin and soft ray portions of dorsal and anal fins orange-tan to pale 

yellow-tan but often with brown to dusky rays with up to ¼ of distal portion pale or 
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whitish.  Distal boundary of darker parts of unpaired fins may be even or irregular in 

outline.  Mandibles tan to greenish tan.  Pupil black, iris orange to dusky. 

 

Coloration of preserved specimens 

See Figure 4.3 for representative preserved specimen.  Background light orange-

brown most conspicuous on preopercle and ventrum, becoming darker dorsally.  Usually 

four dark brown irregular lines radiating from eye posteriorly to angle of preopercle, 

middle of opercle, dorsal margin of opercle and region dorsal to opercle, though exact 

position varies.  Dorsal markings indistinct.  Ventral two lines extend onto snout.  Belly 

scales with tiny light brown splotches, speckles, or dots, increasing in density and 

darkness onto lateral scales so creating dark brown oval or vertical stripe on each scale, 

densest anteriorly shading to orange-brown background posteriorly, giving overall 

regular spotting pattern in adults.  In juveniles, darkly pigmented scales often forming 

vertical stripes or chains. Opercular membrane between spines black.  Fins dark tan.  

Dorsal and anal fins with dark stripe parallel and adjacent to posterior edge of each spine, 

less conspicuous on anal fin.  Scales overlapping base of dorsal fin dusky, scales 

overlapping base of anal fin light orange-brown.  Pectoral fin with dark patch of pigment 

on distal side of base, darker and more extensive on proximal side of base, pattern 

duplicated on adjacent body.  Lateral three soft rays on pelvic fins dusky, medial rays 

pale.  Mandibles light to medium tannish-brown.  Isthmus pale, mottled with brown, or 

dusky.  Pupil brownish-tan, iris dusky.   
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Distribution and habitat 

Sandelia sp. [Klein River] is currently known only from the Klein River system 

which empties into the Atlantic Ocean at Walker Bay, 75 km east of the Cape of Good 

Hope, South Africa.  Aside from the type locality it has also been collected from two sites 

on the upper Hartbees River, a tributary of the Klein River (Chakona et al. 2013).  

Sandelia sp. [Klein River] was not found in the Uilkraals, Heuningnes, or Breede river 

systems bordering on the east and north (Bronaugh Chapter 2, Chakona et al. 2013).  The 

only other systems where it might occur are the Bot and Onrus rivers adjacent and west 

of the Klein River basin, which have not been sampled recently.  The identification of 

Sandelia specimens from those rivers should be determined, preferably with cytochrome 

b or CO1 sequences.  All three collection sites are first, second, or third order headwater 

streams with a low gradient.  Except for a very narrow riparian zone, nearly all natural 

vegetation in the Klein River basin has been replaced by agriculture.  The hardy nature of 

Sandelia capensis sensu lato suggests that Sandelia sp. [Klein River] should be found 

throughout the Klein River system in most or all available freshwater habitats except 

where it has been extirpated by alien bass or trout.  See Figure 4.4 for example of habitat. 

 

Remarks 

Because the Klein River system is so small (80 km long, 980 km2 in area), and 

this cryptic species was only recently recognized, no studies of its biology or ecology 

have been conducted.  However, given the morphological variability, wide fundamental 

niche, broad tolerance of water conditions, and lack of native fish competitors or 
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predators of Sandelia capensis sensu lato, it is likely that the biology and ecology of 

Sandelia sp. [Klein River] is very similar to, if not indistinguishable from, Sandelia sp. 

[South Coast]. 

 

Conservation  

Sandelia sp. [Klein River] has a restricted extension of occurrence (EOO 980 

km2). While detailed populations studies are urgently needed, the known presence of bass 

(Micropterus dolomieu) in the Klein River system, and the intensive agriculture 

throughout the Klein River basin, make it likely that the original population is severely 

fragmented and reduced.  Therefore, the IUCN Red List conservation status of this 

species will probably be Endangered, if not Critically Endangered. 

 

Sandelia sp. [West Coast] 

Proposed English name: West Coast Kurper 

Figures 4.2, 4.5, 4.6);  

Tables 4.2, 4.3, 4.4 

Synonymy 

Spirobranchus capensis Cuvier, 1829:229 (in part, original description and diagnosis;); 

Cuvier and Valenciennes 1831:392, Pls. 200, 205 (part) (in part, described as new 

here as well resulting in many attributions of the original description to this 

publication); Günther, 1876:67 (in part, placed Sandelia in synonymy of 
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Spirobranchus Cuvier, 1829 preoccupied by Spirobranchus Blainville 1818 

(Annelida), and distinguished Sp. capensis from Sp. bainsii). 

Anabas capensis Boulenger 1899:243 (in part, change in generic assignment by 

implication);  Boulenger 1916:48, fig. 27 (in part, change in generic assignment 

explicit); Gilchrist and Thompson 1917:543, fig. 157 (in part, description); Smith 

1937:230 (in part, description).   

Sandelia capensis (Cuvier, 1829): Barnard 1943:247 (in part, presence in west coast 

rivers south from Langvlei River, resurrected Sandelia for capensis and bainsii); 

Blanc 1963:74 (in part, type catalog); Gosse 1986:414 (in part, checklist); Skelton 

1993, 2001:338 (in part, presence in west coast rivers in and south of Verlorenvlei 

River, field guide with illustration); Paepke 1994:314 (in part, type catalog);  Poll 

and Gosse 1995:115 (in part, type catalog). 

Sandelia capensis West Coast Clade: Bronaugh (Chapter 2):18 (molecular support, 

biogeography). 

Sandelia sp. [West Coast]: Bronaugh (Chapter 3):125 (morphological support for species 

status). 

 

Material examined 

SAIAB 186123, WB12-AT271, 1, mature female, 116.0 mm SL, Berg River near second 

bridge above Berg River Dam, Western Cape Province, South Africa, 33.96185°S, 

19.06893°E, elevation 274 m, 25 February 2012, W. Bronaugh, E. Swartz; SAIAB 

186091, 19, 41.4–90.3 mm SL, 20 m downstream from Het Kruis bridge on road R365, 
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Kruismans River, Verlorenvlei River basin, Western Cape Province, South Africa, 

32.60179°S, 18.75039°E, elevation 49 m, 20 February 2012, W. Bronaugh, E. Swartz; 

SAIAB 186107, 1, 38.1 mm SL, 75 m SW of road R366 under bridge on Oeloff Bergh 

Street, Redelinghuys, Verlorenvlei River, Western Cape Province, South Africa, 

32.47218°S, 18.54198°E, elevation 3 m, 21 February 2012, W. Bronaugh, E. Swartz; 

SAIAB 186114, 24, 40.9–147.3 mm SL, 5.3 km above Wemmershoek Dam, Olifants 

River, Berg River basin, Western Cape Province, South Africa, 33.84601°S, 19.12945°E, 

elevation  354 m, 22 February 2012, W. Bronaugh, E. Swartz; SAIAB 186120, 27, 26.3–

77.4 mm SL, 0.5 km above bridge on road R304 just east of farm road, Klapmuts River, 

Diep River basin, Western Cape Province, South Africa, 33.72976°S, 18.74887°E, 

elevation 70 m, 24 February 2012, W. Bronaugh, M. Jordaan; SAIAB 203611, 26, 24.8–

118.4 mm SL, near second bridge above Berg River Dam, Berg River, Western Cape 

Province, South Africa, 33.96185°S, 19.06893°E, elevation 274 m, 25 February 2012, W. 

Bronaugh, E. Swartz; SAIAB 118802, 3, 23.8–34.8 mm SL, Verlorenvlei River at bridge 

near Redelinghuys, Western Cape Province, South Africa, 32.472167°S, 18.541944°E, 

elevation 3 m,  20 March 2011, collectors not recorded; SAIAB 59809, 5, 14.5–66.3 mm 

SL, Kruismans River at road R366 south of R365, Verlorenvlei River basin, Western 

Cape Province, South Africa, 32.7456°S, 18.8178°E, elevation 107 m, 23 January 1999, 

R. Bills, D. Naran; SAIAB 97089, 4, 36.1–76.9 mm SL, Leeu River, above trout farm on 

dirt road along canal, 4.5 km NE of Saron, 5.3 km above Wemmershoek Dam, Olifants 

River, Berg River basin, Western Cape Province, South Africa, 33.155917°S, 

19.050583°E, elevation 135 m, 25 April 2010, A. Chakona, E. Swartz; OS 20013, 3, 
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55.9–73.3 mm SL, 20 m downstream from Het Kruis bridge on road R365, Kruismans 

River, Verlorenvlei River basin, Western Cape Province, South Africa, 32.60179°S, 

18.75039°E, elevation 49 m, 20 February 2012, W. Bronaugh, E. Swartz; OS 20015, 3, 

42.8–70.4 mm SL, 0.5 km above bridge on road R304 just east of farm road, Klapmuts 

River, Diep River basin, Western Cape Province, South Africa, 33.72976°S, 18.74887°E, 

elevation 70 m, 24 February 2012, W. Bronaugh, M. Jordaan; OS 20014, 4, 56.6–87.1 

mm SL, Olifants River 5.3 km above Wemmershoek Dam, Berg River basin, Western 

Cape Province, South Africa, 33.84601°S, 19.12945°E, elevation  354 m,  22 February 

2012, W. Bronaugh, E. Swartz. 

 

Diagnosis 

A cryptic species split from Sandelia capensis sensu lato, distinguished from S. 

bainsii by the presence versus absence of extensive black markings, 14 or fewer dorsal-

fin spines versus 15 or more in S. bainsii, dorsal and anal fins more rounded (not pointed) 

and not extending well past base of caudal fin as in S. bainsii, and a lack of contact 

organs posterior to the orbit in males.  Sandelia sp. [West Coast] is best separated from 

Sandelia sp. [South Coast] and Sandelia sp. [Klein River] by mtDNA sequences of 

cytochrome b or cytochrome c oxidase subunit I (COI).  Molecular diagnostic characters 

for Sandelia sp. [West Coast] are provided in Table 4.5b.  The highly variable 

morphology of Sandelia sp. [West Coast] overlaps the variable morphologies of Sandelia 

sp. [South Coast] and Sandelia sp. [Klein River] so no small set of characters is 

diagnostic.  However, Sandelia sp. [West Coast] can be morphologically distinguished 

from them by combinations of linear measurements or meristics by using the canonical 
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variates equations in Table 4.4 and comparing the values obtained to the appropriate 

CVA plot in Figure 4.2.  

 

Description 

Means, ranges, and standard deviations of ratios of measurements to standard 

length (SL) or head length (HL) for 51 specimens are given in Table 4.2.  Means, ranges, 

and standard deviations of meristic counts for 22 specimens are provided in Table 4.3.  In 

the text below, meristic modes and morphometric means are given in parentheses. 

Body fusiform and laterally compressed, narrow to moderately deep 27.7–37.5% 

SL (33.0% SL) at deepest point.  Head from lateral view broadly triangular with snout 

that varies from somewhat pointed, especially in smaller individuals, to blunt.  Head 

depth at posterior end of opercle 77.5–95.2% HL (84.4% HL).  Predorsal profile slanted 

about 25–30° above horizontal, very slightly convex to straight in young individuals, 

often becoming concave with slight bump just anterior to posterior nares in adults.  

Ventral profile of head slanted about 25–30° below horizontal, slightly convex.  Body 

deepest at dorsal-fin origin, then tapers with slight convexity dorsally and ventrally to 

deep caudal peduncle 11.7–15.8% SL (14.0% SL), which is straight or only slightly 

convex.  Dorsal-fin origin at or slightly posterior of vertical through pelvic-fin origin.  

Anal-fin origin ventral of 8th or 9th dorsal-fin spine.   

Mouth large, angled 40–45° dorsally from horizontal, and terminal or slightly 

superior; anterior opening in line horizontally with ventral half of eye.  Maxilla extends 

to below anterior half to slightly past center of eye.  Numerous caniniform teeth on 

premaxillary, maxillary, and mandible in 2–5 irregular rows anteriorly, one row 
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posteriorly.  Anterior teeth largest.  Conical vomerine teeth in anterior arch, connecting 

palatine teeth on each side.  Anterior nares tubular, arched anteriorly; not reaching 

maxilla when depressed; located within slight depression and in line with tip of snout and 

dorsal edge of pupil as viewed laterally.  Posterior nares pore like, round to 

symmetrically or asymmetrically oval in shape, more than twice diameter of nearby 

cephalic lateralis pores, anterior side usually with elevated rim, located directly posterior 

to anterior naris and just anterior to orbit.  Eye large with orbit diameter 15.9–32.9% HL 

(23.4% HL).  Opercle with two short, weak, and broad spines, with tips sometimes bifid 

or trifid.  Upper spine sometimes with rudimentary spiny projections or bumps on dorsal 

edge near tip.  Notch between spines filled by thin black membrane. 

Dorsal-fin spines XIII, unbranched rays 0–3 (1), branched rays 6–9 (8), total 

dorsal-fin rays 8–10 (9); anal-fin spines VI–VIII (VII), unbranched rays 0–3 (1), 

branched rays 7–9 (8), total anal-fin rays 9–10 (10); pectoral-fin unbranched rays 2–5 (3), 

branched rays 7–11 (9), total pectoral-fin rays 12–14 (12); pelvic-fin spines 1, 

unbranched rays 0–1 (0), branched rays 4–5 (5), total pelvic-fin rays 5; caudal-fin 

segmented rays 14–17 (16), dorsal procurrent rays 3–5 (4), ventral procurrent rays 3–5 

(4).  Supraneurals 3–4 (3); trunk vertebrae 10–11 (10); caudal vertebrae 17–18 (17); total 

vertebrae 27–29 (27); total gill rakers 7–10 (9).  Cephalic lateralis pores: supraorbital 4–5 

(4); infraorbital 3–5 (4); postorbital 4–5 (4); preopercular 4–5 (5); occipital 4–7 (6); 

dentary 4–5 (5); total supratemporal 3–5 (3). 

Dorsal-fin base length 45.1–54.3% SL (50.1% SL).  First dorsal-fin spine 

noticeably shorter than second spine; subsequent spines very gradually increasing in 

length to last spine.  Dorsal-fin spines usually slightly curved, especially near base but 
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sometimes distally.  All but last 2 or 3 dorsal-fin soft rays longer than longest dorsal-fin 

spine, forming rounded lobe extending to, or just shy of, posterior large scales on caudal 

peduncle.  Anal-fin base length 25.0–31.8% SL (29.0% SL).  Anal-fin spines slightly 

curved, usually distally but sometimes near base; length increasing from anterior to 

posterior.  Anal-fin origin at posterior margin of vent.  All but last 2 or 3 anal-fin soft 

rays longer than longest anal-fin spine, forming rounded lobe extending to, or just shy of, 

posterior large scales on caudal peduncle.  Caudal fin truncate to slightly rounded, distal 

corners rounded.  Pectoral fin rounded, longest sixth ray from dorsal margin; reaching, 

nearly reaching, or sometimes slightly surpassing vertical through distal tip of pelvic fin.  

Pelvic fin longest on outer edge, tapering toward body; reaching or surpassing anterior 

margin of anus in males, does not reach anus in females. 

Large cycloid scales cover body, becoming smaller near dorsal and ventral 

midlines and forming shallow sheath for dorsal- and anal-fin spines, and extending for 2 

or 3 rows onto bases of dorsal- and anal-fin soft rays.  Increasingly indistinct scales cover 

up to half or more of proximal portions of dorsal and anal fins between soft rays, with 

extent tapering off posteriorly.  Large scales end abruptly at base of caudal fin, followed 

by 4–6 rows of smaller scales and then increasingly indistinct scales cover rest of 

proximal one third to three fourths of caudal fin.  Pectoral and pelvic fins lack scales.  

Scales on isthmus often highly indistinct anteriorly.  Scales lacking between anterior 

nares, around all nares, between orbit, jaw and nares, on both mandibles, dentary, and 

anterior of subopercle.  Upper lateral line scales 15–19 (17); lower lateral line scales 9–

12 (11); total scales in line with lower lateral line 26–29 (27); scale rows above upper 

lateral line 3–5 (4); scale rows ventral to anterior lower lateral line scale 6–8 (7); scale 
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rows ventral to posterior lower lateral line scale 3–5 (4); scales from anal-fin origin to 

upper lateral line 9–10 (9); circumferential scales 27–33 (30); circumpeduncular scales 

16–21 (19); cheek scales 5–7 (5); operculum scales 7–12 (9); interoperculum scales 2–5 

(4); subopercle scales 2–4 (3). 

Lateral line divided, upper line beginning just dorsal of opercle, angling dorsally 

for 3 or 4 scales, then straight posteriorly to around vertical through posterior dorsal-fin 

spine.  Upper and lower lateral lines separated by one horizontal scale row; may be 

separated by up to 1 transverse scale row, or may transversely overlap by up to 4 scale 

rows.  Lower lateral line extends posteriorly to posterior large scale on caudal peduncle 

but sometimes continues onto one or two small scales on base of caudal fin.  Gill rakers 

short and blunt, becoming rudimentary anteriorly. 

 

Coloration in life 

See Figure 4.5 for representative coloration in live specimen.  Dorsum of head 

dark olive to orange-olive, sides dark rusty-orange to yellowish-orange, with no greenish 

tinge, grading ventrally to pale orange-tan or whitish, gular region and yellowish-white to 

white upper breast.  Black marks on anterior margin of lateral scales forming a vertical 

stripe or crescent (creating pattern of sclaes outlined in black) varying in thickness up to 

nearly covering entire scale, usually creating regularly spaced pattern of spots or, most 

conspicuously in smaller individuals, arranged in chainlike jagged vertical stripes.  

Spotting pattern becoming less conspicuous, or spots becoming smaller, toward ventrum.  

Straight black lines wide with diffuse and irregular margins, or very narrow and sharp-

edged, radiate from eye, especially posteriorly (1) from ventral edge of orbit toward angle 
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of preopercle, (2) from center of eye across middle of preopercle and sometimes 

extending onto opercle, (3) and from dorsal half of orbit across dorsal margin of 

preopercle and opercle.  Rarely, fourth line extending from near dorsal margin of eye 

onto dorsum of head, joining with net-like markings or vermicular squiggles and 

sometimes continuing posteriorly, dorsal of upper lateral line and onto base of dorsal fin.  

Sometimes the lines radiating from the eye may be broken, especially the bottom line.  

Contrasting light or white line between eye and upper mandible greatly reduced or 

absent.  Black lines sometimes on snout but only one or none obviously extending from 

lines radiating from the eye posteriorly.  Opercular membrane between spines black, 

without metallic green flecks.  No metallic or coppery green flecks on preopercle or 

opercle.  Black vertical bar on body under base of pectoral fin sometimes extending just 

dorsal of pectoral fin.  Base of pectoral fin black, rest of pectoral fin yellowish-tan.  

Pelvic fin entirely pale or yellowish-orange, sometimes with dark pigment, especially on 

outer portion.  Dorsal and anal fins with black stripes parallel, adjacent, and posterior to 

each spine, or black squiggles on back extend onto base of dorsal fin.  Caudal fin and soft 

ray portions of dorsal and anal fins solidly orange-tan to yellowish-orange, or with brown 

to dusky rays with up to one third of distal portion pale or whitish.  Distal boundary of 

darker parts of unpaired fins usually irregular in outline.  Mandibles tan to dark olive.  

Pupil black, iris orange to dusky with a pale margin. 

 

Coloration of preserved specimens 

See Figure 4.5 for representative preserved specimen.  Background pale tan to 

light orange-brown most conspicuous on preopercle and ventrum, becoming darker 



 

 

236 

dorsally, but sometimes body entirely blackish-brown.  Usually three or four dark brown, 

straight or wavy lines radiating from eye posteriorly to angle of preopercle, middle of 

opercle, dorsal margin of opercle and region dorsal to opercle, though exact position 

varies.  Ventral two lines sometimes extending onto snout.  Dorsal markings of blackish 

squiggles usually indistinct.  Belly scales with tiny light brown splotches, speckles, or 

dots, increasing in density and darkness onto lateral scales creating dark brown oval or 

vertical bar on each scale, densest anteriorly shading to background color posteriorly, 

creating overall regular spotting pattern in adults.  Darkly pigmented scales in juveniles 

often form vertical stripes or chains. Opercular membrane between spines black.  Fins 

dark tan to blackish-brown.  Dark stripes parallel and adjacent to posterior margins of 

each spine on dorsal and anal fins absent or inconspicuous.  Scales overlapping base of 

dorsal fin dusky, scales overlapping base of anal fin light orange-brown to dark brown.  

Pectoral fin with dark patch of pigment on distal side of base, darker and more extensive 

on proximal side of base.  Lateral three or four soft rays on pelvic fins dusky, medial rays 

pale, or all mostly pale or dusky.  Mandibles light to medium tannish-brown.  Isthmus 

pale, mottled with brown, or dusky.  Pupil brownish-tan, iris dusky.   

 

Distribution and habitat 

Sandelia sp. [West Coast] is known from the Langvlei, Verlorenvlei, Berg (Figure 

4.6), and Diep rivers west of the Cape Fold Mountains, north of the Cape of Good Hope 

Peninsula, and draining into the Atlantic Ocean on the west coast of southwestern South 

Africa.  This species occupies nearly all freshwater habitats from near sea level to over 

350 m in elevation.  The historical geographic range has been reduced by water 
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extraction and predation and competition from alien bass and trout.  The population in the 

Suurvlei and Leeu rivers of the Clanwilliam Olifants River system was established by 

human translocation. 

 

Remarks 

Because the West Coast species has heretofore not been recognized, no biological 

or ecological studies are known to have been restricted to these populations.  However, 

given the morphological variability, wide fundamental niche, broad tolerance of water 

conditions, and lack of native fish competitors or predators of Sandelia capensis sensu 

lato, it is likely that the biology and ecology of Sandelia sp. [West Coast] is very similar 

to, if not indistinguishable from, Sandelia sp. [South Coast]. 

 

Conservation 

Sandelia sp. [West Coast] is restricted to four coastal river systems.  In the 

largest, the Berg, its range has collapsed from the entire drainage system to a small set of 

highly fragmented populations (Clark et al. 2009).  While detailed populations studies are 

urgently needed, similar reductions have been observed, or are likely, in the Langvlei, 

Verlorenvlei, and Diep river systems.  Except for a relatively small number of high 

elevation reaches where alien fish have not invaded, most of the range is also impacted 

by intensive agriculture and urbanization.  Thus, it is likely that Sandelia sp. [West 

Coast] will be given the IUCN Red List conservation status of Endangered.   
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Sandelia sp. [South Coast]  

Proposed English name: South Coast Kurper 

Figures 4.2, 4.8, 4.9;  

Tables 4.2, 4.3, 4.4 

 

Synonymy 

Spirobranchus capensis Cuvier, 1829:229 (in part, original description and diagnosis); 

Cuvier, 1831:392 (in part, described as new here as well resulting in many 

attributions of the original description to this publication); Günther, 1876:67 (in 

part, placed Sandelia in synonymy of Spirobranchus Cuvier, 1829 preoccupied by 

Spirobranchus Blainville 1818 (Annelida), and distinguished Sp. capensis from 

Sp. bainsii). 

Diacopoma typicus Smith 1832:19 (original description; type locality: “rivers towards the 

southern extremity of Africa”); Eschmeyer et al. 2016:online Catalog of Fishes 

(junior synonym of Sandelia capensis (Cuvier 1829)); Skelton 2013:24 (D. 

typicus same as Sandelia capensis). 

Diacopoma typicoides Smith 1832:20 (original description; type locality: “lakes and 

rivers of the eastern part of the [Cape] colony as well as those to the interior of the 

continent”); Eschmeyer et al. 2016:online Catalog of Fishes (junior synonym of 

Sandelia capensis (Cuvier 1829)); Skelton 2013:24 (D. typicoides same as 

Sandelia bainsii [this is an error, should be Sandelia capensis]). 

Anabas capensis Boulenger 1899:243 (in part, change in generic assignment by 

implication); Boulenger 1916:48, fig. 27 (in part, change in generic assignment 
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explicit); Gilchrist and Thompson 1917:543, fig. 157 (in part, description); Smith 

1937:230 (in part, description).   

Anabas vicinus Boulenger 1916:51, fig. 28 (original description; type locality: Port 

Elizabeth, Eastern Cape Province, South Africa); Gilchrist and Thompson 

1917:545, fig. 158 (description);  Smith 1937:231 (junior synonym of A. 

capensis); Barnard 1943:247 (junior synonym of A. capensis).  

Sandelia vicinus: Elsen 1976:73, fig. 6. (swim bladder and labyrinth organ). 

Sandelia vicina: Vierke 1978:182 (cited in Gosse 1986). 

Sandelia capensis (Cuvier, 1829): Barnard 1943:247, fig. 30–31 (in part, resurrected 

Sandelia for capensis and bainsii); Blanc 1963:74 (in part, type catalog); Jubb 

1967 (in part, distribution, cited in Gosse 1986); Cambray 1980:277, Figure 3 

(lack of contact organs); Gosse 1986:414 (in part, checklist); Cambray 1990:159, 

figures 1-11 (early ontogeny, breeding behavior, habitat, conservation); Skelton 

1993, 2001:338 (in part, range from Cape Flats to Algoa Bay, field guide with 

description illustration); Paepke 1994:314 (in part, type catalog);  Poll and Gosse 

1995:115 (in part, type catalog); Britz and Cambray 2001:280 (morphology of 

eggs); Cambray 2004:311, Figure 1 (spawning behavior); Rüber et al. 2006:386 

(in part, phylogenetics of anabantoids, monophyly of Sandelia in doubt); Chakona 

and Swartz 2012:2 (ecology). 

Sandelia sp. ‘Breede’, ‘Koekedou’, ‘Riviersonderend’, ‘Agulhas’, ‘Uilkraals’, 

‘Duiwenhoks’, and ‘Goukou’: Chakona et al. 2013:7 (biogeography). 

Sandelia capensis South Coast Clade: Bronaugh (Chapter 2):18 (molecular support, 

biogeography). 
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Sandelia sp. [South Coast]: Bronaugh (Chapter 3):125 (morphological support for species 

status). 

 

Material examined 

SAIAB 186032, WB12-AT075, 1, 81.0 mm SL, mature male, Weyers River below bridge 

near Weyersrivier Farm, Gourits River basin, Western Cape Province, South Africa, 

34.02496°S, 21.58376°E, elevation 121 m, 13 February 2012, W. Bronaugh, E. Swartz; 

SAIAB 186014, 39, 14.7–80.8 mm SL, Draaifontein River 20 m above Draaifontein 

Road, Maitland River basin, Eastern Cape Province, South Africa, 33.95763°S, 

25.33385°E, elevation 138 m, 8 February 2012, W. Bronaugh, E. Swartz; SAIAB 

186015, 8, 24.0–32.6 mm SL, Draaifontein River 600 m above Draaifontein Road, 

Maitland River basin, Eastern Cape Province, South Africa, 33.95254°S, 25.33530°E, 

elevation 156 m, 9 February 2012, W. Bronaugh, E. Swartz; SAIAB 186016, 11, 39.1–

63.6 mm SL, Rondebo River 0–100 m above bridge on road R330, Swart River basin, 

Eastern Cape Province, South Africa, 33.97900°S, 24.77885°E, elevation 222 m, 9 

February 2012, W. Bronaugh, E. Swartz; SAIAB 186018, 1, 46.0 mm SL, Klipdrift River 

30 m downstream from road above Klipdrift Dam, Eastern Cape Province, South Africa, 

34.11876°S, 24.53810°E, elevation 49 m, 10 February 2012, W. Bronaugh, E. Swartz; 

SAIAB 186021, 21, 14.2–85.2 mm SL, Bosfontein River near bridge 0.6 km north of 

Wittedrift, Bietou River basin, Western Cape Province, South Africa, 34.00302°S, 

23.33409°E, elevation 16 m, 11 February 2012, W. Bronaugh, E. Swartz; SAIAB 

186026, 22, 33.0–58.4 mm SL, Gouna River 50 m downstream from Gouna Road, 
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Knysna River basin, Western Cape Province, South Africa, 33.99044°S, 23.04013°E, 

elevation 48 m, 11 February 2012, W. Bronaugh, E. Swartz; SAIAB 186027, 19, 17.6–

91.8 mm SL, Malgas River near bridge 0.6 km north of road 12 on north side of George, 

Gwaing River basin, Western Cape Province, South Africa, 33.93754°S, 22.42207°E, 

elevation 217 m, 12 February 2012, W. Bronaugh, E. Swartz; SAIAB 186029, 23, 42.6–

107.8 mm SL, Rooi River 220 m upstream from highway N12/N9, Gwaing River basin, 

Western Cape Province, South Africa, 33.95108°S, 22.45592°E, elevation 222 m, 12 

February 2012, W. Bronaugh, E. Swartz; SAIAB 186030, 4, 73.5–100.3 mm SL, Rooi 

River below bridge on Camphersdrift Street, George, Gwaing River basin, Western Cape 

Province, South Africa, 33.94753°S, 22.45845°E, elevation 235 m, 12 February 2012, W. 

Bronaugh, E. Swartz; SAIAB 203610, 25, 25.5–89.3 mm SL, Weyers River below bridge 

near Weyersrivier Farm, Gourits River basin, Western Cape Province, South Africa, 

34.02496°S, 21.58376°E, elevation 121 m, 13 February 2012, W. Bronaugh, E. Swartz; 

SAIAB 186035, 5, 55.7–93.1 mm SL, Witels River below bridge between Bergfontein 

and Buffelsdrift farms, Gourits River basin, Western Cape Province, South Africa, 

33.99727°S, 21.54613°E, elevation 189 m, 13 February 2012, W. Bronaugh, E. Swartz; 

SAIAB 186037, 66, 16.1–79.9 mm SL, Vet River below bridge on road R323, Goukou 

River basin, Western Cape Province, South Africa, 34.02184°S, 21.22593°E, elevation 

149 m, 14 February 2012, W. Bronaugh, E. Swartz; SAIAB 186075, 60, 16.0–90.6 mm 

SL, 25 km NW of Riversdale near Wadrift Farm at road crossing of tributary 0.8 km 

north of confluence with Duiwenhoks River, Duiwenhoks River basin, Western Cape 

Province, South Africa, 33.97839°S, 21.03233°E, elevation 265 m, 14 February 2012, W. 
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Bronaugh, E. Swartz; SAIAB 186079, 12, 20.4–110.5 mm SL, Kars River above road 

near Karsrivier Farm, River, Heuningnes River basin, Western Cape Province, South 

Africa, 34.41320°S, 19.82038°E, elevation 112 m, 15 February 2012, W. Bronaugh, E. 

Swartz; SAIAB 186082, 19, 24.7–128.0 mm SL, Uilkraals River on Goedvertrou Farm, 

590 m downstream from road crossing, Western Cape Province, South Africa, 

34.53080°S, 19.53468°E, elevation 39 m, 16 February 2012, W. Bronaugh, E. Swartz; 

SAIAB 186089, 85, 19.0–72.3 mm SL, Schusters river at mouth behind sandy beach, just 

south of Scarborough, Cape of Good Hope Peninsula, Western Cape Province, South 

Africa, 34.20209°S, 18.37325°E, elevation –1 m, 18 February 2012, W. Bronaugh, E. 

Swartz; SAIAB 186117, 6, 57.2–87.8 mm SL, Lourens River 20 m NW of Broadway 

Blvd., Strand, Western Cape Province, South Africa, 34.09709°S, 18.82699°E, elevation 

7 m, 24 February 2012, W. Bronaugh, M. Jordaan; SAIAB 186126, 28, 41.4–88.5 mm 

SL, Dawidskraal River 50 m downstream from Porter Road, Silver Sands, Western Cape 

Province, South Africa, 34.36602°S, 18.87086°E, elevation 6 m, 26 February 2012, W. 

Bronaugh, M. Jordaan, E. Swartz; SAIAB 186131, 16, 19.3–81.3 mm SL, Amandel River 

just below bridge on road R45, above Theewaterskloof Dam, Breede River basin, 

Western Cape Province, South Africa, 33.98875°S, 19.18437°E, elevation 334 m, 27 

February 2012, W. Bronaugh, E. Swartz; SAIAB 186146, 21, 22.6–77.5 mm SL, 

Wolwekloof River 40–100 m above Borchards bridge on road R301, Groenberg Nature 

Reserve, Breede River basin, Western Cape Province, South Africa, 33.56926°S, 

19.13869°E, elevation 289 m, 27 February 2012, W. Bronaugh, E. Swartz; SAIAB 

186154, 21, 32.2–118.8 mm SL, Koekedou River 140 m above bridge on Plantation 
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Street, Ceres, Breede River basin, Western Cape Province, South Africa, 33.35952°S, 

19.29668°E, elevation 450 m, 27 February 2012, W. Bronaugh, E. Swartz; SAIAB 

186158, 1, 17.3 mm SL, Smits River 110 m from confluence with Nels River, 9 km NE 

of Calitzdorp, Gourits River basin, Western Cape Province, South Africa, 33.46780°S, 

21.73550°E, elevation 310 m, 28 February 2012, W. Bronaugh, E. Swartz; SAIAB 

186164, 12, 25.6–89.2 mm SL, Nels River 200 m below confluence with Smits River, 9 

km NE of Calitzdorp, Gourits River basin, Western Cape Province, South Africa, 

33.46986°S, 21.73425°E, elevation 308 m, 28 February 2012, W. Bronaugh, E. Swartz; 

SAIAB 186176, 5, 43.3–83.8 mm SL, Kruger River 1.1 km from confluence with Krom 

River, Krom River basin, Western Cape Province, South Africa, 33.87460°S, 

24.00897°E, elevation 398 m, 29 February 2012, W. Bronaugh, E. Swartz; SAIAB 

186172, 10, 23.2–94.2 mm SL, Baakens River 450 m north of Kragga Kamma Road, Port 

Elizabeth, Eastern Cape Province, South Africa, 33.95515°S, 25.51370°E, elevation 111 

m, 1 March 2012, W. Bronaugh, E. Swartz; SAIAB 97077, 5, 78.3–97.9 mm SL, Kars 

River, above bridge on Shietpad Road, Heuningnes River basin, Western Cape Province, 

South Africa, 34.413306°S, 19.820806°E, elevation 112 m, 11 December 2008, A. 

Chakona, E. Swartz; SAIAB 97078, 6, 78.0–99.1 mm SL, Kars River at bridge on road 

between Arniston and Bredasdorp, Heuningnes River basin, Western Cape Province, 

South Africa, 34.580556°S, 20.110528°E, elevation 27 m, 12 December 2009, A. 

Chakona, J. Merron; SAIAB 97080, 5, 66.8–82.3 mm SL, Hoeks River above weir in 

Robertson area, Breede River basin, Western Cape Province, South Africa, 34.010917°S, 

19.839222°E, elevation 442 m, 4 December 2008, A. Chakona, E. Swartz, S. Lowe, M. 
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Ramoejane; SAIAB 97081, 5, 46.1–67.4 mm SL, Boesmans River  Breede River basin, 

Western Cape Province, South Africa, 34.051°S, 19.953°E, elevation 334 m, 10 April 

2009, A. Chakona, J. Merron; SAIAB 97082, 3, 88.4–89.8 mm SL, Sonderend River just 

above Charles, Blue Hippo,  Breede River basin Baakens River 450 m north of Kragga 

Kamma Road, Port Elizabeth, Western Cape Province, South Africa, 34.065389°S, 

19.658833°E, elevation 304 m, 4 October 2009, A. Chakona, W. Kadye; SAIAB 83626, 

6, 30.4–44.5 mm SL, Fernkloof-Hol River, Gamtoos River basin, Eastern Cape Province, 

South Africa, 33.71055°S, 24.830833°E, elevation 150 m, 11 June 2009, O. Weyl, B. 

Mackenzie; SAIAB 83602, 4, 42.3–55.5 mm SL, Baakens River, low level bridge 1, Port 

Elizabeth, Eastern Cape Province, South Africa, 33.9712°S, 25.600933°E, elevation 16 

m, 11 June 2009, O. Weyl, B. Mackenzie; OS 20016, 7, 43.3–97.8 mm SL, Koekedou 

River 140 m above bridge on Plantation Street, Ceres, Breede River basin, Western Cape 

Province, South Africa, 33.35952°S, 19.29668°E, elevation 450 m, 27 February 2012, W. 

Bronaugh, E. Swartz; OS 20017, 10, 36.4–99.8 mm SL, Uilkraals River on Goedvertrou 

Farm, 590 m downstream from road crossing, Western Cape Province, South Africa, 

34.53080°S, 19.53468°E, elevation 39 m, 16 February 2012, W. Bronaugh, E. Swartz; 

OS 20018, 21, 21.2–82.7 mm SL, 25 km NW of Riversdale near Wadrift Farm at road 

crossing of tributary 0.8 km north of confluence with Duiwenhoks River, Duiwenhoks 

River basin, Western Cape Province, South Africa, 33.97839°S, 21.03233°E, elevation 

265 m, 14 February 2012, W. Bronaugh, E. Swartz; OS 20019, 14, 21.0–53.5 mm SL, 

Draaifontein River 20 m above Draaifontein Road, Maitland River basin, Eastern Cape 

Province, South Africa, 33.95763°S, 25.33385°E, elevation 138 m, 8 February 2012, W. 
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Bronaugh, E. Swartz; OS 20020, 8, 21.2–78.3 mm SL, Bosfontein River near bridge 0.6 

km north of Wittedrift, Bietou River basin, Western Cape Province, South Africa, 

34.00302°S, 23.33409°E, elevation 16 m, 11 February 2012, W. Bronaugh, E. Swartz. 

 

Diagnosis 

A cryptic species split from Sandelia capensis sensu lato, distinguished from S. 

bainsii by the presence versus absence of extensive black markings, 14 or fewer dorsal-

fin spines versus 15 or more in S. bainsii, dorsal and anal fins more rounded (not pointed) 

and not extending well past base of caudal fin as in S. bainsii, and a lack of contact 

organs posterior to the orbit in males.  Sandelia sp. [South Coast] is best separated from 

Sandelia sp. [West Coast] and Sandelia sp. [Klein River] by mtDNA sequences of 

cytochrome b or cytochrome c oxidase subunit I (COI).  Molecular diagnostic characters 

for Sandelia sp. [South Coast] are provided in Table 4.5c.  The highly variable 

morphology of Sandelia sp. [South Coast] overlaps variable morphologies of Sandelia sp. 

[West Coast] and Sandelia sp. [Klein River] so no small set of characters is diagnostic.  

However, Sandelia sp. [South Coast] can be morphologically distinguished from them by 

combinations of linear measurements or meristics by using the canonical variates 

equations in Table 4.4 and comparing the values obtained to the appropriate CVA plot in 

Figure 4.2.   

 

Description  

Means, ranges, and standard deviations of ratios of measurements to standard 

length (SL) or head length (HL) for all 50 specimens are given in Table 4.2.  Means, 
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ranges, and standard deviations of meristic counts for 22 specimens are provided in Table 

4.3.  In the text below, meristic modes and morphometric means are given in parentheses. 

Body fusiform and laterally compressed, narrow to moderately deep 29.4–37.8% 

SL (33.5% SL) at dorsal fin origin (slightly deeper posteriorly).  Head from lateral view 

broadly triangular with snout that varies from somewhat pointed (especially smaller 

specimens) to blunt.  Head depth at posterior end of opercle 76.9–94.8% HL (85.8% HL).  

Predorsal profile slanted about 25–35° above horizontal, very slightly convex to straight 

in young individuals, remaining convex or becoming concave with slight bump just 

anterior to posterior nares in adults.  Ventral profile of head slanted about 30–35° below 

horizontal, slightly convex.  Body deepest just behind dorsal-fin origin, then tapers with 

slight convexity dorsally and ventrally to deep caudal peduncle 12.9–16.7% SL (14.9% 

SL), which is slightly convex.  Dorsal-fin origin just anterior of vertical through pelvic-

fin origin.  Anal-fin origin approximately ventral of 8th or 9th dorsal-fin spine.   

Mouth large, angled 40–45° dorsally from horizontal, and terminal or slightly 

superior; anterior opening in line horizontally with ventral half of eye.  Maxilla extends 

to below anterior half, or slightly beyond center of eye.  Numerous caniniform teeth on 

premaxillary, maxillary, and mandible in 2–5 irregular rows anteriorly, one row 

posteriorly.  Anterior teeth largest.  Conical vomerine teeth in anterior arch, connecting 

palatine teeth on each side.  Anterior nares tubular, arched anteriorly; not reaching 

maxilla when depressed; located within slight depression and in line with tip of snout and 

dorsal edge of pupil as viewed laterally.  Posterior nares pore like, round to 

symmetrically or asymmetrically oval in shape, 2–3 times diameter of nearby cephalic 

lateralis pores, anterior side often with elevated rim, located directly posterior to anterior 
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naris and just anterior to orbit.  Eye large with orbit diameter 18.0–30.1% HL (23.1% 

HL).  Opercle with two short, weak, and broad spines, with tips sometimes bifid or trifid.  

Upper spine rarely with rudimentary spiny projections or bumps on dorsal edge near tip.  

Notch between spines filled by thin black membrane. 

Dorsal-fin spines XIII–XIV (XIII), unbranched rays 1–3 (1), branched rays 6–9 

(7), total dorsal-fin rays 7–10 (9); anal-fin spines VI–IX (VIII), unbranched rays 0–3 (1), 

branched rays 6–9 (8), total anal-fin rays 8–10 (9); pectoral-fin unbranched rays 2–4 (3), 

branched rays 8–11 (9), total pectoral-fin rays 11–14 (12); pelvic-fin spines 1, 

unbranched rays 0–1 (0), branched rays 4–5 (5), total pelvic-fin rays 4–5 (5); caudal-fin 

segmented rays 15–17 (16), dorsal procurrent rays 4–5 (4), ventral procurrent rays 3–5 

(4).  Supraneurals 2–4 (3); trunk vertebrae 10–11 (10); caudal vertebrae 16–18 (17); total 

vertebrae 26–28 (27); total gill rakers 7–11 (8).  Cephalic lateralis pores: supraorbital 4–5 

(4); infraorbital 3–5 (4); postorbital 3–5 (4); preopercular 5–6 (5); occipital 3–7 (6); 

dentary 5–6 (5); total supratemporal 3–6 (3). 

Dorsal-fin base length 45.1–57.6% SL (50.6% SL).  First dorsal-fin spine 

noticeably shorter than second spine; subsequent spines very gradually increasing in 

length to last spine.  Dorsal-fin spines usually slightly curved.  All but last 2 or 3 dorsal-

fin soft rays longer than longest dorsal-fin spine, forming a rounded lobe extending to, or 

just shy of, posterior large scales on caudal peduncle.  Anal-fin base length 24.6–33.1% 

SL (28.8% SL).  Anal-fin spines slightly curved; length increases from first to last.  Anal-

fin origin at posterior margin of vent.  All but last 2 or 3 anal-fin soft rays longer than 

longest anal-fin spine, forming rounded lobe extending to, or just shy of, posterior large 

scales on caudal peduncle.  Caudal fin truncate to slightly rounded, distal corners nearly 



 

 

248 

right angled to rounded.  Pectoral fin rounded, longest at sixth ray from dorsal margin; 

reaching, nearly reaching, or extending slightly past vertical through distal tip of pelvic 

fin.  Pelvic fin longest on outer edge, tapering toward body; reaching or surpassing 

anterior margin of anus in males, does not reach anus in females. 

Large cycloid scales cover body, becoming smaller near dorsal and ventral 

midlines and forming shallow sheath for dorsal- and anal-fin spines, and extending for 2 

or 3 rows onto bases of dorsal- and anal-fin soft rays.  Increasingly indistinct scales cover 

rest of proximal half to two thirds of dorsal- and anal-fin soft rays, with area covered 

declining posteriorly.  Large scales end abruptly at base of caudal fin, followed by 4–6 

rows of smaller scales and then increasingly indistinct scales cover rest of proximal one 

third to two thirds of caudal fin.  Pectoral and pelvic fins lack scales above base.  Scales 

on isthmus often highly indistinct anteriorly.  Scales lacking between anterior nares, 

around all nares, between orbit, jaw and nares, on both mandibles, dentary, and anterior 

of subopercle.  Upper lateral line scales 15–18 (17); lower lateral line scales 7–13 (10); 

total scales in line with lower lateral line 25–28 (27); scale rows above upper lateral line 

3–5 (4); scale rows ventral to anterior lower lateral line scale 5–8 (7); scale rows ventral 

to posterior lower lateral line scale 4–5 (4); scales from anal-fin origin to upper lateral 

line 8–10 (9); circumferential scales 28–32 (29); circumpeduncular scales 16–20 (18); 

cheek scales 4–7 (5); operculum scales 7–12 (10); interoperculum scales 2–5 (4); 

subopercle scales 2–4 (3).   

Lateral line divided, upper line beginning just dorsal of opercle, angling dorsally 

for 3 or 4 scales, then straight posteriorly to around vertical through posterior dorsal-fin 

spine.  Upper and lower lateral lines separated by one horizontal scale row; may be 
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separated by up to 3 transverse scale rows, or may transversely overlap by up to 2 scale 

rows.  Lower lateral line extends posteriorly to posterior large scale on caudal peduncle 

but sometimes continues onto one or two small scales on base of caudal fin.  Gill rakers 

short and blunt, becoming rudimentary anteriorly. 

 

Coloration in life 

See Figure 4.8 for representative coloration in live specimen.  Dorsum of head 

olive to dark olive green or greenish-orange, sides pale yellowish-tan, yellowish-orange, 

light to dark olive, or rusty-orange, grading to pale yellow, whitish, orange, or pale 

orange-tan.  Gular region and upper breast whitish, light orange-tan to olive or olive-

white.  Black marks on anterior margin of lateral scales forming a vertical stripe or oval 

varying in thickness up to nearly covering entire scale, usually arranged in chainlike 

jagged vertical stripes, sometimes regularly spaced pattern of spots; pattern may be less 

pronounced near the ventrum.  Straight black lines with diffuse and irregular margins, 

radiating from eye, especially posteriorly (1) from ventral edge of orbit to angle of 

preopercle, (2) from center of eye across middle of preopercle and extending onto 

opercle, (3) from dorsal half of orbit across dorsal margin of preopercle and opercle, and 

(4), less conspicuously or broken into spots or squiggles, from near dorsal margin of eye 

onto dorsum of head, often joining with course, net-like markings or vermiculate 

squiggles sometimes continuing posteriorly on sheath scales of dorsal fin.  Some 

individuals with another line extending posteriorly from jaw along ventral edge of 

preopercle.  Lines radiating from eye may be broken, especially ventral line.  Contrasting 

pale to sometimes bright white line between orbit and upper jaw.  Lower two lines 
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sometime extending onto snout.  Opercular membrane between spines black, sometimes 

with patch of metallic green flecks along anterior margin or nearly covering membrane.  

Metallic or coppery green flecks sometimes on preopercle, especially posterior to eye, 

and less so on opercle.  Black vertical bar on body under base of pectoral fin extending 

dorsally just above pectoral fin.  Base of pectoral fin black, rest of pectoral fin yellowish-

tan or yellowish.  Pelvic fin usually with dark pigment, especially on the outer portion, 

but sometimes entirely pale.  Dorsal and anal fins with black stripes parallel, adjacent, 

and posterior to each spine, or black squiggles on back extending onto base of dorsal fin.  

Caudal fin and soft ray portions of dorsal and anal fins solidly dusky, orange-tan, yellow, 

or yellowish-orange, or with brown to dusky rays with up to one third of distal portion 

pale or whitish.  Distal boundary of darker parts of unpaired fins even or irregular in 

outline.  Mandibles whitish-tan to olive.  Pupil black, iris orange to dusky with pale 

margin.  Breeeding males dark with gular area and fins black. 

 

Coloration of preserved specimens 

See Figure 4.8 for representative preserved specimen.  Background pale 

yellowish-tan, light orange-brown, or dark brown, most conspicuous on preopercle and 

ventrum, becoming darker dorsally.  Usually three or four dark brown straight or wavy 

lines radiating from eye posteriorly to angle of preopercle, middle of opercle, dorsal 

margin of opercle and region dorsal to opercle, though exact position varies.  Ventral two 

lines extending onto snout.  Dorsal markings usually indistinct.  Belly scales with tiny 

light brown splotches, speckles, or dots, increasing in density and darkness onto lateral 

scales creating dark brown oval or vertical bar on each scale, densest anteriorly shading 
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to the background color posteriorly, creating overall regular spotted pattern in adults.  In 

juveniles, darkly pigmented scales often forming vertical stripes or chains. Opercular 

membrane between spines black.  Fins dark tan to dusky-brown.  Dorsal and anal fins 

often with dark stripe parallel and adjacent to posterior edge of each spine, less 

conspicuous on anal fin.  Scales overlapping base of dorsal fin dusky, scales overlapping 

base of anal fin light orange-brown.  Pectoral fin with dark patch of pigment on distal and 

proximal sides of base, with dark patch sometimes on adjacent body.  Variable number of 

lateral soft rays on pelvic fins dusky, medial rays pale, but fin sometimes all dusky or all 

pale.  Mandibles light to medium tannish-brown.  Isthmus pale, mottled with brown, or 

dusky.  Pupil brownish-tan, iris dusky.   

 

Distribution and habitat 

This species is known from most rivers draining the south coast of South Africa 

from the Keysers River system south of Cape Town in the Cape Flats east to the Coega 

River just northeast of Port Elizabeth in the Eastern Cape Province.  Populations in the 

Schusters and Palmiet (Hout Bay) on the Cape Peninsula, and those east of the Coega 

River, have been introduced.  Biogeography and human history suggest that populations 

emptying into False Bay may also be the result of human translocation and should be 

investigated (Bronaugh, Chapter 2).  Sandelia sp. [South Coast] occupies nearly all 

freshwater habitats from near sea level to over 500 m in elevation (Figure 4.9).  The 

historical geographic range has been reduced by water extraction and predation and 

competition from alien bass and trout. 
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Remarks 

Sandelia sp. [South Coast] inhabits waters that are moderately flowing to still, 

acidic to alkaline, cool to warm (up to 32ºC), well-oxygenated to poorly oxygenated, 

clear to turbid.  Breeding is in the summer and involves a simple courtship with males 

defending a small spawning territory and the eggs which are demersal and adhesive 

(Cambray 1990).  Slow currents or still pools are preferred where they feed on a variety 

of small animals including fish, insects, and other invertebrates (Skelton 2001, Chakona 

and Swartz 2012). 

 

Conservation 

Sandelia sp. [South Coast] is widely distributed and occupies many isolated 

coastal river systems.  However, many populations have already been eliminated or 

reduced, and impacts from alien fish predators and competitors, water extraction, and 

human activities are widespread throughout its geographic range.  While population 

studies are needed, this species is likely to be given an IUCN Red List conservation status 

of Vulnerable. 

 

DISCUSSION 

This revision doubles the number of Sandelia species from two to four, increases 

the number of anabantids to 34 species, and, in the CFR, increases the number of primary 

freshwater fishes to 23 and the level of endemism to 87%.  Most importantly, it reveals 
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the presence of three species, especially Sandelia sp. [Klein River] and Sandelia sp. 

[West Coast], that are more vulnerable to extinction than S. capensis sensu lato. 

 

Nomenclatural conundrum 

Proper nomenclature for the three species described herein cannot be applied until 

the syntypes for Sandelia capensis sensu lato are identified because the description of the 

type locality includes the entire geographic ranges of all three species.  The brief and 

vague description of Delalande’s travels and collecting efforts (Delalande 1822), allows 

for the possibility that he could have collected the syntypes from the range of any of the 

three species.  It is also possible that the syntypes were not all collected in the same 

locality.  In the near future we plan to examine the syntypes, or images of them, and use 

linear morphometric measurements, meristic counts, and geometric morphometric 

landmarks, together with the analyses in Figure 4.2 and linear equations in Table 4.4, to 

locate them in morphospace and assign them to their respective species.  If these results 

are equivocal we will attempt to obtain mitochondrial DNA sequences of cytochrome b 

and cytochrome c oxidase subunit I according to the procedures in Bronaugh (Chapters 2 

and 3) with additional steps and precautions appropriate for extracting DNA from 200-

year-old specimens.  We will then incorporate these sequences into the maximum 

likelihood phylogenetic analysis in Bronaugh (Chapter 2).   

In the meantime, there are three possible nomenclatural scenarios, assuming all 

syntypes are from only one species (the other four possibilities, three different species 

pairs or all three species, are bridges that don’t need to be crossed at this time).  First, if 

the syntypes are from the West Coast species then Sandelia sp. [West Coast] will become 
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Sandelia capensis (Cuvier 1829) sensu stricto and we will designate a lectotype and 

paralectotypes from the four syntypes of Sandelia capensis sensu lato.  Sandelia sp. 

[Klein River] will be given a new specific epithet as a new species, and a holotype and 

paratypes will be designated.  Sandelia sp. [South Coast] will become Sandelia typicus 

(Smith 1832), new combination, because Diacopoma typicus was named (one page) 

before D. typicoides.  Smith did not designate any types but if we locate his specimens, 

which are likely to be in the United Kingdom, we will designate one of them as the  

neotype. 

Second, if the syntypes are from the Klein River species, Sandelia sp. [Klein 

River] will become Sandelia capensis (Cuvier 1829) sensu stricto and we will designate a 

lectotype and paralectotypes from the four syntypes of Sandelia capensis sensu lato.  

Sandelia sp. [West Coast] will be given a new specific epithet as a new species, and a 

holotype and paratypes will be designated.  Sandelia sp. [South Coast] will be treated as 

Sandelia typicus (Smith 1832), new combination, as in the first scenario. 

Third, if the syntypes are from the South Coast species, Sandelia sp. [South 

Coast] will become Sandelia capensis (Cuvier 1829) sensu stricto and we will designate a 

lectotype and paralectotypes from the four syntypes of Sandelia capensis sensu lato.  This 

nomenclatural act would cause Diacopoma typicus Smith 1832 to become a junior 

synonym of S. capensis (Cuvier 1829) sensu stricto.  Sandelia sp. [Klein River] will be 

given a new specific epithet as a new species, and a holotype and paratypes will be 

designated.  Sandelia sp. [West Coast] will also be given a new specific epithet as a new 

species, and a holotype and paratypes will be designated. 
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In all three scenarios, D. typicoides Smith 1832 and Anabas vicinus Boulenger 

1916, both from the eastern part of the range of Sandelia capensis sensu lato, will be 

treated as junior synonyms of Sandelia sp. [South Coast]. 

Which is the most likely scenario?  Delalande was a meticulous and prodigious 

collector (Barnard 1956, Varley 1956).  During his two years in the Cape of Good Hope 

colony he collected many plants, 300 minerals, and over 13,400 animal specimens 

representing 1,620 species including all vertebrate classes, insects and other 

invertebrates, and the skeleton of a 23-meter beached whale he spent two months 

dissecting.  Given that he collected 259 marine fish specimens but obtained no freshwater 

fish species other than Sandelia and found the rivers otherwise “absolutely wanting” in 

fish, it is reasonable to assume he abandoned pursuit of freshwater fishes relatively early 

on.  This would mean that he probably collected Sandelia on or before his first trip along 

the south coast.  Castelnau (1861) found Sandelia to be common in the nearby Cape Flats 

area in 1856-1858.  However, during the few months before his first trip Delalande  

primarily spent his time preparing for the expedition and collecting plants near Cape 

Town since this was during the early spring blooming season. It therefore seems most 

likely that the syntypes of Sandelia were collected somewhere on his first trip which 

traversed the entire west-east extent of the range of Sandelia sp. [South Coast] to Algoa 

Bay.  While Delalande’s route (unrecorded) may have crossed the range of Sandelia sp. 

[Klein River], chances are much greater that his Sandelia specimens came from one or 

more of the dozens of South Coast river systems he had to have crossed.  Thus, the 

syntypes of Sandelia capensis sensu lato will probably be identified as Sandelia sp. 
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[South Coast] which would result in following the third nomenclatural scenario described 

above. 

It should be noted that Diacopoma Smith 1832 predates Sandelia Castelnau 1861.  

However, Smith seems to be the only author to use Diacopoma, and all other references 

to Sandelia capensis sensu lato use the genera Spirobranchus, Sandelia, or Anabas, 

Diacopoma should probably be suppressed, unless it is determined that S. capensis and S. 

bainsii do not belong in the same genus.  In that case, Diacopoma would become the 

genus of the three species described herein. 

 

Conservation 

Most of the rivers of the CFR have been assessed as critically endangered, while 

the others are endangered or vulnerable (Nel et al. 2007).  Native primary freshwater 

fishes in the CFR have been subjected to a variety of human impacts including introduced 

alien and extralimital piscivorous and non-piscivorous fish species, water extraction, 

pollution, nutrient enrichment, salinization, invasive alien plants, and water flow regime 

changes (Clark et al. 2009).  Of these, introduced alien fish predators and competitors 

have usually been cited as the primary threat.  Introductions of alien fishes in the CFR 

began in 1726 and have continued to as recently as 2012, totaling 55 species with 39 of 

them currently established (Ellender and Weyl 2014).  As a result, of the 19 native 

primary freshwater fish species in the CFR evaluated by the IUCN Red List, only 3 are 

considered Least Concern, 1 is Near Threatened, 3 are Vulnerable, 8 are Endangered, and 

2 are Critically Endangered.  Galaxias zebratus and S. capensis sensu lato are considered 

Data Deficient due to taxonomic uncertainty. 
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While there is a need for intensive population surveys of the three Sandelia 

species described herein, a study of the Berg River system is instructive.  At least eight 

alien fish predators have been introduced and established in this system including three 

bass (Micropterus spp. Lacepède 1802).  Sandelia capensis sensu lato is known to have 

once occurred in the Berg River basin from the smallest headwaters to the coastal 

floodplain (Harrison and Elsworth 1958).  However, Clark et al. (2009) found a 

significant range collapse in Sandelia, as well as the other three native fish species, to 

small isolated populations representing a fraction of their original ranges (Figure 4.10).  

While other impacts can be important, Sandelia and other native species usually cannot 

persist with alien fish predators, and they survive only where alien fish predators, 

particularly Smallmouth Bass (Micropterus dolomieu Lacepède 1802), are excluded by 

hydrological barriers such as waterfalls, weirs, and dams (Clark et al. 2009, Ellender and 

Weyl 2014).  This pattern of alien fishes eliminating native fish species has been 

documented throughout the CFR (Impson 1997, Woodford et al. 2005, Ellender et al. 

2011).  Removal of alien fish predators with rotenone in the Rondegat River resulted in 

the nearly immediate return of native fishes (Weyl et al. 2014). 

Many populations of Sandelia sp. [South Coast] of the South Coast have been 

eliminated or reduced but the size of its overall range, and the number of isolated river 

systems it occupies, still provide some degree of protection for the species.  However, 

due to the ubiquity of documented human impacts throughout its range, a conservation 

status of Vulnerable may be justified.  In contrast, the ranges of the other two species are 

much smaller.  For Sandelia sp. [West Coast] the aforementioned populations in the Berg 

River system have been decimated (Clark et al. 2009) and there is evidence (personal 
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observation, ES) that it has suffered the same fate in the other three river systems it 

occupies: Langvlei, Verlorenvlei, and Diep.  The situation for Sandelia sp. [Klein River] 

is likely similar except it was already restricted to a native range of just 980 km2.  It is 

probable that population studies will determine that Sandelia sp. [West Coast] is 

Endangered, and Sandelia sp. [Klein River] is Critically Endangered.  Such studies, with 

appropriate application of the IUCN Red List criteria (IUCN Standards and Petitions 

Subcommittee 2016), are urgently needed. 

 

CONCLUSIONS 

We have provided descriptions and diagnoses of the three major clades within 

Sandelia capensis sensu lato identified by molecular results from Bronaugh (Chapter 2). 

These clades are now based on molecular synapomorphies, large percent mtDNA 

sequence divergences (4.0–6.7), a mtDNA and nDNA phylogeny, reciprocal monophyly, 

statistical differences in body shape and allometry, diagnostic differences in 

combinations of meristics and  combinations of linear morphometrics, differences in 

pigmentation, and isolation of 4–8 Ma in allopatric ranges separated by persistent 

dispersal barriers.  These differences represent several independent lines of evidence 

supporting the recognition of three species under the unified species concept of de 

Queiroz.  Therefore, we provided descriptions of Sandelia sp. [Klein River] from the 

Klein River system, Sandelia sp. [West Coast] from the Langvlei, Verlorenvlei, Berg, 

and Diep river systems on the west coast, and Sandelia sp. [South Coast] from south 

coast drainages except for the Klein River system.  Due to the lack of specific type 
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locality information, the application of proper nomenclature must await the identification 

of the syntypes of Sandelia capensis sensu lato.  However, based on the known activities 

of the collector, Pierre-Antoine Delalande, we suspect that the Sandelia sp. [South Coast] 

will become Sandelia capensis sensu stricto, and Sandelia sp. [West Coast] and Sandelia 

sp. [Klein River] will be considered new species and need new names.  A review of the 

impacts of introduced alien fish predators and competitors suggests that an IUCN Red 

List assessment would likely result in a conservation status category of Vulnerable for 

Sandelia sp. [South Coast], Endangered for Sandelia sp. [West Coast], and Critically 

Endangered for Sandelia sp. [Klein River].
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Table 4.1. Localities of collection sites for Sandelia sp. [West Coast], Sandelia sp. [South Coast], and Sandelia sp.  
[Klein River] with samples sizes for analysis of live pigmentation.  
 

 
  

 
 

Catalog No. 

 
 

Locality 

 
Coastal 

River System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 

 
Total 

Collected 

 
Live 

Pigmentation 

Sandelia sp. [West Coast] 

SAIAB 186107 Verlorenvlei River Verlorenvlei 32.47218 18.54198 1 1 

SAIAB 186091 Kruismans River Verlorenvlei 32.60179 18.75039 19 9 

OS 20013 Kruismans River Verlorenvlei 32.60179 18.75039 3 1 

SAIAB 186114 Olifants River Berg 33.84601 19.12945 24 9 

OS 20014 Olifants River Berg 33.84601 19.12945 4 1 

SAIAB 203611 Berg River Berg 33.96185 19.06893 25 9 

SAIAB 186123 Berg River Berg 33.96185 19.06893 1 1 

OS 20015 Klapmuts River Diep 33.72976 18.74887 3 2 

SAIAB 186120 Klapmuts River Diep 33.72976 18.74887 27 10 

Totals for Sandelia sp. [West Coast] 107 43 
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Table 4.1. Continued. 

 
 

Catalog No. 

 
 

Locality 

 
Coastal 

River System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 

 
Total 

Collected 

 
Live 

Pigmentation 

Sandelia sp. [Klein River] 

SAIAB 186085 Steenboks River Klein 34.27514 19.52500 1 1 

SAIAB 203612 Steenboks River Klein 34.27514 19.52500 48 12 

OS 20012 Steenboks River Klein 34.27514 19.52500 5 2 

Totals for Sandelia sp. [Klein River] 54 15 

Sandelia sp. [South Coast] 

SAIAB 186079 Kars River Heuningnes 34.41320 19.82038 12 8 

SAIAB 186082 Uilkraals River Uilkraals 34.53080 19.53468 29 6 

OS 20017 Uilkraals River Uilkraals 34.53080 19.53468 10 2 

SAIAB 186089 Schusters River Schusters 34.20209 18.37325 85 10 

SAIAB 186117 Lourens River Lourens 34.09709 18.82699 6 6 

SAIAB 186126 Dawidskraal River Dawidskraal 34.36602 18.87086 28 10 
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Table 4.1. Continued. 
 
 

Catalog No. 

 
 

Locality 

 
Coastal 

River System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 

 
Total 

Collected 

 
Live 

Pigmentation 

SAIAB 186146 Wolwekloof River Breede 33.56926 19.13869 21 2 

SAIAB 186154 Koekedou River Breede 33.35952 19.29668 21 7 

OS 20016 Koekedou River Breede 33.35952 19.29668 7 2 

SAIAB 186131 Amandel River Breede 33.98875 19.18437 16 2 

SAIAB 186037 Vet River Goukou 34.02184 21.22593 66 15 

SAIAB 186164 Nels River Gourits 33.46986 21.73425 12 10 

SAIAB 186158 Smits River Gourits 33.46780 21.73550 1 – 

SAIAB 203610 Weyers River Gourits 34.02496 21.58376 21 7 

SAIAB 186032 Weyers River Gourits 34.02496 21.58376 1 1 

SAIAB 186035 Witels River Gourits 33.99727 21.54613 5 5 

SAIAB 186075 unnamed tributary Duiwenhoks 33.97839 21.03233 60 11 

OS 20018 unnamed tributary Duiwenhoks 33.97839 21.03233 21 4 
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Table 4.1. Continued. 

 
 

Catalog No. 

 
 

Locality 

 
Coastal 

River System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 

 
Total 

Collected 

 
Live 

Pigmentation 

SAIAB 186027 Malgas River Gwaing 33.93754 22.42207 19 4 

SAIAB 186030 Rooi River Gwaing 33.94753 22.45845 4 4 

SAIAB 186029 Rooi River Gwaing 33.95108 22.45592 23 4 

SAIAB 186026 Gouna River Knysna 33.99044 23.04013 22 8 

SAIAB 186021 Bosfontein River Bietou 34.00302 23.33409 21 5 

OS 20020 Bosfontein River Bietou 34.00302 23.33409 8 2 

SAIAB 186176 Kruger River Krom 33.87460 24.00897 5 5 

SAIAB 186018 Klipdrift River Klipdrift 34.11876 24.53810 1 1 

SAIAB 186016 Rondebo River Seekoei 33.97900 24.77885 11 2 

SAIAB 186014 Draaifontein River Maitland 33.95763 25.33385 39 1 

OS 20019 Draaifontein River Maitland 33.95763 25.33385 14 2 

SAIAB 186015 Draaifontein River Maitland 33.95254 25.33530 8 – 
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Table 4.1. Continued. 

 
 

Catalog No. 

 
 

Locality 

 
Coastal 

River System 

Latitude 
(degrees 
South) 

Longitude 
(degrees 

East) 

 
Total 

Collected 

 
Live 

Pigmentation 

SAIAB 186172 Baakens River Baakens 33.95515 25.51370 10 7 

Totals for Sandelia sp. [South Coast] 607 153 

Totals for all three species 768 211 
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Table 4.2. Linear morphometrics for Sandelia sp. [West Coast] (West Coast Kurper; n =  51), Sandelia sp. [Klein River] (Klein 
River Kurper; n =  53), and Sandelia sp. [South Coast] (South Coast Kurper; n = 50) summarized by mean, range, and standard 
deviation.  Standard length is given in millimeters, measurements a–! as a percentage of standard length, and measurements "–
# as a percentage of head length.   
 

 Sandelia sp. [West Coast] 

 Measurement  Mean Range SD 

 Standard length  67.3 27.3–146.1 24.7 

a Predorsal-fin length  45.1 41.8–49.0 1.7 

b Preanal-fin length  64.4 60.9–68.3 1.6 

c Prepelvic-fin length  46.0 42.3–53.2 1.9 

d Head length  37.2 34.2–40.0 1.8 

e Postorbital head length  20.8 17.9–24.2 1.7 

f Pre-isthmus length  21.7 16.1–26.9 1.6 

g Pelvic-fin base to anal-fin origin  19.1 16.0–22.2 1.7 

h Pelvic-fin length  16.1 13.7–18.8 1.2 

i Pectoral-fin base to pelvic-fin origin  8.1 5.8–10.8 1.2 
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Table 4.2. Continued.  

 Sandelia sp. [West Coast] 

 Measurement  Mean Range SD 

j Pectoral-fin base length  6.0 4.6–7.4 0.5 

k Pectoral-fin length  22.5 16.3–25.6 1.9 

m Dorsal-fin length  59.7 49.9–64.4 2.8 

n Dorsal-fin base length  50.1 45.1–54.3 2.1 

o Spinous dorsal-fin base length  32.5 27.7–38.5 2.5 

p Anal-fin length  38.4 33.8–42.1 1.9 

q Anal-fin base length  29.0 25.0–31.8 1.4 

r Spinous anal-fin base length  11.9 9.3–15.0 1.5 

s Caudal peduncle dorsal length  11.9 9.2–14.6 1.1 

t Caudal peduncle ventral length  12.3 10.1–13.8 0.9 

u Caudal-fin length  25.8 21.9–29.1 1.8 
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Table 4.2. Continued.  

 Sandelia sp. [West Coast] 

 Measurement  Mean Range SD 

v Dorsal-fin origin to pectoral-fin base  23.3 19.9–27.6 1.7 

w Dorsal-fin origin to pelvic-fin origin  33.0 27.7–37.5 2.4 

x Dorsal-fin origin to anal-fin origin  38.7 34.5–41.6 1.9 

y Body depth at anal-fin origin  30.8 25.9–36.4 2.2 

z Last dorsal-fin spine base to anal-fin origin  30.2 26.2–34.0 1.7 

$ Last dorsal-fin spine base to anal-fin insertion  27.6 22.7–31.6 1.9 

% Dorsal-fin insertion to anal-fin insertion  15.7 13.6–17.8 0.7 

! Caudal peduncle depth  14.0 11.7–15.8 0.9 

" Head depth at posterior end of opercle  84.4 77.5–95.2 4.4 

& Head depth at posterior end of preopercle  73.7 64.1–83.2 4.2 

' Head depth at posterior end of orbit  56.5 49.0–62.3 3.1 
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Table 4.2. Continued.  

 Sandelia sp. [West Coast] 

 Measurement  Mean Range SD 

( Orbit to angle of preopercle  35.4 27.8–42.5 4.2 

) Cheek height  20.7 14.7–27.8 3.7 

* Snout length  21.6 17.7–39.0 3.2 

+ Upper jaw length  33.0 25.1–33.0 4.1 

, Orbit length  23.4 15.9–32.9 3.4 

- Body width at pectoral-fin base  41.6 30.2–49.8 4.4 

. Head width (greatest dimension)  50.0 39.2–61.8 4.3 

/ Interorbital width  22.5 18.2–27.0 2.0 

# Gape width  27.9 20.4–40.4 4.3 
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Table 4.2. Continued.  

 Sandelia sp. [Klein River] 

 Measurement  Mean Range SD 

 Standard length  69.8 42.8–92.5 12.9 

a Predorsal-fin length  44.0 40.5–47.3 1.4 

b Preanal-fin length  63.5 60.6–66.3 1.2 

c Prepelvic-fin length  44.5 42.6–47.3 1.2 

d Head length  36.2 33.2–39.7 1.3 

e Postorbital head length  20.8 17.8–23.4 1.2 

f Pre-isthmus length  21.1 18.6–23.5 1.1 

g Pelvic-fin base to anal-fin origin  19.8 16.8–23.3 1.5 

h Pelvic-fin length  15.3 12.9–17.5 1.1 

i Pectoral-fin base to pelvic-fin origin  8.4 6.0–10.5 0.9 

j Pectoral-fin base length  5.7 4.2–6.5 0.4 
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Table 4.2. Continued.  

 Sandelia sp. [Klein River] 

 Measurement  Mean Range SD 

k Pectoral-fin length  21.8 16.3–24.3 1.4 

m Dorsal-fin length  58.4 51.3–62.5 2.1 

n Dorsal-fin base length  50.2 46.7–53.2 1.8 

o Spinous dorsal-fin base length  32.6 27.7–38.4 2.4 

p Anal-fin length  36.6 32.7–39.9 1.5 

q Anal-fin base length  27.9 24.3–32.3 1.6 

r Spinous anal-fin base length  12.5 8.5–17.7 1.8 

s Caudal peduncle dorsal length  13.4 10.8–16.4 1.2 

t Caudal peduncle ventral length  13.9 12.1–16.3 1.0 

u Caudal-fin length  24.5 20.9–27.8 1.4 

v Dorsal-fin origin to pectoral-fin base  23.7 21.4–26.3 1.2 
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Table 4.2. Continued.  

 Sandelia sp. [Klein River] 

 Measurement  Mean Range SD 

w Dorsal-fin origin to pelvic-fin origin  32.8 29.2–37.0 1.7 

x Dorsal-fin origin to anal-fin origin  38.6 33.5–42.1 1.7 

y Body depth at anal-fin origin  30.4 26.4–33.6 1.5 

z Last dorsal-fin spine base to anal-fin origin  29.8 26.7–32.8 1.3 

$ Last dorsal-fin spine base to anal-fin insertion  27.6 24.4–31.4 1.6 

% Dorsal-fin insertion to anal-fin insertion  16.5 15.3–19.3 0.8 

! Caudal peduncle depth  15.0 13.5–16.8 0.8 

" Head depth at posterior end of opercle  85.4 73.8–92.9 3.6 

& Head depth at posterior end of preopercle  71.8 66.5–77.8 2.6 

' Head depth at posterior end of orbit  53.6 48.4–60.0 2.6 

( Orbit to angle of preopercle  35.6 30.7–40.1 2.1 
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Table 4.2. Continued.  

 Sandelia sp. [Klein River] 

 Measurement  Mean Range SD 

) Cheek height  21.1 15.6–27.2 2.9 

* Snout length  21.3 18.0–24.7 1.4 

+ Upper jaw length  32.0 27.4–35.9 2.1 

, Orbit length  22.5 19.4–28.7 2.1 

- Body width at pectoral-fin base  45.7 39.7–51.0 3.1 

. Head width (greatest dimension)  51.7 47.7–57.3 2.4 

/ Interorbital width  21.0 18.5–23.7 1.2 

# Gape width  26.9 18.1–34.6 2.7 
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Table 4.2. Continued.  

 Sandelia sp. [South Coast] 

 Measurement  Mean Range SD 

 Standard length  69.4 24.4–117.8 20.5 

a Predorsal-fin length  44.1 40.6–51.1 2.0 

b Preanal-fin length  64.3 61.0–68.9 1.8 

c Prepelvic-fin length  45.2 42.2–47.8 1.2 

d Head length  37.0 34.6–40.4 1.2 

e Postorbital head length  21.3 16.8–37.0 2.6 

f Pre-isthmus length  22.0 19.6–24.9 1.1 

g Pelvic-fin base to anal-fin origin  19.7 16.5–22.3 1.3 

h Pelvic-fin length  16.5 13.5–19.8 1.6 

i Pectoral-fin base to pelvic-fin origin  8.3 6.8–10.8 0.9 

j Pectoral-fin base length  6.0 5.1–6.8 0.4 
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Table 4.2. Continued.  

 Sandelia sp. [South Coast] 

 Measurement  Mean Range SD 

k Pectoral-fin length  22.7 18.9–26.7 1.6 

m Dorsal-fin length  61.0 55.0–66.9 2.5 

n Dorsal-fin base length  50.6 45.1–57.6 2.1 

o Spinous dorsal-fin base length  32.8 26.8–38.4 2.6 

p Anal-fin length  38.9 34.8–43.0 2.0 

q Anal-fin base length  28.8 24.6–33.1 1.8 

r Spinous anal-fin base length  12.6 9.1–15.8 1.5 

s Caudal peduncle dorsal length  12.6 9.8–14.9 1.3 

t Caudal peduncle ventral length  13.1 10.3–16.5 1.3 

u Caudal-fin length  25.5 22.0–30.4 1.9 

v Dorsal-fin origin to pectoral-fin base  23.9 20.5–27.7 1.4 
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Table 4.2. Continued.  

 Sandelia sp. [South Coast] 

 Measurement  Mean Range SD 

w Dorsal-fin origin to pelvic-fin origin  33.5 29.4–37.8 1.9 

x Dorsal-fin origin to anal-fin origin  39.7 35.8–46.7 2.2 

y Body depth at anal-fin origin  30.4 27.1–34.8 1.7 

z Last dorsal-fin spine base to anal-fin origin  30.5 26.9–35.1 1.8 

$ Last dorsal-fin spine base to anal-fin insertion  28.0 24.5–32.8 1.9 

% Dorsal-fin insertion to anal-fin insertion  16.2 13.7–17.8 0.8 

! Caudal peduncle depth  14.9 12.9–16.7 0.9 

" Head depth at posterior end of opercle  85.8 76.9–94.8 4.2 

& Head depth at posterior end of preopercle  74.3 66.9–80.5 3.1 

' Head depth at posterior end of orbit  58.5 52.8–63.7 2.5 

( Orbit to angle of preopercle  34.9 20.3–42.7 4.4 
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Table 4.2. Continued.  

 Sandelia sp. [South Coast] 

 Measurement  Mean Range SD 

) Cheek height  21.9 11.7–29.4 4.0 

* Snout length  21.1 16.5–23.8 1.8 

+ Upper jaw length  33.5 20.6–43.3 4.7 

, Orbit length  23.1 18.0–30.1 3.2 

- Body width at pectoral-fin base  45.7 35.8–54.2 4.6 

. Head width (greatest dimension)  52.8 45.6–60.4 3.9 

/ Interorbital width  22.4 18.5–31.0 1.9 

# Gape width  29.4 19.6–40.8 4.6 
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Table 4.3. Meristic counts for Sandelia sp. [West Coast] (West Coast Kurper; n =  22), 
Sandelia sp. [Klein River] (Klein River Kurper; n =  21), and Sandelia sp. [South Coast]  
(South Coast Kurper; n = 22) summarized by mean, range, and standard deviation (SD).  
Counts with Latin and Greek letters, and in bold, were used in the linear canonical variate 
equations for identification by meristics.  Asterisks indicate invariant counts for the 
examined specimens.   
 

  Sandelia sp. [West Coast] 

 Count  Mean Range SD 

 Dorsal-fin spines  13.0 * * 

 Total dorsal-fin soft rays  9.1 8–10 0.7 

a Dorsal-fin branched rays  7.9 6–9 0.8 

b Anal-fin spines  7.1 6–8 0.5 

c Total anal-fin soft rays  9.6 9–10 0.5 

d Anal-fin branched rays  8.1 7–9 0.6 

 Main caudal-fin rays  15.9 14–17 0.5 

 Branched main caudal-fin rays  13.5 10–14 1.0 

 Dorsal procurrent caudal-fin rays  3.9 3–5 0.5 

 Ventral procurrent caudal-fin rays  4.0 3–5 0.4 

 Supraneurals  3.3 3–4 0.5 

 Total vertebrae  27.3 27–29 0.6 

 Trunk vertebrae  10.1 10–11 0.3 

 Caudal vertebrae  17.2 17–18 0.4 

 Vertebrae anterior to 1st dorsal pterygiophore  3.0 * * 

 Vertebrae anterior to 1st anal pterygiophore  10.1 10–11 0.3 
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Table 4.3. Continued. 

  Sandelia sp. [West Coast] 

 Count  Mean Range SD 

e Left side total pectoral-fin rays  12.5 12–14 0.7 

 Left side branched pectoral-fin rays  9.0 7–11 1.0 

 Left side pelvic-fin spines  1.0 * * 

 Left side total pelvic-fin rays  5.0 * * 

 Left side branched pelvic-fin rays  4.9 4–5 0.4 

f Total scales in line with lower lateral line  27.3 26–29 0.7 

g Lower lateral line scales  10.9 9–12 0.9 

h Anterior scales below lower lateral line  7.3 6–8 0.6 

 Posterior scales below lower lateral line  4.3 3–5 0.6 

i Upper lateral line scales  17.0 15–19 1.2 

 Scales, dorsal-fin origin to upper lateral line  4.1 3–5 0.4 

j Scales, anal-fin origin to upper lateral line  9.4 9–10 0.5 

 Lateral line overlap scales  1.0 -1, +4 1.4 

 Scale rows between lateral lines  1.0 * * 

k Circumferential scales  31.0 27–33 1.5 

m Circumpeduncular scales  18.5 16–21 1.3 

n Cheek scales  5.6 5–7 0.7 

o Scales on operculum  9.2 7–12 1.1 
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Table 4.3. Continued. 

  Sandelia sp. [West Coast] 

 Count  Mean Range SD 

p Scales on interoperculum  4.0 2–5 0.8 

q Scales on subopercle  2.8 2–4 0.6 

r Supraorbital pores  4.2 4–5 0.4 

s Infraorbital pores  3.6 3–5 0.6 

 Postorbital pores  4.1 4–5 0.4 

 Preopercular pores  4.9 4–5 0.3 

t Total supratemporal pores  3.3 3–5 0.6 

 Occipital pores  5.9 4–7 0.9 

 Dentary pores  5.0 4–5 0.2 

u Total gill rakers  9.1 7–10 0.9 

  Sandelia sp. [Klein River] 

 Dorsal-fin spines  13.1 13–14 0.4 

 Total dorsal-fin soft rays  8.9 8–10 0.7 

a Dorsal-fin branched rays  7.1 6–8 0.7 

b Anal-fin spines  7.3 6–8 0.6 

c Total anal-fin soft rays  8.8 8–10 0.6 

d Anal-fin branched rays  7.3 6–9 0.6 

 Main caudal-fin rays  16.1 15–17 0.4 
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Table 4.3. Continued. 

  Sandelia sp. [Klein River] 

 Count  Mean Range SD 

 Branched main caudal-fin rays  13.7 12–15 0.8 

 Dorsal procurrent caudal-fin rays  4.0 * * 

 Ventral procurrent caudal-fin rays  4.0 3–5 0.3 

 Supraneurals  2.9 2–3 0.4 

 Total vertebrae  27.4 27–28 0.5 

 Trunk vertebrae  10.2 10–11 0.4 

 Caudal vertebrae  17.2 16–18 0.5 

 Vertebrae anterior to 1st dorsal pterygiophore  3.0 2–3 0.2 

 Vertebrae anterior to 1st anal pterygiophore  10.2 10–11 0.4 

e Left side total pectoral-fin rays  12.1 11–13 0.6 

 Left side branched pectoral-fin rays  8.9 8–10 0.7 

 Left side pelvic-fin spines  1.0 * * 

 Left side total pelvic-fin rays  5.1 5–6 0.3 

 Left side branched pelvic-fin rays  4.8 3–5 0.5 

f Total scales in line with lower lateral line  26.9 26–28 0.7 

g Lower lateral line scales  10.2 9–12 0.7 

h Anterior scales below lower lateral line  7.0 6–8 0.7 

 Posterior scales below lower lateral line  4.2 4–5 0.4 
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Table 4.3. Continued. 

  Sandelia sp. [Klein River] 

 Count  Mean Range SD 

i Upper lateral line scales  16.5 15–18 1.1 

 Scales, dorsal-fin origin to upper lateral line  4.0 3–5 0.4 

j Scales, anal-fin origin to upper lateral line  8.8 8–9 0.4 

 Lateral line overlap scales  0.0 -2, +2 1.4 

 Scale rows between lateral lines  1.0 * * 

k Circumferential scales  30.4 26–34 1.8 

m Circumpeduncular scales  17.7 17–19 0.6 

n Cheek scales  5.8 5–7 0.5 

o Scales on operculum  11.0 9–15 1.4 

p Scales on interoperculum  2.9 2–4 0.4 

q Scales on subopercle  3.1 2–4 0.6 

r Supraorbital pores  4.0 * * 

s Infraorbital pores  3.9 3–4 0.3 

 Postorbital pores  4.1 4–5 0.4 

 Preopercular pores  5.0 * * 

t Total supratemporal pores  3.0 3–4 0.2 

 Occipital pores  6.0 * * 

 Dentary pores  5.0 * *  
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Table 4.3. Continued. 

  Sandelia sp. [Klein River] 

 Count  Mean Range SD 

u Total gill rakers  7.7 7–9 0.9 

      

  Sandelia sp. [South Coast] 

 Dorsal-fin spines  13.3 13–14 0.5 

 Total dorsal-fin soft rays  8.6 7–10 0.7 

a Dorsal-fin branched rays  7.1 6–9 0.8 

b Anal-fin spines  7.5 6–9 0.7 

c Total anal-fin soft rays  9.0 8–10 0.6 

d Anal-fin branched rays  7.5 6–9 0.7 

 Main caudal-fin rays  15.9 15–17 0.4 

 Branched main caudal-fin rays  13.1 11–14 0.9 

 Dorsal procurrent caudal-fin rays  4.1 4–5 0.3 

 Ventral procurrent caudal-fin rays  4.0 3–5 0.4 

 Supraneurals  3.1 2–4 0.6 

 Total vertebrae  27.0 26–28 0.4 

 Trunk vertebrae  10.1 10–11 0.3 

 Caudal vertebrae  16.9 16–18 0.5 

 Vertebrae anterior to 1st dorsal pterygiophore  2.9 2–3 0.4 

 Vertebrae anterior to 1st anal pterygiophore  10.1 10–11 0.3 

       



 

 

283 

Table 4.3. Continued. 

  Sandelia sp. [South Coast] 

 Count  Mean Range SD 

e Left side total pectoral-fin rays  12.5 11–14 0.7 

 Left side branched pectoral-fin rays  9.3 8–11 0.8 

 Left side pelvic-fin spines  1.0 * * 

 Left side total pelvic-fin rays  5.0 4–5 0.2 

 Left side branched pelvic-fin rays  4.9 4–5 0.3 

f Total scales in line with lower lateral line  26.8 25–28 0.6 

g Lower lateral line scales  9.9 7–13 1.5 

h Anterior scales below lower lateral line  7.0 5–8 0.8 

 Posterior scales below lower lateral line  4.2 4–5 0.4 

i Upper lateral line scales  16.2 15–18 0.9 

 Scales, dorsal-fin origin to upper lateral line  4.0 3–5 0.8 

j Scales, anal-fin origin to upper lateral line  9.0 8–10 0.4 

 Lateral line overlap scales  –0.3 -3, +2 1.7 

 Scale rows between lateral lines  1.0 * * 

k Circumferential scales  29.7 28–32 1.1 

m Circumpeduncular scales  17.9 16–20 1.1 

n Cheek scales  5.6 4–7 0.8 

o Scales on operculum  9.6 7–12 1.8 
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Table 4.3. Continued. 

  Sandelia sp. [South Coast] 

 Count  Mean Range SD 

p Scales on interoperculum  4.0 2–5 1.0 

q Scales on subopercle  2.9 2–4 0.4 

r Supraorbital pores  4.1 4–5 0.3 

s Infraorbital pores  3.9 3–5 0.5 

 Postorbital pores  4.1 3–5 0.4 

 Preopercular pores  5.0 5–6 0.2 

t Total supratemporal pores  3.3 3–6 0.7 

 Occipital pores  5.9 3–7 0.7 

 Dentary pores  5.0 5–6 0.2 

u Total gill rakers  8.6 7–11 1.0 
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Table 4.4. Canonical variate equations for distinguishing Sandelia sp. [West Coast] (West Coast Kurper), Sandelia sp. [Klein 
River] (Klein River Kurper), and Sandelia sp. [South Coast] (South Coast Kurper) for (a) linear morphometrics, males >40 
mm SL; (b) linear morphometrics, males only, all sizes; (c) linear morphometrics, both sexes, all sizes; and (d) meristics, both 
sexes.  Variables are listed in Table 4.2 (linear morphometrics) and Table 4.3 (meristics).  Linear measurements should be size 
standardized with the Allometric Burnaby technique before use in the equations.  Values obtained from the equations should 
be compared with corresponding plots of canonical variates in figure 4.2.  Alternatively, data from unknown specimens can be 
incorporated into our data set (Supplementary Files S4.1, S4.2, S4.3, S4.4 for equations 4.4a, 4.4b, 4.4c, and 4.4d, 
respectivley) for canonical variates analysis. 
 
 

(a) Linear morphometrics, males only, > 40 mm SL 

CV1 = –0.0012154a – 0.0006388c –0.0010189d + 0.0025560g – 0.0001346h + 0.0045607i – 0.0022324j + 0.0001762k – 
0.0011538m + 0.0008855n – 0.0016107o – 0.0030990p – 0.0017038q + 0.0053638r + 0.010426s + 0.011142t – 0.0017785u + 
0.0012951v + 0.0012086w – 0.0010131y – 0 0006202z + 0.0001085! + 0.0051742" + 0.0061018# – 0.0010288$ – 
0.0033814% – 0.0038876& + 0.0047260' – 0.0087917( – 0.0054604) 
 
 
CV2 = –0.0030988a – 0.006712c – 0.0014407d – 0.0003545g + 0.0057527h – 0.0020592i + 0.0033717j + 0.0016654k + 
0.0019177m – 0.0015796n + 0.0001466o + 0.0020933p – 0.0003446 – 0.0010311r – 0.0057053s – 0.0039317t + 0.0004847u – 
0.0007358v + 0.0012002w – 0.0039203y – 0.0005536z – 0.0023175! – 0.0025998" – 0.0004366# – 0.0009031$ + 
0.0010647% + 0.0071290& + 0.001345' + 0.0030153( + 0.0053673) 
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Table 4.4. Continued. 

(b) Linear morphometrics, males only, all sizes 

CV1 =  – 0.0015603a – 0.0011941c – 0.0012947d + 0.0035244g – 0.0000775h + 0.0049846i – 0.0028145j + 0.00062232k – 
0.001134m + 0.00097256n – 0.0011926o – 0.0033384p – 0.0025229q + 0.0066506r + 0.011303s + 0.012538t – 0.0019571u + 
0.0010937v + 0.0013635x – 0.0014641y – 0.00085864z + 0.00057528! + 0.0058021" + 0.0074299# – 0.0011531$ – 
0.0040313% – 0.0043368& – 0.0045626* – 0.0012072+ – 0.0030381, – 0.0057594- – 0.00218. + 0.0061649' – 0.0093752( – 
0.0058785) 
 
 
CV2 =  – 0.0033442a – 0.0020349c – 0.0014571d + 0.00081901g + 0.0051365h – 0.0030484i + 0.0032195j + 0.00096945k + 
0.0018943m – 0.0015762n + 0.00053706o + 0.002149p – 0.0009875q – 0.0013895r – 0.0071255s – 0.0049862t + 
0.00039293u – 0.0011942v + 0.0010723x – 0.0038257y – 0.000582z – 0.0018199! – 0.0027921" – 0.0002004# – 0.0005077$ 
+ 0.0016391% + 0.0076338& – 0.0056139* + 0.0039252+ – 0.0024813, + 0.0019323- + 0.00032558. + 0.0019057' + 
0.0043577( + 0.0071583) 
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Table 4.4. Continued. 
 

(c) Linear morphometrics, both sexes, all sizes 

CV1 = –0.0007119a + 0.0001460b – 0.0012511c – 0.001168d – 0.0001504e –0.0011683f + 0.0038524g – 0.002948h + 
0.0049176i – 0.0042816j – 0.0009049k – 0.0013206m +0.0012271n + 0.0011113o – 0.0036624p – 0.00251q + 0.0047153r + 
0.011493s + 0.012182t – 0.0027584u + 0.0021055v + 0.000722w + 0.0010457x + 0.0006134y – 0.0001479z + 0.0006277! + 
0.0055205" + 0.0064868# – 0.0003965$ – 0.0038664% –0.0063081& – 0.0019319* – 0.0017973+ –0.0024037, – 0.0055938- 
– 0.0019095. + 0.0058881' + 0.0008964/ – 0.008192( – 0.0070116) 
 
CV2 = 0.0045046a + 0.0020009b + 0.0030172c + 0.0020786d + 0.0008141 – 0.0015232f + 0.0006541g – 0.004614h + 
0.0000664i – 0.0007082j – 0.0009027k – 0.0014214m + 0.0017017n + 0.0016533o – 0.001851p + 0.0016309q – 0.0031854r + 
0.0026573s + 0.0012701t + 0.0006974u + 0.0002925v – 0.0003093w – 0.0015157x + 0.0037102y + 0.0004935z + 
0.0009741! + 0.0010848" – 0.0020572# + 0.0004273$ – 0.0005684% – 0.0064304& + 0.0065874* – 0.0026036+ + 
0.0044628, + 0.000406- + 0.0001817. – 0.0051555' – 0.0034558/ – 0.0010506( – 0.0054852) 
 

(d) Meristics, both sexes 

CV1 = 0.1435a – 0.0207b + 0.1455c + 0.1564d + 0.0807e + 0.0572f + 0.1083g + 0.0474h + 0.0598i + 0.1223j + 0.0665k + 
0.1521m – 0.0384n – 0.3876o + 0.2358p – 0.0762q + 0.0441r – 0.0487s + 0.0585t + 0.4449u 
 
CV2 = –0.2628a + 0.197b – 0.1772c – 0.212d + 0.0537e – 0.1938f – 0.4127g – 0.0949h – 0.2975i – 0.1294j – 0.5249k – 
0.215m – 0.0256n – 0.0684o + 0.157p + 0.0125q – 0.0339r + 0.0729s + 0.0179t + 0.2962u 
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Table 4.5. Molecular diagnostic characters for Sandelia sp. [Klein River], (B) Sandelia sp. 
[West Coast], and (C) Sandelia sp. [South Coast] based on sequences of protein coding 
mitochondrial cytochrome b and cytochrome c oxidase subunit I (COI), nuclear intron 1 of the 
S7 ribosomal protein gene, and nuclear intron 4 of calmodulin, a calcium binding protein 
gene.  Sequence alignments are available in Supplementary Files 4.5 (cytochrome b), 4.6 
(COI), 4.7 (S7), and 4.8 (Calmodulin-4). 
 
(A) Sandelia sp. [Klein River] 
 

Marker Diagnostic characters with position in alignment  

cytochrome b 9–G; 171–C; 252–G;  378–T; 423–T; 451–G; 484–T; 540–C; 595–
G; 631–C; 657–A 

COI 129–T; 171–G; 312–T; 318–C; 459–T; 504–A; 546–T; 558–T 

 
(B) Sandelia sp. [West Coast] 
 

Marker Diagnostic characters with position in alignment  

 
cytochrome b 13–A; 51–C; 54–C; 159–T; 186–A; 189–T; 201–C; 204–C; 210–C; 

249–C; 276–G; 285–C; 306 C; 339–T; 366–C; 391–C; 480–T; 483–
C; 486–G; 541–C; 570–C; 573–C; 669–A 

 
COI 96–C; 102–A; 117–T; 177–A; 210–T; 234–G; 246–T; 255–T; 306–

C; 408–G; 411–C; 417–G; 423–T; 477–C; 505–T; 562–T; 570–A; 
573–A 

S7 5–C; 526–A; 545–T 

Cal-4 388–C 

 
 
(C) Sandelia sp. [South Coast] 
 

Marker Diagnostic characters with position in alignment  

cytochrome b 99–G; 237–A; 477–A; 507–T; 609–G; 636–G; 660–C 

COI 561–C; 600–C 
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Figure 4.1. Geographical distribution of Sandelia sp. [West Coast] (blue and yellow triangles), Sandelia sp. [Klein River] (red 
and yellow pentagons), and Sandelia sp. [South Coast]  (green and yellow circles) in the Cape Region of South Africa.   
Introduced populations are indicated by yellow and white squares.  Yellow shapes represent localities of specimens that were 
examined in this study.  Some symbols represent multiple localities and some localities represent multiple lots.  All specimens 
are from the collections at the South African Institute for Aquatic Biodiversity, Grahamstown, South Africa, and Oregon State 
University, Corvallis, Oregon, USA. 
  



 

 

290 
 

 
Figure 4.1. 
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Figure 4.2. Canonical variates analysis plots for use with linear equations in Table 4.4 to 
identify Sandelia sp. [Klein River], Sandelia sp. [West Coast], and Sandelia sp. [South 
Coast].  (A) males > 40 mm SL by 35 size-standardized linear measurements.  (B) males 
of all sizes by 35 size-standardized linear measurements.  (C) males and females of all 
sizes by 40 size-standardized linear measurements.  (D) males and females of all sizes by 
20 meristic counts. Polygons are convex hulls encompassing the species as indicated.  
Figures modified from Bronaugh (Chapter 3). 
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Figure 4.2 
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Figure 4.2. Continued. 
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Figure 4.3. Representative specimen (SAIAB 186085, WB12-AT167) of the Klein River 
Kurper, Sandelia sp. [Klein River] in life (above), and in preservation (below).  Scale bar 
indicates 10 mm. 
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Figure 4.4. Representative habitat of Sandelia sp. [Klein River], Steenboks River, 200 m north of road R316, Klein River basin, 
Western Cape Province, South Africa, 34.27514°S, 19.52500°E, elevation 137 m.
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Figure 4.5. Representative specimen (SAIAB 186123, WB12-AT271) of Sandelia sp. 
[West Coast] in life (above), and in preservation (below).  Scale bar indicates 10 mm. 
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Figure 4.6. Representative habitat of Sandelia sp. [West Coast], Berg River near second 
bridge above Berg River Dam, Western Cape Province, South Africa, 33.96185°S, 
19.06893°E, elevation 274 m. 
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Figure 4.7. Syntype (MNHN-IC-A-0365) of Sandelia capensis (Cuvier 1829), sensu lato, 
“Cape of Good Hope” [colony].  Radiograph image courtesy of the National Museum of 
Natural History, Paris, France.  Scale not available. 
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Figure 4.8. Representative specimen (SAIAB 186032, WB12-AT075) of Sandelia sp. 
[South Coast], in life (above), and in preservation (below).  Scale bar indicates 10 mm. 
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Figure 4.9. Representative habitat of Sandelia sp. [South Coast], Weyers River below 
bridge near Weyersrivier Farm, Gourits River basin, Western Cape Province, South 
Africa, 34.02496°S, 21.58376°E, elevation 121 m. 
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Figure 4.10. Range collapse in four native fishes of the Berg River system, Western Cape 
Province, South Africa, primarily due to introduced alien fishes, particularly bass 
(Micropterus spp.).  Here, Sandelia capensis is equivalent to Sandelia sp. [West Coast].  
Reproduced from Clark et al. (2009). 
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Chapter 5: Conclusions 
 
 
 
OVERVIEW 

 
Coastal river systems, such as those of the Cape Floristic Region (CFR), often 

have few primary freshwater fish species, owing to their isolation.  But that isolation also 

promotes endemism.  Recent studies of freshwater fishes in the CFR have revealed 

additional, cryptic species diversity.   Our study has shown that the anabantid, Sandelia 

capensis (Cuvier 1829) sensu lato, also contains cryptic species.  The fossil-calibrated 

phylogeny we generated indicates that Sandelia capensis sensu lato diverged from S. 

bainsii Castelnau 1861 in the late Oligocene around 24.5 Ma.  What happened over the 

next 16 Ma is left to future fossil discoveries to reveal but around 8 Ma in the late 

Miocene, the most recent common ancestor of Sandelia capensis sensu lato began to 

diverge when, through a river capture event, a small population crossed the Cape Fold 

Mountains to the western slope.  This marked the origin of the species we describe as 

Sandelia sp. [West Coast].  Around 4.2 Ma, another species level divergence began with 

a river capture colonization event which resulted in the narrow endemic Sandelia sp. 

[Klein River], restricted to the tiny Klein River system, and the widespread Sandelia sp. 

[South Coast].  Subsequently, many lesser lineages diverged within Sandelia sp. [West 

Coast] and Sandelia sp. [South Coast]. 

By comparing the known history of geology, climate, and sea levels with our 

estimated timing of lineage divergences we attributed most of the current 

phylogeography of the three Sandelia species to long-term coastal drainage isolation 

combined with rare transdivide dispersal events, particularly via river captures.  Coastal 
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drainage isolation has primarily been maintained by the historically stable 

geomorphology and dry climate, which makes transdivide dispersal rare, and the very 

narrow and steep continental shelf along the west and south coasts west of Cape Agulhas 

(the southern extreme of Africa).  During the glacial periods of the Pleistocene, sea levels 

dropped and rivers were extended over the continental shelf.  A narrow shelf makes 

dispersal via paleoriver confluences unlikely.  East of Cape Agulhas the continental shelf 

widens considerably and many currently isolated river systems would have joined, 

potentially allowing dispersal.  While we found no direct support for paleoriver dispersal 

in Sandelia, it is apparent from other studies that it likely occurred between some river 

systems.  However, it is clear from our study and others that Sandelia did not use some 

paleoriver connections known to have existed.  We showed that all along the southern 

coast where the continental shelf is wide, the near shore topography is relatively steep 

and may have presented hydrological barriers to gene flow in Sandelia, a fish not built for 

efficiency in strong currents. 

 Our morphological study of the Sandelia capensis species complex showed 

statistical and diagnostic differences between the three species.  However, these 

differences are so slight that many linear measurements, or many meristic counts, are 

required to distinguish them.  These species have been isolated from each other for 4–8 

Ma so this morphological stasis is not due solely to insufficient time for divergence.  

Several factors likely contributed to broad niche conservatism and the extreme crypsis of 

these species.  The relatively stable environment of the CFR probably precluded the need 

for morphological adaptation to abiotic factors.  The isolation of the CFR’s coastal river 

systems meant that Sandelia has had to share its habitats with few other fish predators or 
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competitors, and rarely, if at all, did it suffer from the invasion of fish from outside the 

CFR.  This has likely allowed Sandelia to take advantage of a broad realized niche 

because there has been little ecological selection pressure to specialize.  The wide range 

of habitats Sandelia lives in may have contributed to the great amount of morphological 

variation present within each species, whether due to local adaptations or intraspecific 

niche partitioning, resulting in a great amount of overlap between species that obscures 

their differences. 

 

SIGNIFICANCE OF THE FINDINGS 

Scientifically, on a local level, our results contribute to the narrative of how 

biogeographical and evolutionary processes affecting the freshwater fishes of coastal 

river systems in the CFR have produced a low diversity but highly endemic and partially 

cryptic ichthyofauna.  The scientific significance is greater when our discoveries are 

placed within a global perspective.  Short coastal drainage systems formed from coastal 

mountain ranges, especially where the continental shelf is narrow, may be as isolated 

from each other, and from inland drainages, as oceanic islands are from the mainlands, 

creating similar levels of endemism.  However, if the proximity of isolated river systems 

means they have similar habitats and climate, as in the CFR, niche conservatism may 

produce cryptic diversity that has been overlooked.  An understanding of this process and 

pattern can therefore be used to discover other hotspots of cryptic endemism in 

freshwater fishes and, in a more targeted manner, chip away at the Linnaean shortfall. 

Such discoveries have already been made or anticipated in Oregon’s Coast Range.  

The coastal drainages from the Nestucca to the Rogue rivers harbor at least 8 species of 



 

 

309 

cyprinids with half of them endemic, but the actual numbers may be up to 11 species with 

9 endemics (Pfrender et al. 2004, McPhail and Taylor 2009, Kettratad and Markle 2010).  

Similar patterns in North America are to be looked for southward along the western 

coast, particularly from the Sierra Madre del Sur in Mexico (see (Zúñiga-Vega et al. 

2014) to the Sierra Madre de Chiapas in Guatemala, although the continental shelf 

widens in Guatemala.  In South America, short coastal rivers are sandwiched between a 

narrow continental shelf and the Andes.  While the morphology oriented taxonomy of 

most fishes in these streams has been worked out, such as with Pseudocurimata 

Fernàndez-Yépez 1948 in trans-Andean rivers (Vari 1989), the possibility of cryptic 

species should be considered.  Cryptic species within the catfish Trichomycterus 

areolatus Valenciennes 1846 have been detected in the coastal rivers of Chile (Unmack 

et al. 2009, Barber et al. 2011).  Much of the Atlantic coast of South America has a very 

wide continental shelf, which may reduce the isolation of coastal rivers, but the shelf 

narrows considerably between latitudes 6 and 15º S.  In addition to the CFR in Africa, 

geography suggests potential cryptic and endemic fishes may be found in the southeast 

along the Drakensberg Mountains in South Africa, on the east coast of southern Tanzania 

and northern Mozambique, and along the Gulf of Guinea in Liberia and Ivory Coast.  In 

Eurasia, promising areas include the coastal streams of the Eastern Ghats and Western 

Ghats in India, and the Annam Cordillera in Vietnam.  Finally, there has been active 

research in Australia that has revealed cryptic endemic fishes east and south of the Great 

Dividing Range among Nannoperca Günther 1861 Australian pygmy perches (Unmack et 

al. 2011, Unmack et al. 2013), Philypnodon Bleeker 1874 gudgeons (Thacker et al. 
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2008), Gadopsis Richardson 1848 blackfishes (Hammer et al. 2014), and Galaxiella 

McDowall 1978 galaxias (Unmack et al. 2012). 

This study also has significant conservation implications.  Locally, our revision 

adds to the number of threatened freshwater fishes in the CFR, particularly in the 

southwest.  In addition, the conservation value of the CFR as a hotspot of freshwater fish 

endemism is enhanced.  There is also a global impact if areas like those above are 

investigated for hidden endemic diversity because many coastal areas are already heavily 

impacted by human activities and any new species discovered may already be threatened.  

Our conclusions also suggest that coastal streams as hotspots of endemism should be 

assessed and accounted for in large-scale conservation strategies. 

 

FUTURE DIRECTIONS 

A continuation of this research could be focused on the three Sandelia species, the 

entire genus, other obligate freshwater taxa within the CFR, and other coastal river 

systems with similar biogeographic characteristics.  Most of the ecological, biological, 

and behavioral research on S. capensis sensu lato has been on Sandelia sp. [South Coast], 

particularly in the far east near SAIAB, so there is a need to conduct similar studies on 

Sandelia sp. [Klein River] and Sandelia sp. [West Coast].  Extensive surveys to 

accurately assess the conservation status of these fish and design and implement 

conservation plans is paramount.  A more fine-grained understanding of the 

biogeographical history of Sandelia in the CFR would be gained with a widespread but 

dense sampling strategy, similar to the localized effort of Chakona et al. (2013a).  

Morphological studies could examine the potential effect of a century or more of 
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predation and competition from introduced alien fishes by comparing the morphology of 

Sandelia in rivers with, and historically without, these invasive species.  Specifically, the 

study could look for evidence that alien fish predation has selected for faster, shallow-

bodied Sandelia individuals.  In addition, more concentrated local studies might tease 

apart the possible drivers, such as water pH and predation, of local morphological 

adaptation. 

Studies on the entire Sandelia genus could settle the question of whether the CFR 

species belong to the same genus as S. bainsii.  If not, then the three Sandelia species 

described herein would likely be moved to Smith’s Diacopoma.  An African anabantid 

study might shed light on the origin of Sandelia and explain the disjunct distribution it 

has with other African anabantids. 

Other cryptic species and their phylogeographic patterns have already been 

revealed in the CFR with Pseudobarbus Smith 1841 (Swartz et al. 2007, Swartz et al. 

2009), Galaxias Cuvier 1816  (Chakona et al. 2013), Potamonautes MacLeay 1838 

freshwater crabs (Phiri and Daniels 2014), and Mesamphisopus Nicholls 1943 isopods 

(Gouws et al. 2004, Gouws et al. 2010).  But there are a variety of other obligate 

freshwater organisms in the CFR that could also be studied and compared with the fishes, 

including endemic stoneflies, caddisflies, gastropods, and decapods (de Moor and Day 

2013).   

Finally, this research could be extended by conducting similar studies on primary 

freshwater fishes in similar coastal systems elsewhere in the world, as described above.  

If biogeography is the main focus, then ideally the system chosen should be as pristine as 

possible, especially without confounding instances of human translocation, or range 
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collapse, of the study species, as was the case for Sandelia.  If conservation is the 

priority, then attention should be directed at coastal regions already significantly 

impacted by human activities. 

Overall, my preference for extending this research centers on efforts that inform 

the conservation of Sandelia sp. [Klein River], Sandelia sp. [West Coast], and Sandelia 

sp. [South Coast], and contribute to addressing the Linnaean and Wallacean shortfalls yet 

remaining among the primary freshwater fishes of the world.  Losing them to extinction, 

to borrow a phrase from E. O. Wilson (1984), would be a folly our descendants are least 

likely to forgive. 
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