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ABSTRACT 
 

The early life history stages of most marine fish species are undescribed. The problem is, most of 

these fishes have pelagic larvae which are minute, delicate forms. Linking the larval stage to an 

adult counterpart is extremely challenging as larvae are morphologically different from the adults. 

Historically, larval fish identification relied solely on distinguishing morphological characteristics 

and meristic measurements, which has resulted in taxonomic confusion and misidentification. The 

introduction of the deoxyribonucleic acid (DNA) barcoding technique as an alternative approach 

has been successful in positively identifying larval fishes. The correct identification of larval 

specimens is the key to a better understanding of larval ecology, which underpins the success of any 

adult fish population. This study aimed to positively identify larval fishes of the south-east coast of 

South Africa using morphological characteristics and DNA barcoding. 

Larval and eggs specimens for this study were collected from the shallow nearshore waters of the 

south-east coast of South Africa. A total of 177 larval specimens were used for morphological 

analysis. Body shape, gut shape, pigmentation and morphometric measurements (such as body 

depth, preanal length and total body length) were used to identify each specimen to the family level. 

In addition, a fragment of mitochondrial cytochrome c oxidase subunit 1 gene (COI) was adopted 

for sequencing to identify larval fish specimens and fish eggs. Sequences generated from this study 

were compared to those in the Barcode of Life Database (BOLD). When there were no close matches 

to a sequence, the GenBank nucleic acid sequence database, maintained by the National Center for 

Biotechnology Information (NCBI), was used as an alternative. 

 

A total of 18 different families were identified through morphology. Seventy-seven of the 177 larval 

specimens were not subjected to morphological identification due to physical damage. The majority 

of larvae identified using morphological characteristics belonged to either the Sparidae, 

Tripterygiidae or Gobiesocidae fish families. Through DNA barcoding, 12 fish families, 16 genera 

and 18 different species were identified. Ten DNA barcodes (categorised as ‘no match’) from 10 

different larval specimens were not identified through any of the online databases. Therefore, the 

2% threshold value was used to identify members of the same species. The K2P genetic distance 

relationships were calculated among the no match sequences and downloaded probability matches 

from NCBI. This resulted in two unknown specimens assigned to the Blenniidae and Gobiidae. All 

other taxa were identified to species level, except specimens representing the Gobiidae and 

Tripterygiidae families. Based on the K2P genetic distances Gobiidae representatives were 

categorised as members of the Caffrogobius genus. 
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Twenty-eight barcodes represented specimens from the Tripterygiidae. DNA barcode data from 

COI was analysed using the standard phylogenetic procedures in MEGA6 to examine relationships 

and differentiation among sequences. These could not be identified to the lowest taxonomic rank 

due to limited sequence data to compare them with. The sequence data from these specimens gave 

different results in the two online databases. BOLD results were to family level (Tripterygiidae) and 

NCBI to the species level (Clinidae: Pavoclinus profundus). 

Results in this study confirmed the efficiency of the DNA barcoding technique in species level 

identification of fish larvae. The evidence from genetic barcodes of the Tripterygiidae specimens, 

supported by morphological characteristics, suggests the need for thorough research to identify the 

individuals to the species level. The fact that this study identified taxonomically problematic 

Gobiidae and Tripterygiidae specimens suggests that studies similar to this may highlight additional 

diversity and help to resolve the taxonomy of other species in these families. However, the lack of 

reference sequence data from the adult specimens, and especially those with cryptic diversity, were 

both shortcomings for the positive identification of larvae. With that being said, it shows the 

necessity for more research to be conducted on barcoding of larvae in general as to accommodate 

all kinds of species from biodiversity to economic perspectives. 
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CHAPTER ONE 
 

General Introduction 

 

1.1 Background to the study 

The primary task of taxonomy is to identify, delineate species, and to improve available information 

to further assign specimens to nominal species (Mallet & Willmott, 2003; Seberg et al., 2003; 

Godfray, 2007). A set of individuals or a population that has an ability to interbreed in the wild, 

leading to the production of offspring that have the capability to reproduce, and which are 

recognised in terms of physical differences, can be referred to as a biological species (Mayr, 2000). 

Nonetheless, taxonomists often disagree on a species’ status when the distinguishing physical 

differences are small or overlap (Pinceel et al., 2005; Horne et al., 2008). 

 

Different concepts have been proposed to provide guidelines in defining species of a particular taxon 

(Winston, 1999). In order to provide boundaries for species delineation and description however, 

one has to adopt either one or more of these species’ concepts (Aldhebiani, 2018). For example, the 

biological species concept emphasises reproductive isolation (Mayr, 1942; Coyne & Orr, 2004). 

Mayr (2000) defined biological species as the set of individuals or populations that interbreed in the 

wild, resulting in the production of offspring that also have the capacity to reproduce. The 

Ecological Species Concept highlights the occupation of a distinct niche or adaptive zone (Van 

Valen, 1976; Andersson, 1990), meaning organisms are adapted to the habitats they occupy and 

resources they exploit (Ridley, 2004). Only species that occupy satisfactorily different niches can 

coexist, however. Should their niche be similar or relatively so, the effective competitor could drive 

the lesser one to extinction (Ridley, 2004). The Evolutionary Species Concept is concerned with 

speciation (Bernardi, 2013). A species is defined as a single lineage that maintains its identity from 

other lineages with its own evolutionary tendencies (Wiley, 1978). The Evolutionary Species 

Concept does not focus on species as a class of ecological entities and, for that reason, the concept 

is capable of dealing with species as behavioural, phonetic, physiological, ecological, epigenetic, 

genetic, temporal and spatial entities (Coyne & Orr, 2004). The Phylogenetic Species Concept 

stresses that population lineages are different (Cracraft, 1983; Nixon & Wheeler, 1990) and 

monophyletic (Rosen, 1979; Donoghue, 1985). Species are defined as a group of organisms that are 

diagnosable and distinct (recognised by one or more diagnostic characters) and with a genealogical 

pattern of ancestry (Cracraft, 1983). In contrast to the above-mentioned definitions of species, most 
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taxonomists have adopted the Morphological Species Concept, which characterises a species by 

body shape and other structural features (Mayr, 1982). Dobzhansky (1950) included gene pool in 

the definition and defined a species as a community of individuals that can reproduce sexually, 

cross-fertilise and share the same gene pool. According to Cladridge et al. (1997), the 

Morphological Species Concept is not a concept, but rather, a method of description because the 

Morphological Species Concept does not treat species as historical entities that form lineages, 

meaning that a species definition will change as the species changes through time (Cladridge et al., 

1997). Although different species concepts have been recommended for larval fish delineation 

(Bowen et al., 2006; Overdyk et al., 2016), most have applied similar boundaries for species 

identification. Considering the various definitions of concepts, the Morphological Species Concept 

and the Phylogenetic Species Concept were adopted in the current study. 

 

The differences in morphological features are therefore used to determine whether a certain 

individual belongs to the same or a different species (Mayr, 1982). The Morphological Species 

Concept may lead to the recognition of new species when two or more phenotypes within a species 

are encountered. When morphologically similar species, or two populations that have recently 

evolved from a common ancestor, are encountered, the Morphological Species Concept could, 

however, be misleading (Ridley, 2004) because overlap in phenetic similarities in stages of 

development of clear cryptic taxa could result in incorrect identity (Hyde et al., 2005; Gleason & 

Burton, 2012). The Morphological Species Concept does not discriminate the species in 

reproductive terms as the biological species concept does, but the morphological inconsistences 

recognised among species do reflect the biological effects of isolation, common interbreeding and 

genetic divergence (Stuessy, 1972; Hull, 1970). 

 

On the other hand, the Phylogenetic Species Concept emphasises the study of stages in the 

evolutionary history of an organism (Mayden, 1997; Coyne & Orr, 2004). Cracraft (1983) defines 

a species as a group of organisms which are distinct and have a genealogical pattern of ancestry and 

descent. In the Phylogenetic Species Concept, one or more characters are used to distinguish distinct 

groups (Cracraft, 1989). The distinguishing characters can be morphological and/or molecular, that 

is, DNA sequences (Cracraft, 1989; Coyne & Orr, 2004). When morphological characters fail to 

delineate species, sequence-based analysis can be used (Zhang et al., 2013). Sequence-based 

analysis can be done by looking at the pairwise differences between all sequences of a barcode data 

set understudied, which involves observation of the gap between COI sequences. Based on the 

studies conducted prior the current study, the DNA barcoding gap is regarded as efficient when the 

COI sequences sampled within the same species are normally more alike than the ones extracted 
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from different species (Puillandre et al., 2011). However, a slight difference in colour, body shape, 

or change in a single nucleotide in the DNA sequence will result in a different species, tremendously 

and illogically escalating the number of species recognised (Coyne & Orr, 2004). 

 

Most marine fishes begin their lives as microscopic eggs, hatch as planktonic larvae, and then 

disperse in the water column (Moser et al., 1984; Leis, 1991; Greer et al., 2016). The planktonic 

larval stage increases the chances for long-distance dispersal (Riginos et al., 2011). The advantages 

of having a planktonic larval stage include the ability to easily colonise new habitats, a wide 

distribution of individuals, potential for increased population connectivity and the elimination of 

competition for food and space between larvae and conspecific adults (Sale, 1991; Strathmann et 

al., 2002). The time between hatching and full attainment of adult morphological features can take 

from several days or weeks to months, depending on the species (Webb, 1999). Defining the larval 

period in fishes is not straightforward and several definitions have been reported (Barrington, 1961; 

1968; Balon, 1979; 1981; 1986; 1990; 1999; Crawford & Balon, 1996; Urho, 2002; Penaz, 2001). 

The three clear, early life history stages of most fishes include the egg, larva, and juvenile (Moser 

& Ahlstrom, 1970; Kendall et al., 1984; Leis & Trnski, 1989), with the larval stage further 

subdivided into the yolk-sac, preflexion, flexion and postflexion stages (Kendall et al., 1984). 

 

The yolk-sac developmental stage commences with hatching, with the yolk-sac categorised as an 

embryonic organ that plays a vital role in nourishment of the larva after hatching (Leis & Carson-

Ewart, 2000; Urho, 2002). The preflexion stage starts once both hatching and yolk-sac absorption 

are complete and ends at the start of the upward flexion of the notochord (Kendall et al., 1984; Leis 

& Carson-Ewart, 2000). The flexion stage, which is when the notochord tip reaches its final position 

at a 45-degree angle from the notochord axis and the caudal fin rays form concurrently, is also 

associated with changes in body shape and feeding behaviour (Blaxter, 1986). Postflexion 

commences with the full completion of notochord flexion and is the beginning of the transformation 

to the juvenile stage (Leis & Carson-Ewart, 2000; Miller & Kendall, 2009). Such complex and 

variable larval phases are characterised by the presence of embryonic and/or specialised organs that 

are lost as development continues (Leis et al., 2015). 
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1.2 Statement of the problem 

Ichthyoplankton assemblages are typically composed of individuals belonging to multiple species, 

and studies assessing these groupings are used to evaluate habitat use and trophic ecology, amongst 

others (Boehlert & Mundy, 1993; Richardson et al., 2007). A taxonomic resolution of 

ichthyoplankton and identification to species level could further help in locating spawning areas 

(Govoni et al., 2003; Serafy et al., 2003), understanding the distribution of rare or cryptic species 

(Richardson & Cowen, 2004), and in estimating population size (Ralston et al., 2003). According 

to Simon and Lyons (1995), ichthyoplankton assemblages are important indicators of the state of 

health of aquatic ecosystems, as the pelagic larval stages regulate the dynamics of local populations 

and further influence the demographics of adjacent communities through immigration and 

emigration (Sale, 1991; Caley et al., 1996). A dispersive larval phase also implies that the offspring 

can settle in any habitat where conditions are suitable for development and final recruitment 

(Johnson, 2005), which may differ from the location of the original population (Sinclair, 1988; Jones 

et al., 2005; Almany et al., 2007). Due to this potential spatial variability in the occurrence of the 

different life stages, as well as the ontogenetic morphological changes during fish development 

(Kendall et al., 1984; Bingpeng et al., 2018), it is hard to track and match larvae to their 

corresponding adults (Hare et al., 1999, Pineda et al., 2007; Valdez-Moreno, 2010). 

 

Body shape, pigmentation, and morphometrics (measurements) are commonly used to identify a 

fish larva (Matarese et al., 2011; Ko et al., 2013; Azmir et al., 2017). Morphometric characters do, 

however, change as the larva develops from preflexion, through postflexion to the juvenile stage 

(Zhang & Hanner, 2011; Ko et al., 2013). In addition, larvae of marine fish species of certain fish 

families also have similar morphological characteristics with overlapping morphometric 

measurements (Victor, 2009). Therefore, species identification from egg to the larval stage can be 

challenging and time consuming (Neira et al., 2015). 

 

The DNA barcoding approach helps to distinguish similar looking species independently of 

developmental stage or physical condition (Hebert et al., 2003; Hubert et al., 2008). This approach 

has been used successfully in the positive identification of the early life history stages of marine 

fishes, such as eggs (Shao et al., 2002; Burrows et al., 2018), preflexion through to postflexion 

larval stages (Valdez-Moreno et al., 2010; Ko et al., 2013; Friedheim, 2016), as well as juveniles 

(Pegg et al., 2006; Gleason & Burton, 2012; Ardura et al., 2016). 
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1.3 Rationale/justification of the study 

The use of integrative taxonomy, or integrated concepts, is the best practice to combine a set of 

unifying properties within a concept for species identification in order to incorporate the 

mechanisms of speciation in nature (De-Queiroz, 2007). In cases where the morphological 

identification of biological species is impossible, DNA sequences of highly conserved genes can be 

used (Collin & Cruickshank, 2013). An alternative approach in species identification, DNA 

barcoding, has therefore become popular (Hebert et al., 2003) as a technique that could help resolve 

taxonomy. DNA barcoding is a well-recognised taxonomic method which makes use of a short 

standardised genetic marker to enable identification of specific species (Hebert et al., 2003; Packer 

et al., 2009). DNA barcoding also supports current taxonomic research by providing detailed 

information for identification of species in nature (Hajibabaei et al., 2007; Hebert et al., 2004; 

Saunders, 2005; Ward et al., 2005). 

1.4 Aims and Objectives 

The aim of the study was to classify and identify ichthyoplankton occurring in the nearshore of the 

south-east coast of South Africa. The main objectives were: (1) to use DNA barcoding combined 

with traditional morphological techniques to identify fish eggs and larvae and (2) using 

Tripterygiidae larvae as an example of the merits and demerits of morphological techniques and 

DNA barcoding. Chapter 1 of this study provides a broad overview of species identification based 

on different species’ concepts and the use of integrative taxonomy to describe the early life stages 

of fishes. Chapter 2 includes a detailed analysis of morphological identification and DNA barcoding 

of the ichthyoplankton collected from the south-east coast of South Africa. Difficulties associated 

with positive identification of the early life stages of fishes are further highlighted in Chapter 3, 

using an example of Tripterygiidae larvae which were identified to the family level using both the 

morphological and DNA barcoding approach. Chapter 4, the final chapter, provides an overall 

discussion with concluding remarks for this study. 
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CHAPTER TWO 

Identification of larval fishes from the south-east coast of South Africa 

using morphological and DNA barcoding techniques 
 

2.1 Introduction 

The South African coastline is characterised by a remarkably diverse marine environment (Jooste 

et al., 2018), due to its expansive length (~3650 km) and high degree of variability in oceanographic 

conditions and inshore habitats (Awad et al., 2002; Griffiths et al., 2010). In addition, the high 

marine species diversity is largely influenced by the fact that South Africa is located at the 

confluence of three oceans, namely the Indian, Atlantic and Southern Oceans (Griffiths et al., 2010). 

This also contributes to the high endemism and diversity in the fish species occurring in this coastal 

region (Turpie et al., 2000). 

 

The majority of marine fishes are broadcast spawners, meaning that eggs and sperm are released 

into the water column where fertilisation and development into pelagic ichthyoplankton occurs 

(Leis, 2015). The pelagic larvae are morphologically distinct from the fully-developed juvenile and 

adult stages, given that they lack morphological structures and features, such as scales and fins (Leis, 

1989; Kendall & Matarese, 1994; Webb, 1999). Similarly, fish eggs often lack diagnostic 

morphological characteristics (Shao et al., 2002). Additionally, larvae frequently present specialised 

organs for pelagic existence which are lost as development proceeds (Leis & Carson-Ewart, 2000; 

Leis, 2015). Due to the small size of fish eggs and larvae, the characteristics useful for 

morphological identification can only be observed under a stereoscopic microscope (Shao et al., 

2002). Furthermore, fish larvae undergo rapid morphological and pigmentary changes through their 

development (Leis, 2015), and show geographic and individual variability (Baldwin, 2013). These 

factors make morphological identification of fish eggs and larvae very difficult. 

 

Based on studies between 1900 and the early 2000s, taxonomic descriptions and identification of 

fish eggs and larvae were mostly (and exclusively for South Africa) based on morphological 

characteristics (Brownell, 1979; Connell, 2010). Early stages in ontogeny are difficult to identify 

because of a lack of distinguishing characters that allow a distinct separation to species, especially 

those that are closely related (Turgeon et al., 1999). Overlapping morphological characteristics at 

the family level also increase chances of species identification errors (Overdyk et al., 2016). Another 

challenge for egg and larval morphological identification is their fragile state; eggs and larvae are 
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often badly damaged during sampling and fixation, which may result in a loss of key diagnostic 

features, such as pigmentation patterns and morphometric characterstics (Valdez-Moreno et al., 

2010). 

 

The lack of experienced and trained people in the morphological identification of fish eggs and 

larvae has been noted as one of the main causes of misidentification of fish larvae (Ko et al., 2013; 

Puncher et al., 2015). As an example, several researchers from five different laboratories in Taiwan 

were tasked with identifying fish larvae based on morphological characters (Ko et al., 2013). The 

results indicated an accuracy of ~80% for identification at the family level, half of that (~40%) was 

observed at the genus level and only ~10% accuracy was observed at the species level (Ko et al., 

2013). This shows how difficult it is to identify larvae to the species level. Advancements in 

knowledge and technology, such as molecular techniques, have, however, resulted in improved 

taxonomic identification of fish eggs and larvae (Ko et al., 2013). There is a need therefore, for 

molecular genetic approaches to support the traditional morphological techniques to resolve larval 

fish species identification (Zhang & Hanner, 2012; Friedheim, 2016). 

 

Molecular DNA barcoding involves examining a short gene sequence of DNA that can be used for 

identification, irrespective of the developmental stage or somatic damage, provided that the DNA 

can be successfully extracted from the sample for PCR amplification (Hubert et al., 2008). A 

fragment of the cytochrome c oxidase subunit I (COI) mitochondrial gene region is commonly used 

for DNA barcoding and the identification of species (Pegg et al., 2006; Valdez-Moreno et al., 2010; 

Ko et al., 2013). DNA barcoding has emerged as an effective method for identification when 

morphological identification is problematic (Hebert et al., 2003) and especially when the 

morphological characters are insufficient to separate two individuals (Becker et al., 2015, 

Friedheim, 2016). Molecular DNA barcoding has been used broadly in the identification of fish 

eggs and larvae in southern Africa (Ardura et al., 2016; Steinke et al., 2016; Ockhuis et al., 2017) 

and South Africa (Steinke et al., 2016; Connell, 2012). There are, however, very few studies (e.g., 

Ko et al., 2013; Becker et al., 2015; Puncher et al., 2015; Friedheim, 2016; Hulley et al., 2018) that 

have compared the effectiveness and efficiency of DNA barcoding and morphological identification 

techniques. 

 

Correct identification of fish eggs and larvae is important, as misidentification can lead to 

misinterpretation of the biology and ecology of a fish species (Powles & Markle, 1984). This 

misidentification also includes misunderstanding larval fish biodiversity and incorrect information 

on the early life history of fishes, such as spawning, hatching, dispersal, and the use of nursery areas 
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(Hutching et al., 2002). Ultimately, taxonomic uncertainty of early life history stages might result 

in biased stock assessments and poor fisheries management measures (Armstrong et al., 2001; Fox 

et al., 2005). Hence, it is necessary to also use molecular genetic techniques to authenticate uncertain 

morphological larval identifications. 

 

The aim of this study is to increase taxonomic resolution in identifying the early life history stages 

of fishes occurring in the shallow nearshore of the Eastern Cape, South Africa. The objective of this 

study is to provide the effective and the best approach in species identification of fish larvae 

occurring in the shallow nearshore of the Eastern Cape by combining morphological techniques and 

DNA barcoding. The hypothesis was that, the identification of fish larvae would be more accurate 

using both traditional morphological characters and DNA barcoding. 

  



9 
 

2.2 Materials and Methods 

2.2.1 Field work 

 

Samples for this study were obtained from collections performed in 2016 during the African 

Coelacanth Ecosystem Programme (ACEP) project, “Pathways of larval dispersal: the roles of 

alongshore and cross shore transport”. Samples were collected from the shallow nearshore region 

from Kini Bay (34° 06' 3.32" S, 25° 36' 35.78" E), in the west, to Kenton-on-Sea (33° 37' 7.19" S, 

26° 52' 19.19" E), in the east, Eastern Cape, South Africa (Figure 2.1). The sampling stations were 

situated 900 m – 2.5 km from the shore, at depths ranging from the surface to 50 m. Samples were 

collected using a bongo net. The bongo net consisted of a pair of plankton nets each with a total 

length of 2.5 m and canvas cod-ends. Each net had a diameter of 52 cm and a mesh size of 500 μm. 

A General Oceanics Incorporated flowmeter was suspended at the centre of the opening of each 

plankton net to calculate the volume of seawater that filtered through the net. The bongo net was 

hauled through the water at two different depths (surface and bottom) using the research vessel, 

uKwabelana [National Research Foundation – South African Institute for Aquatic Biodiversity 

(NRF-SAIAB)], at a speed of ~2 knots for 3 minutes. Plankton samples were stored on site in 250 ml 

jars and preserved using absolute ethanol (99.9%). A total number of 226 plankton samples were 

collected during the operation from which 440 fish specimens were sorted, which included 411 fish 

larvae and 29 eggs. 
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Figure 2.1: Sampling stations (marked with black dots) within the shallow nearshore region of the 

Eastern Cape along the south-east coast of South Africa. 

 

2.2.2 Laboratory work 

 

Fish larvae were removed from the plankton samples at the NRF-SAIAB laboratory and sorted 

under a Leica Zoom 2000™ model z45v compound microscope. Unique identification numbers, 

starting with the acronym FBIP (Foundational Biodiversity Information Programme), were assigned 

to each larval fish specimen. Specimens were individually preserved in absolute ethanol in a 1.5 ml 

Eppendorf tube. Photographs of each specimen were captured using an Olympus SZX16 model 

SZX2-ILLT stereo microscope with a built-in U-TVIXC camera, at the Electron Microscope Unit 

(EMU) at Rhodes University, Grahamstown, South Africa. 

 

2.2.3 Morphological identification 

 

Morphological identification was done using some of the main characteristics for identification of 

fish larvae. Those characteristics included body shape, gut shape, pigmentation, presence/lack of a 

gas bladder and head spination (Leis & Carson-Ewart, 2000). The morphometric measurements 

(Figure 2.2) of each larval fish specimen were taken to the nearest 0.1 mm using Stream Motion 

software. Larval specimens were identified to family level following Neira et al. (1998) and Leis & 
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Carson-Ewart (2000); to the genus level using www.fisheggsandlarvae.com (Connell 2007), and 

where possible, to the species level using Mwaluma et al. (2014) and Strydom et al. (2015). Eggs 

were not identified morphologically as they become cloudy immediately after being preserved in 

ethanol (Murphy & Willis, 1996; Burrows et al., 2018). 

 

 

 

 

 

 

 

Figure 2.2: An example of the morphometric measurements collected during morphological 

identification based on photograph of a Soleidae larva. BD = body depth, PAL = preanal length 

and TL = total body length. 

 

2.2.4 DNA extraction, PCR amplification and sequencing 

 

All genetic analyses were carried out at the NRF-SAIAB Aquatic Genomics Research Platform, 

Grahamstown, South Africa. DNA was extracted from each specimen using a “salting out” genomic 

DNA purification protocol (Sunnucks & Hales, 1996). All larval and egg specimens were very small 

(<5 mm), so the entire specimen was used for the DNA extraction. A NanoDrop 1000 

spectrophotometer (Thermo Scientific, USA) was used to measure the concentration and quality of 

the DNA extracts. 

A fragment of the mitochondrial cytochrome c oxidase subunit 1 gene (COI) was amplified using 

polymerase chain reaction (PCR), with the forward primer VF2t1 and the reverse primer VR1t1 

(Ivanova et al., 2007). Each PCR amplification was performed in a total volume of 20 µl, with the 

following constituents: 10 µl of ReadyMix Taq (KapaTaq: Kapa Biosystems, South Africa); 4 µl of 

molecular graded water; 0.5 µl of each of the forward and reverse primers (10 µM); and 2 or 5 µl 

of DNA template. When the DNA concentration was less than 100 ng/µl, 5 µl of DNA template was 

used in the amplification, and 2 µl of DNA was used for extracts above 100 ng/µl. The PCR thermal 

conditions followed those of Overdyk et al. (2016), with alterations in denaturation and annealing 

temperatures, which were 95°C for 1 minute and 48°C for 40 seconds, respectively. 

BD 

PAL 

TL 

http://www.fisheggsandlarvae.com/
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The degenerate universal metazoan primers dgHCO2198 (10µM) and dgLCO1490 (10µM) (Meyer, 

2003) were used to amplify samples that were not successfully amplified using the primers above. 

The PCR reaction volumes were the same as those described above. The thermal cycling regime 

comprised an initial denaturing at 95°C for 2 minutes, followed by 35 cycles of denaturing at 95°C 

for 30 seconds, annealing at 48°C for 40 seconds and an extension at 72°C for 1 minute, followed 

by the final extension at 72°C for 10 minutes. In all of the amplifications, a negative control (without 

DNA template) was used to rule out contamination. The PCR products were electrophoresed in a 

1% agarose gel stained with ethidium bromide (0.05 µg/ml) and observed under ultraviolet (UV) 

light to verify the amplification of a product and to check for contamination. A 100 bp molecular 

ladder was used to verify the size of the amplification band. The presence of a band of the desired 

size (600–1000 bp) in individual samples and a lack of bands in the negative control signified a 

successful amplification. The amplified samples were then purified using an Exonuclease 1-Shrimp 

Alkaline Phosphatase (ExoSap10; Thermofisher Scientific, USA) protocol (Werle et al., 1994). 

Purified samples were sequenced using the BigDye Version 3.1 Cycle Sequencing Kit (Applied 

Biosystems, USA), following the manufacturer’s instructions. The products were then precipitated 

using an ethanol-EDTA precipitation method (Sambrook & Russell, 2001). After precipitation, the 

products were re-suspended in Hi-Di™ Formamide (Applied Biosystems, USA) and analysed on 

an ABI-Hitachi Genetic Analyser 3500 (Applied Biosystems, USA) at the NRF-SAIAB. 

2.2.5 Data Analysis 

 

All sequences were observed in Chromas Lite v.2.1 (Technylesium Pty, Ltd) to verify the quality of 

sequences. Sequences were edited manually using SeqMan Pro (DNASTAR® Lasergene® 7.2). 

The Barcode of Life Data System (BOLD) (Ratnasingham & Hebert, 2007; 

https://www.boldsystems.org/) was used for the comparison of sequences and species identification. 

The standard nucleotide Basic Local Alignment Search Tool (BLAST) 

(https://www.ncbi.nlm.nih.gov/) (Altschul et al., 1990) on the National Center for Biotechnology 

Information (NCBI) database (GenBank) was used as an alternative database tool (Friedheim, 2016) 

when there was no sequence match in the BOLD database, and for those specimens that were not 

identified to genus or species level. Some inconsistencies in the results, such as the same sequences 

being assigned to a different species when comparing the sequences through BLAST searches in 

NCBI and searches on BOLD, were encountered. GenBank does not conform to the same data 

principles that were implemented when BOLD was created (Puncher et al., 2015), such as linking 

the DNA barcoding to a voucher specimen in the form of a photograph. In light of the potential 

issues raised above, sequences from the NCBI database were therefore used with caution. The 

https://www.ncbi.nlm.nih.gov/
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specimen designations to the family, genus and species levels for BOLD comparison were 

considered positive when the probability values were >97% (Meyer & Paulay, 2005). Sequences 

identified to the family level or with no results after comparing the generated data on BOLD were 

categorised as unknowns/ no match. 

Accessible and closely matching sequences from the BOLD database were downloaded, and the 

closest matching sequences from the NCBI database were extracted for those specimens that could 

not be matched to any species on BOLD. These were aligned, together with the sequences obtained 

for this study, using MEGA software version 6.0 (Kumar et al., 2013). Kimura two-parameter 

(Kimura, 1980) sequence divergences were calculated among the sequences generated in this study 

and the sequences downloaded from BOLD and NCBI. The K2P model was used to estimate the 

evolutionary distances in fish barcoding studies (Ward et al., 2005; Ward, 2009; Zhang & Hanner, 

2012; Ko et al., 2013; Ardura et al., 2016), which enables comparison of the results and sequence 

divergences to other studies. To identify the unknown (no match) sequences in this study, the 

divergence thresholds proposed by Hebert et al. (2004) were applied. A barcoding study based on 

marine fish (Ward et al., 2005) established different ranges in sequence divergences that categorise 

individuals of the same species. A threshold divergence of not more than 2 % characterises members 

of the same species, and a genetic distance falling beyond 2 % but within 3-8 % was considered as 

representative of the same genus (Ward et al., 2005). Sequences differentiated by longer branch 

lengths and K2P distances between 10-20% shows that the unknown larvae belong to a different 

genus, but possibly the same family. This was done to investigate the levels of variation among the 

unknown larval samples and the matching sequences from the online data bases. A neighbor-joining 

tree (Saitou & Nei, 1987) was reconstructed in MEGA to provide a graphic representation of the 

pattern of divergence between different samples. A maximum likelihood tree was also reconstructed 

on MEGA to explain the evolutionary history among the sequences of the vouchered species from 

the BOLD database that are commonly found on the south-east coast and that are representatives of 

the individuals identified in this study; and the sequences, and the unidentified barcodes. One 

thousand bootstrap replicates were used to assess the level of support of each clade (Felsenstein, 

1985). 
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2.3 Results 

2.3.1 Morphological identification 

 

The preflexion larval development stage dominated (98%) the collection of 411 larvae. For this 

specific study, a subsample of 177 larval specimens were used for morphological analysis, with the 

remainder retained for a separate ecological project. Out of the total 177 larval specimens, 100 

(56.5%) were identified to the family level based on morphology due to limited identification keys 

of fish larvae within South African waters. These 100 morphologically-identified specimens 

represented 18 different fish families (Table 2.1). Specimens from the Sparidae fish family 

dominated the collection (n=24), followed by the Tripterygiidae (n=19) and then Gobiesocidae 

(n=15). The remaining fish families were represented by fewer than 10 specimens each (Table 2.1). 

The remaining 77 (44.5%) larvae of the total 177 specimens, could not be identified since they were 

damaged and the key features for morphological identification were lost (Figure 2.3). These were 

barcoded, however. 

 

 

 

 

 

Figure 2.3: Examples of damaged fish larvae that could not be morphologically identified, but 

were used for DNA barcoding. 
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Table 2.1: Total number of specimens collected and identified to family level using morphometric 

characters. 

Family 
No. of 

specimens 

Body length 

range (mm) 

Body depth 

range(mm) 

Preanal 

length 

range 

(mm) 

Ambassidae 2 4.3-6.3 1.1-2.2 2.3-3.7 

Blenniidae 2 5.3-5.8 1.3-2.3 2.3-2.0 

Callanthiidae 2 6.4-10.9 1.9-2.9 3.3-5.2 

Callionymidae 4 2.8-3.6 1.0-1.4 2.1-2.4 

Centrolophidae 3 4.3-7.1 0.9-1.9 2.4-3.9 

Cynoglossidae 3 6.9-1.3 1.1-3.5 2.5-5.1 

Gobiesocidae 15 2.7-1.5 0.7-1.7 1.2-4.3 

Gobiidae 5 3.1-4.6 0.7-1.1 1.5-2.0 

Phycidae 1 8.6 2.8 5.2 

Samaridae 3 2.9-4.3 0.6-1.4 0.8-1.5 

Scorpaenidae 2 3.3-7.5 0.9-3.2 1.8-5.1 

Soleidae 8 3.3-11.1 0.7-5.1 1.5-5.2 

Sparidae 24 3.4-7.1 0.9-2.9 1.2-1.9 

Syngnathidae 4 11.2-17.9 0.9-1.3 5.2-7.9 

Terapontidae 1 6.9 1.7 2.9 

Tetraodontidae 1 5.8 1.9 4.1 

Triglidae 1 7.5 2.0 3.8 

Tripterygiidae 19 3.4-1.2 0.7-3.0 1.5-5.0 

 

2.3.2 Molecular identification 

 

A total of 177 larvae and 17 fish eggs were used for DNA barcoding. Of the total 194 larval and egg 

specimens from which DNA was extracted, 116 larval specimens and 15 eggs failed to amplify by 

PCR with both primer sets. COI sequences were thus obtained for 61 larval specimens and two fish 

eggs. Twelve fish families, 16 genera and 18 different species were identified through DNA 

barcoding (Table 2.2). Ten larval sequences could not be matched to species level with any sequence 

on the BOLD or NCBI online reference libraries. Twenty-eight of the total barcoded specimens are 

excluded from this chapter, but are discussed further in Chapter 3. 
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Six Sparidae and five Callionymidae sequences were identified to species level with a similarity 

match of >98% on the BOLD database. Only one sequence of each of the Carangidae, 

Cheilodactylidae, Dussumieriidae, Engraulidae, Gobiidae and Haemulidae were identified to 

species level. 

Table 2.2: Sequence match for successfully amplified egg and larval specimens. The range of 

similarity match (%) for each species is showed for BOLD and NCBI databases. Number of 

specimens indicated in brackets. 

    BOLD 

Similarity (%) 

NCBI 

Family DNA barcoding ID  Similarity (%) 

Blenniidae* Blenniidae sp  nm (1) 96.89 

Blenniidae Parablennius pilicornis 98 - 99.5 - 

Blenniidae* Parablennius cornutus nm (1) 93.99 

Callionymidae Paracallionymus costatus 99.5 – 99.7 - 

Callionymidae Callionymus marleyi 98.6 – 99.1 - 

Callionymidae* Callionymus marleyi nm (1) 94.29 

Carangidae Trachurus trachurus 98.4 - 

Centrolophidae* Hyperoglyphe japonica nm (2) 80.50 – 82.26 

Cheilodactylidae Cheilodactylus pixi 99.4 - 

Dussumieriidae Etrumeus whiteheadi 99.8 - 

Engraulidae Engraulis encrasicolus 99.4 - 

Gobiidae Caffrogobius natalensis 99.7 - 

Gobiidae* nm 98 (3) - 

Haemulidae Pomadasys striatus 100 - 

Samaridae Samariscus triocellatus 98.7 – 99.5 - 

Soleidae Austroglossus pectoralis 97.1 - 97.3 - 

Sparidae* Diplodus sargus  nm (2) 94.29 – 96.99 

Sparidae Diplodus capensis 99.6 - 100 - 

Sparidae Pagellus natalensis 98.6 - 

Sparidae Porcostoma dentate 100 - 

Sparidae Pterogymnus laniarius 100 - 
*indicate sequences with no match and family level identification. Numerical values in brackets under BOLD similarity values 
column indicate number of sequences. 

 

Of the ten sequences (as shown in Table 2.2) from different larval specimens where no match to the 

species level could be found, six were severely damaged and could not be identified using 

morphology. Four were identified as belonging to the families Soleidae, Gobiidae, Callionymidae 

and Blenniidae (Figure 2.4A, B, C, D, respectively), using traditional morphological techniques. 

Also, the GenBank close matches were below the probability percentage value adopted for this 

study. 
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Figure 2.4: Photographs of specimens with successful sequences that failed to find matches on the 

BOLD online platform and were identified through morphological characteristics. (A) Soleidae 

(FBIP0143); (B) Gobiidae (FBIP0087); (C) Callionymidae (FBIP0365) and (D) Blenniidae 

(FBIP0398). 

 

The sequences that were obtained in this study were used in combination with the barcode data 

downloaded from BOLD and NCBI to construct a neighbor-joining (NJ) tree (Figure 2.5) for a 

graphic representation of the distance relationships among the sequences. The high bootstrap 

support, indicated on the nodes, supports the species identification for those larval specimens that 

could be identified through DNA barcoding. 

 

 

 

 

 

 

 

 

 

 

 

D A C B 



18 
 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2.5: Neighbor-joining tree of the COI sequences showing the divergence patterns and 

distance relationships between sequences. Bootstrap values are represented by the number at the 

nodes. Black sample names represent the species names for larval samples of the current study. 

Red sample names represent unpublished sequence data from BOLD. Blue sample names are 

extracted from public data on BOLD. Green samples are the probability matches to from NCBI. 

Samples without a closest match on BOLD and NCBI are presented as FBIP number. 

 

 JF492930.1|Austroglossus pectoralis|South Africa| 
 DSFSF209-09|Austroglossus pectolaris |South Africa| 
 ANGBF7141-12|Austroglossus pectoralis |South Africa| 

 Austroglossus pectoralis 
 Austroglossus pectoralis 

 Austroglossus pectoralis 
 Trachurus trachurus 

 NAFES416-15|Trachurus trachurus 
 Caffrogobius natalensis 
 HQ909450.1|Caffrogobius saldanha |Indo-Pacific| 
 SAIAD570-12|Gobiidae|South Africa|Western Cape| 
 SAIAB090-06|Caffrogobius natalensis |South Africa|KwaZulu-Natal| 

 FBIP0364  
 FBIP0144  
  FBIP0087  

 KU499825.1|Diplodus sargus |Saudi Arabia| 
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  DSLAR038-08|Etrumeus whiteheadi |South Africa|KwaZulu-Natal| 

 KF489578.1Engraulis japonicus|South Africa|KwaZulu-Natal 
 TZSAL535-13|Engraulis australis |South Africa|KwaZulu-Natal| 

 Engraulis australis 
 HQ945840.1|Parablennius cornutus|South Africa|KwaZulu-Natal| 

 KU176376.1|Blenniidae sp|South Africa 
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Figure 2.6: Maximum likelihood phylogenetic tree of the COI sequences showing the divergence 

patterns and distance relationships between sequences. Bootstrap values are represented by the 

number at the nodes. Black sample names represent the unidentified specimens of the current 

study. Red sample names represent a bony fish sequence data from BOLD. Green sample names 

represent the sequences of fish species found in South Africa. 

 

All of the sequences from the unmatched larval specimens remained unidentified to the species 

level, probably because of the incomplete reference database. Therefore, the GenBank database was 

used to download sequences that were similar to the unknowns (Table 2.3). 

 

 

 FBIP0144 

 FBIP0364 

 FBIP0087 

 SAIAB094-06|Caffrogobius gilchristi|South 

Africa|Eastern Cape|  DSFSG387-10|Hyperoglyphe 

pringlei|South Africa|  DSFSE170-07|Etrumeus 

whiteheadi|South Africa|  DSFSE864-08|Sphyrna 

lewini|South Africa|  DSFSE012-07|Cheilodactylus 

fasciatus|SouthAfrica |  TZMSC532-06|Pomadasys commersonnii|South 

Africa|KwaZulu-Natal |  SAIAB233-06|Rhabdosargus holubi|South 

Africa|Eastern Cape|  DSFSF210-09|Austroglossus pectoralis|South 

Africa|Western Cape|  TZMSC108-05|Lichia amia|South 

Africa|KwaZulu-Natal|  DSFSE583-08|Helcogramma 

rharhabe|South Africa|  FBIP0120 
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costatus|South Africa|  FBIP0143 

 FBIP0474 

 FBIP0464 

 FBIP0398 
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Table 2.3: Sequences without closest match, together with those identified to family level on 

BOLD. Column two indicates the similarity values from GenBank. 

 

Genetic distances were calculated among the unknown larval sequences and the closest matches 

from NCBI. A K2P distance range of 0.05 to 0.63 was revealed between the unknown sequences 

and all NCBI close matches (Table 2.4). The lowest genetic distance of 0.05 was between one of 

the unidentified larval specimens (FBIP0120) and the combtooth blenny Parablennius pilicornis 

(Blenniidae). A 0.24 K2P distance was revealed between FBIP0143 and a Hypereglyphe japonica 

(Centrolophidae) sequence. 

Unknown 

Sequences 

GenBank 

(%) Species 

Accession 

numbers Authors 

FBIP0087 92.82 Caffrogobius saldanha HQ909450.1 Thacker et al. 2011 

FBIP0120  96.89 Blennidae sp. KU176376.1 Steinke et al. 2016 

FBIP0144 92.20 Caffrogobius saldanha HQ909450.1 Thacker et al. 2011 

FBIP0143 82.26 Hypereglyphe japonica AB205436.1 Yanagimoto & Kobayashi, 2012 

FBIP0464 94.29 Diplodus sargus KU499825.1 Rabaoui et al.2016 

FBIP0364 93.07 Caffrogobius saldanha HQ909450.1 Thacker et al. 2011 

FBIP0380 80.50 Hypereglyphe japonica AB205436.1 Yanagimoto & Kobayashi, 2012 

FBIP0398 93.99 Parablennius cornutus HQ945840.1 Steinke et al. 2016 

FBIP0474 96.99 Diplodus sargus KU499654.1 Rabaoui et al.2016 

FBIP0365 94.29 Callionymus marleyi JF493006.1 Steinke et al. 2016 
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Table 2.4: K2P genetic distances among the close matches and the sequences categorised as unknowns. The lowest genetic distance between 

FBIP0120 and Blenniidae sp.is highlighted in bold. 

 

 

 

 

 

 

 

  Sequences 1 2 3 4 5 6 7 8 9 10 11 12 

1 Hypereglyphe japonica (AB205436.1)             

2 Parablennius cornutus (HQ945840.1) 0.22            

3 Callionymus marleyi (JF493006.1) 0.22 0.22           

4 Blenniidae sp. (KU176376.1) 0.17 0.15 0.21          

5 Diplodus sargus (KU499654.1) 0.18 0.18 0.22 0.19         

6 Diplodus sargus (KU499825.1) 0.18 0.18 0.22 0.19 0.01        

7 FBIP0120 0.22 0.19 0.25 0.05 0.22 0.22       

8 FBIP0143 0.24 0.28 0.27 0.26 0.27 0.27 0.25      

9 FBIP0464 0.66 0.64 0.64 0.63 0.63 0.64 0.62 0.63     

10 FBIP0380 0.65 0.65 0.63 0.64 0.64 0.64 0.63 0.62 0.25    

11 FBIP0398 0.64 0.64 0.65 0.63 0.64 0.64 0.63 0.62 0.24 0.27   

12 FBIP0474 0.65 0.64 0.63 0.63 0.64 0.64 0.62 0.62 0.06 0.24 0.22  

13 FBIP0365 0.64 0.64 0.61 0.63 0.63 0.63 0.62 0.61 0.25 0.24 0.25 0.23 
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Between FBIP0364 and the Gobiidae sequences, there was a 0.09 distance; also FBIP0144 and 

FBIP0087 showed genetic distances of 0.12 and 0.13, respectively, to Caffrogobius saldanha 

(Gobiidae) (Table 2.5). The remaining five sequences showed a genetic distance range of 0.63 to 

0.64 compared to all other sequences. 

DNA barcoding failed to resolve the taxonomy of three specimens of the Gobiidae and these were 

only identified to the family level (Table 2.2). The K2P genetic distances among sequence data 

generated from this study and from both BOLD (Caffrogobius natalensis) and NCBI (Caffrogobius 

saldanha) ranged from 0.08 to 0.23 (Table 2.5). The genetic distance values between the three 

reference sequences and the larval fish samples from this study ranged from 0.09 and 0.17. 

 

Table 2.5: K2P values between Gobiidae species sourced from BOLD and NCBI, together with 

the larval sequences derived from this study. The lowest and highest genetic distances among 

sequences are highlighted in bold. 

   Sequences/Species 1 2 3 4 5 6 

1 Caffrogobius saldanha (HQ909450.1) 
      

2 FBIP0364 0.10 
     

3 FBIP0140 0.17 0.17 
    

4 FBIP0144 0.12 0.08 0.18 
   

5 FBIP0087 0.14 0.12 0.23 0.11 
  

6 Gobiidae (SAIAB570-12) 0.01 0.09 0.15 0.11 0.13 
 

7 Caffrogobius natalensis (SAIAB090-06) 0.01 0.10 0.15 0.11 0.13 0.01 
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Table 2.6: Photographs and identifications of individual specimens, based on traditional 

morphology and DNA barcoding techniques. 

Sample ID Specimen photo ID  Morphological ID DNA barcoding ID 

FBIP0375 

 

 

Blenniidae 

 

Failed PCR 

FBIP0118 

 

 

Blenniidae 

 

Engraulidae 

(Engraulis australis) 

FBIP0398 

 

 

Blenniidae 

 

Successful sequence, 

No match on 

databases 

FBIP0417 

 

 

Blenniidae 

 

Sparidae (Diplodus 

sargus) 

FBIP0431 

 

 

Callionymidae 

 

Callionymidae 

(Paracallionymus 

costatus) 
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FBIP0432 

 

 

Callionymidae 

 

Callionymidae 

(Paracallionymus 

costatus) 

FBIP0449 

 

 

Callionymidae 

 

Callionymidae 

(Callionymus marleyi) 

FBIP0516 

 

 

Callionymidae 

 

Callionymidae 

(Paracallionymus 

costatus) 

FBIP0518 

 

 

Callionymidae 

 

Callionymidae 

(Callionymus marleyi) 

FBIP0365 

 

 

Callionymidae 

 

Successful sequence, 

No match on 

databases 

FBIP0431 

 

 

Callionymidae 

 

Callionymidae 

(Paracallionymus 

costatus) 

FBIP0280 

 

 

Carangidae 

 

Carangidae 

(Trachurus trachurus) 
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FBIP0433 

 

 

Centrolophidae 

 

Failed PCR  

FBIP0109 

 

 

Cynoglossidae 

 

Failed PCR 

 

 

FBIP0139 

 

 

Cynoglossidae 

 

Soleidae 

(Austroglossus 

pectoralis) 

FBIP0234 

 

 

Cynoglossidae 

 

Failed PCR  

FBIP0115 

 

 

Engraulidae 

 

Blenniidae 

(Parablennius 

pilicornis) 

 

FBIP0458 

 

 

Gobiesocidae 

 

Cheilodactylidae 

(Cheilodactylus pixi) 



26 
 

FBIP0227 

 

 

Gobiesocidae  

 

Failed PCR 

 

FBIP0087 

 

 

Gobiidae  

 

Gobiidae 

FBIP0082 

 

 

Not identified 

 

Dussumieriidae 

(Etrumeus whiteheadi) 

FBIP0405 

 

 

Not identified 

 

Haemulidae 

(Pomadasys striatus) 

FBIP0115 

 

 

Not identified 

(suspected to be 

Engraulidae spp.) 

 

Blenniidae 

(Parablennius 

pilicornis) 

FBIP0380 

 

 

Not identified  

 

Successful sequence, 

No match on 

databases 
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FBIP0480 

 

 

Not identified  

 

Sparidae (Porcostoma 

dentata) 

FBIP0464 

 

 

Not identified 

 

Successful sequence, 

No match on 

databases 

FBIP0474 

 

 

Not identified 

 

Successful sequence, 

No match on 

databases 

FBIP0144 

 

 

Not identified 

(suspected to be a 

Gobiidae spp.) 

 

Gobiidae 

FBIP0273 

 

 

Phycidae 

 

Failed PCR 

FBIP0283 

 

 

Scorpaenidae 

 

Failed PCR 
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FBIP0078 

 

 

Soleidae 

 

Samaridae 

(Samariscus 

triocellatus) 

FBIP0098 

 

 

Soleidae 

(Austroglosssus) 

 

Soleidae 

(Austroglossus 

pectoralis) 

FBIP0103 

 

 

Soleidae 

 

Samaridae 

(Samariscus 

triocellatus) 

FBIP0111 

 

 

Soleidae 

 

Soleidae 

(Austroglossus 

pectoralis) 

FBIP0143 

 

 

Soleidae 

 

Successful sequence, 

No match on 

databases 

FBIP0214 

 

 

Soleidae (Solea 

turbynei) 

 

Failed PCR 

FBIP0413 

 

 

Sparidae 

 

Sparidae 

(Pterogymnus 

laniarius) 
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FBIP0267 

 

 

Sparidae 

 

Failed at PCR 

 

 

FBIP0222 

 

 

Sparidae  

 

Failed at PCR 

 

 

FBIP0338 

 

 

Syngnathidae  

 

Failed PCR 

FBIP0491 

 

 

Tetraodontiformes  

 

Failed PCR 

 

 

FBIP0278 

 

 

Triglidae  

 

Failed PCR 

FBIP0120 

 

 

Tripterygiidae  

 

Successful sequence, 

No match on 

databases 
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2.3 Discussion 

The results from this study revealed that DNA barcoding can be used as a tool to identify larval 

fish specimens to the species level. Almost 80% of the sequences generated successfully in this 

study were identified to species level through COI barcodes. This falls within the same region as 

several studies that have been conducted using the DNA barcoding approach to investigate 

ichthyoplankton assemblages in various marine habitats worldwide (Pegg et al., 2006; Valdez-

Moreno et al., 2010; Ko et al., 2013; Friedheim, 2016; Ardura et al., 2016). Recently, Steinke et 

al. (2016) used this approach to link adults and immature individuals (both larvae and juveniles) 

of South African marine fishes along the KwaZulu-Natal coast. The present study, however, 

provides the first report of the taxonomic composition of ichthyoplankton assemblages from the 

shallow nearshore waters along the Eastern Cape coast, South Africa, using DNA barcoding. 

 

DNA-established identification cannot be done without the contribution and expertise of 

taxonomists who identify type specimens from which the reference sequences can be attained 

(Hebert et al., 2003; Hebert & Gregory 2005; Coyne & Orr, 2004). Identifying a larval specimen 

using morphological characters can be inconsistent among taxonomists (Ko et al., 2013; Neira 

et al., 2015; Azmir et al., 2017). This inconsistency can result from different levels of expertise 

in larval fish identification (Ko et al., 2013). A prime example of misidentification includes the 

commercially important Atlantic Bluefin tuna (Scomberidae: Thunnus thynnus), where larvae 

collected from the Mediterranean Sea were misidentified by the crew of these larval surveys 

(Puncher et al., 2015). Although phenotypic characteristics can be misleading at times, 

experience is imperative in taxonomy, especially when dealing with specimens that are 

morphologically similar (Zhang & Hanner, 2011; Friedheim, 2016). Morphological 

misidentification can also be caused by limited available references for identification of larvae 

(Azmir et al., 2017), and this is particularly true in South Africa. The preflexion larval 

developmental stage dominated (98%) the larval fish assemblage in the present study. 

Misidentification of preflexion larvae to the species level is highly likely because preflexion 

larvae present ontogenetic features in body shape that may lead to a single specimen being 

assigned to different groups (Leis & Carson-Ewart, 2000). Secondly, preflexion larvae often lack 

obvious diagnostic characteristics (Ko et al., 2013), such as spines and pigmentation, used for 

morphological identification. As such, morphological misidentifications of these very early stage 

larvae have been documented in various fish families (Leis & Carson-Ewart, 2000). 

 

The preflexion larval stages of benthic reef-associated species of the Blenniidae and Gobiidae 

families also dominated the catch in the present study. Similar catches of larval fishes in coastal 



31 
 

systems, comparable to the one targeted in the current study, were observed in the temperate 

nearshore of Portugal, where Blenniidae and Gobiidae encompassed 76% of larvae caught 

(Beladae et al., 2006). The Blennioid families are generally difficult to identify using 

morphological characteristics (Ko et al., 2013), due to the small size and the cryptic forms of the 

adults, with the early life history stages understudied (Leis, 2015). 

 

Preflexion larvae from the Soleidae, Cynoglossidae and Engraulidae were also positively 

identified through morphology in the present study. The above-mentioned families also 

contribute to the nearshore larval collections in the Algoa Bay region and are found in abundance 

during the summer months (Beckley, 1986). Soles are pelagic spawners, some with potentially 

complex spawning migrations and early life history strategies, but the ecology and description 

of early life history stages is not fully elucidated for southern African species (Strydom et al., 

2015). 

 

Morphological identification in the present study misidentified a preflexion Soleidae larva, 

which was then confirmed as a Samaridae larva through DNA barcoding. The Soleidae (true 

soles) and Samaridae (crested flounders) families belong to the same order, the 

Pleuronectiformes. The orders Pleuronectiformes and Blenniiformes each consist of species that 

are similar in appearance, to the point that the boundaries between families within each remain 

unresolved; however, these groups are said to be monophyletic (Berendzen & Dimmick, 2002; 

Lin & Hastings, 2013). Incomplete taxon sampling can also be the reason why blenniiform larvae 

could not be identified to the lowest taxonomic level through DNA barcoding (Leis & Carson-

Ewart, 2000). Furthermore, difficulties in differentiating the larvae of the families through 

morphology alone were due to similarities such as the protruding gut (Leis & Carson-Ewart, 

2000; Sasaki & Uyeda, 2002), moderate pigmentation, and similar body shape in their preflexion 

larval stages (Strydom et al., 2015). 

 

Samariscus triocellatus, identified by DNA barcoding in this study, is the only reef-dwelling 

species in the Samaridae family, but it is also found in shallow waters (Alfonso, 2001). The 

adults and juveniles of soleids and samarids are known to occur in coastal habitats of southern 

African waters (Smith & Heemstra, 2003). The ecology and description of the early life history 

stages are, however, not explained fully (Strydom et al., 2015). The larval development has been 

described for only nine of the 56 species of the Pleuronectiformes from southern African waters 

(Wood, 2000; Thompson et al., 2007), and none from the Samaridae family. 
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From the current study, larval fish specimens were assigned to 18 families through the traditional 

morphological technique. The number of families identified successfully was, however, reduced 

to 11 after comparing the DNA sequences on the databases, thereby confirming five families 

(Blenniidae, Callionymidae, Gobiidae, Soleidae and Sparidae) that were determined 

morphologically. Azmir et al. (2017) identified 177 larval fish samples from Malaysia, based on 

morphological characteristics as representatives of 19 different families; however, after DNA 

barcoding, only 11 families were identified. 

Only one specimen from the Soleidae was positively identified to genus (Austroglossus), but not 

to species level, using morphology. DNA barcoding of this Austroglossus specimen led to the 

species level identification of individual FBIP0098 (Table 2.6). Low identification rates of early 

life history stage of fishes using morphological identification to the genus level were also 

reported by Shao et al. (2002) and Azmir et al. (2017). This common trend shows that specimens 

identified through morphology can potentially be matched to various species. DNA barcoding 

can, however, be effective enough to identify eggs or larvae to the species level. Ko et al. (2013) 

also revealed that only two out of 100 specimens that were identified to species level through the 

morphological approach were validated as correct by DNA barcoding. According to Ko et al. 

(2013), the accuracy of larval fish specimens identified to the species level using only 

morphological characters is far lower than those identified using DNA barcoding. 

The Sparidae fish family is represented by 42 species in southern Africa, of which 50% are 

endemic (Smith, 1965). Sparid larvae mostly dominate the catch in bays on the south-eastern 

coast of South Africa (Strydom, 2008). The larval descriptions of most of these species are, 

however, not available, including those for Porcostoma dentata (Gilchrist & Thompson 1908) 

and Pterogymnus laniarius (Valenciennes 1830), which were positively identified by DNA 

barcoding in this study. Larvae of the sparid, Diplodus sargus, which were positively identified 

in this study, are commonly found as adults in habitats like the one under investigation (Beckley 

1986). Diplodus sargus is a species that aggregates in groups (about eight to fifteen individuals) 

of both males and females in the near-surface shallow water to simultaneously release sperm and 

eggs in the water column (Richardson et al., 2011). Although spawning in sparids occurs inshore 

(Connell, 2012), preflexion larvae are commonly found in the shallow nearshore (Pattrick & 

Strydom, 2008). Juveniles of this species maintain a very nearshore distribution as they are 

commonly found in tidal pools and also in the surf zone adjacent to sandy beaches (Lasiak, 1981). 

The inability to positively identify seven unknown specimens using DNA barcoding was a result 

of sequences from those species being absent on the BOLD online database. Ko et al. (2013) 

also noted that the COI database on BOLD is incomplete, especially for the families that are 
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difficult to identify and of those that are not of economic importance. Overall, positive 

identifications obtained from DNA barcoding showed a high probability percentage (>97%) on 

the BOLD database, suggesting that the specimens identified belong to that exact species or 

genus on the database. 

The incomplete taxonomic coverage in the DNA reference databases (Dettai et al., 2011) remains 

a major impediment for accurately identifying fish larvae to species level (Ardura et al., 2016). 

Three of the ten specimens with no sequence match were identified morphologically and 

included species from the Soleidae, Callionymidae and Blenniidae families. Those three 

specimens could not be validated through the COI sequences; however, these individuals are 

morphologically similar to the ones positively identified to species level as Austroglossus 

pectoralis, Callionymidae marleyi and Parablennius pilicornis by DNA barcoding. One of the 

major problems for DNA barcoding with COI is that it is unable to differentiate species if there 

is little variation between them (Mier et al., 2006). Basically, in order for DNA barcoding to be 

able to identify the species, the interspecific sequence variation has to be higher than the 

intraspecific variation in the gene region (Ward et al., 2005; Meyer & Paulay, 2005). According 

to Avise (2000) divergences between similar species are normally rarely greater 2% and most 

are less than 1%. 

Investigations based on the K2P values revealed that FBIP0120 is a representative of the 

Blennidae, with 0.05 genetic distance, which confirms the morphological identification. Also, 

FBIP0364 had a genetic divergence of 0.09 to the Gobiidae sequence, which falls within Avise’s 

(2000) 2% threshold reported above, indicating that these are members of the same species. 

Additionally, the other two goby sequences (FBIP0144 and FBIP0087) had a genetic distance 

range of 0.12 to 0.13 from the reference data (Table 2.5), which is not different from other 

studies. The above-mentioned genetic distances between these sequences is not far from the 

patterns detected in fish barcoding studies. For example, the K2P genetic values among 

individuals of the same species of Australian fishes ranged from 0.39 – 14.08% (Ward et al., 

2005) and the within-species range for Argentine marine fishes was 0 – 12.83% (Mabragana et 

al., 2011). The unknown larval specimens from southern Africa with genetic divergence that 

falls within the 2% threshold were characterised as the conspecifics (Ockhuis et al., 2017) 

Unknown sample number FBIP0143 with a genetic distance of 0.24 from the downloaded 

reference data shows that the specimen is more likely to be a representative of the Centrolophidae 

family. Nonetheless, larger genetic divergence values were revealed among sequences of the 

unknown specimens and the reference data. For the sequences to show divergence, it means that 

the individual specimens belong to different categories in higher taxonomic levels, for example, 
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family. Hebert et al. (2003) reported that divergences increase with taxonomic level, meaning 

the generic level will be lower than familial or ordinal level. Also, sequence divergences are 

considerable larger among species than within species (Hebert et al. 2004). 

Genetically, each individual fish specimen or species is unique, meaning no genomic data are 

identical to one another (Hebert et al., 2003; Friedheim, 2016) which is why species level 

identification is made easy by DNA barcoding. In this study, morphological identification of 

larval specimens FBIP0115; FBIP0417 and FBIP0118 (Figure 2.5) contradicts the DNA 

barcoding results. There are many reasons for the above-mentioned results: most of DNA 

barcodes with which the sequence data from the larval specimens were compared were generated 

from field identified specimens (Swartz et al., 2008). Also, some of the specimens were not 

removed from their natural habitats, but a photograph and a fin clip, or small tissue sample was 

taken from the individuals for DNA barcoding (Jaafar et al., 2012, Weigt et al., 2012). 

Additionally, a very small amount of DNA is used in barcoding; therefore, there are high chances 

of contamination (Karaiskou et al., 2007; Friedheim, 2016; Bingpeng et al., 2018). Even though, 

ideally, a contaminated sample would not pass PCR stage and the sequence will not be accurate 

enough to get positive identification, when working with large number of samples, mixing of 

labelling could cause a mismatch in species identification. Mismatch between the morphological 

and DNA barcoding has been documented in larval fishes, where the species level identification 

between NCBI and BOLD would show contradictory information about a particular species 

name, but similar geographic region at which it is found, or the other way around (Friedheim, 

2016). This highlights the need for a stronger rulebook for sequences that are deposited on the 

online databases to decrease inconsistencies associated with human error. 

The mismatch between the morphological and DNA barcoding approach once more indicates 

the gaps that still need be filled in terms of additional sequences to be added and robustly 

documented on the online databases. Another possible drawback in the DNA barcoding 

procedure, especially with the COI gene, is the amplification of the imperfect copies of the 

functional gene, referred to as pseudogenes (Brownell et al., 1979; Smith et al., 2007), which 

obstructs the positive identification of specimens (Song et al., 2008; Buhay, 2009). Rare 

pseudogenes are mostly identified in fishes because they contain the stop codons (Venkatesh et 

al., 2006). BOLD has a function responsible for identifying and flagging sequences that contain 

such pseudogenes when uploaded unintentionally (Becker et al., 2010). Nevertheless, species 

identification cannot always be resolved by only one technique. Hence, it is once again 

recommended that, especially for ichthyoplankton, both DNA barcoding and morphological 

techniques should be used for species identification to avoid biases and errors in the process (Ko 

et al., 2013; Puncher et al., 2015). A broad database of COI sequences (Meyer & Paulay, 2005), 
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supported with identified voucher specimens, reference material such as photographs, good 

drawings and corresponding adult vouchers has the potential to further change the circumstances 

(Steinke et al., 2016) and resolve larval fish identification. 

DNA barcoding of fish eggs and larvae has provided positive identification and accurately 

confirmed the presence of the early life stages of particular species within a geographical coastal 

area. The adults that are known to occur in this geographical area were well represented by the 

identified larval species, for example the sparids, gobiids and blenniids (Beckley, 1986). 

Information from this study could be used by biologists to further define spawning areas and to 

study fish population dynamics (Burrows et al., 2018). 

In conclusion, the present study revealed that positive and successful identification of fish larvae 

using the traditional morphological approach was largely possible only to family level. 

Nevertheless, DNA barcoding proved to be a fast and reliable method for species level 

identification, but this approach also has methodological limitations that still need to be 

addressed for larval barcoding (Ko et al., 2013; Harada et al., 2015). For example, small-bodied 

benthic species, such as goby species (Whitfield, 1998), which are an important component of 

the fish biomass (Jennings et al., 2002) and the food web, and play an important role in estuarine 

ecology, were identified only to family level. A comprehensive reference library is especially 

warranted for cryptic and ecologically important species which may not be important from a 

commercial or recreational fishery perspective. For example, some of these species, although not 

iconic, are essential to maintain the functioning and connectivity of coastal ecosystems 

(Strydom, 2003; 2008). 
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CHAPTER THREE 

The use of DNA barcoding for the identification of the early life history 

stages of a cryptic benthic fish species 
 

3.1 Introduction 

Taxonomy is the study of discovering, describing, identifying and categorising organisms (Winston, 

1999). Taxonomic identification of marine fish eggs and larvae is often complex due to the paucity 

of reference material available (Shao et al., 2002; Ko et al., 2013; Puncher et al, 2015), but also 

because of the biology and mechanisms of larval growth. Larval fishes often bear little resemblance 

to the adults (Leis, 1991), and both (fish eggs and larvae) are not just minute in size, they also have 

limited morphological development (Richardson et al., 2006; Webb et al., 2006) all making it hard 

to link the early developmental stages to the adults. The obvious morphological differences between 

adults and early life stages include the lack of morphological features that are found in adults, such 

as scales, pigment and even fins (Wilbur, 1980; Leis & Carson-Ewart, 2000; Leis, 2015). From a 

taxonomic point of view, positive identification of the early life history stages of fishes is 

challenging, due to overlapping meristic measurements among species, shared morphological 

similarities among different taxa, change in morphological characteristics during early 

development, and a lack of experienced identifiers (Richardson et al., 2007; Ko et al., 2013; Azmir 

et al., 2017; John et al., 2018; Sachithanandam & Mohan, 2018). 

In South Africa, it is estimated that about 25% of all endemic fish species are undescribed, mainly 

because of the size of the fish (von der Heyden, 2011). Small-bodied (<10 cm) marine species are 

cryptic and inhabit regions that are difficult to sample (Zapata & Robertsons, 2007). Families such 

as the Blennidae, Gobiidae and Tripterygiidae (with species that are endemic to South Africa) are 

among the most abundant and speciose families found in temperate coral reefs (Paulin & Roberts, 

1992; Randall et al., 1997). Longenecker & Langston (2005) acknowledge that the early life history 

developmental stages of small, benthic fishes, especially the Tripterygiidae species, are mostly 

unidentified and undescribed. Also, it is likely that these fishes have remained undescribed because 

they are not significant food or ornamental species (Mace, 2004; Victor, 2013) or because of limited 

research interest in small-bodied species (Brook et al., 2006). From an ecological perspective, 

small-bodied fishes from the nearshore environment (shore to 50 m depth) are most likely to be 

undescribed (von der Heyden, 2011) because small fishes mature at younger ages, have a shorter 

lifespan (Marrett et al., 1991; Payne & Punt, 1995; Moranta et al., 2007) and have benthic spawning 

as a reproductive strategy (a characteristic that involves parental care of eggs) so as to enhance the 
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survival of the offspring (Munday & Jones, 1998; Hendry et al., 2001). Evidence from local guide 

books of South Africa’s marine fauna (Smith & Heemstra, 2003; Heemstra & Heemstra, 2004; 

Zsilavecz, 2005) suggests that there is a high species richness and endemism. A hindrance in marine 

and coastal taxonomic progress is, however, blatantly obvious in South Africa, due to limited staff 

and project funding (Klopper et al., 2002). Additionally, small-sized fishes that occupy shallow 

areas (especially those in the subtropical and tropical waters on the east coast) are subjected to 

under-sampling (von der Heyden, 2011). 

Notwithstanding the pioneering work of Allan Connell in raising and identifying fish eggs and 

larvae from South African waters (fisheggsandlarvae.com), larval descriptions for almost all coastal 

fish species in South Africa are still lacking (Swartz et al., 2008). Larval fish taxonomy has 

however, increased exponentially worldwide in recent years, fuelled by the increasing movement 

towards molecular techniques, including DNA barcoding, to identify species (Friedheim, 2016; 

Azmir et al., 2017; Bingpeng et al., 2018; Hulley et al., 2018; Overdyk et al., 2016). This research 

remains, however, in its infancy in South Africa. 

Despite the obvious gaps in knowledge of cryptic, small benthic fishes, current information suggests 

that these communities of fishes have the ability to make a significant and substantial contribution 

to reef ecosystems (Ackerman & Bellwood, 2002). The contribution of these communities to trophic 

pathways is largely defined by their consumption of micro-crustaceans and their status as prey items 

for larger reef fishes (Depczynski & Bellwood, 2003). In addition, these small fishes have a role in 

utilising detritus as a major dietary component in trophic pathways (Wilson, 2000). 

The Blennioid fishes are a suborder of the perciform teleosts, which, as adults, are small, show 

cryptic behaviour with sedentary habits (Thompson, 1983), and are difficult to identify (Syms, 

1995). Blennioids comprise six families, 151 genera and 883 species of tropical and warm temperate 

fishes worldwide (Hastings & Springer, 2009). Presently, the six families that are recognised 

include the Clinidae (clinid kelpfish), Labrisomidae (labrisomid kelpfish), Chaenopsidae (tube 

blennies), Tripterygiidae (triplefin blennies), Blenniidae (combtooth blennies) and Dactyloscopidae 

(sand stargazers) (Springer, 1998). The tripterygiids and blenniids are distributed worldwide, while 

the Clinidae are restricted to the temperate regions and the remaining three families are neotropical 

(Stepien et al., 1993; Hastings, 2009). The taxonomic relationships of the tripterygiid group and all 

other Blennioid fishes at the highest levels remain poorly resolved (Lin & Hastings, 2013). 

The Tripterygiidae comprise bottom-dwelling Blennioid fishes, commonly found along cold, 

temperate, tropical and subtropical shores (Fricke, 2009; Nelson et al. 2016) throughout the 

Atlantic, Indian and Pacific Oceans (Stepien et al., 1997). Fishes from this group are understudied, 
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especially when it comes to their taxonomic classification (Fricke, 1994; Holleman, 2005; Victor, 

2015). Most triplefin fishes establish a very small territory of about 1–2 m² in which all feeding and 

breeding occur all year round, and recruits occupy the same habitat as conspecific adults 

(Thompson, 1983). Species of the Tripterygiidae family prey on various invertebrates, especially 

crustaceans (Feary, 2001; Langlois et al., 2005). Triplefins mostly occupy and adapt to specialised 

conditions such as turbid waters (Harris et al., 1999), feed on small invertebrates and therefore may 

positively or negatively affect algal growth (Wheeler, 1985; Allen & Robertson, 1994). Most of the 

tripterygiids appear to be habitat responders (Jones & Andrew, 1993), with their abundance and 

distribution typically associated with physical and biological characteristics of the reef substratum 

(Greenfield & Johnson, 1990; Hofrichter & Patzner, 2000). Above all, the Tripterygiidae fishes are 

the most numerically dominant and speciose group among the blennioids that occupy intertidal and 

shallow subtidal temperate coral reefs in New Zealand (Paulin & Roberts, 1992; Chesson, 2000; 

Munday, 2004). 

Investigations into the ecology of triplefins have mainly focused on single species within the 

intertidal zone (Willis & Roberts, 1996; Beckley, 2000). Studies on the larval fishes in South 

African nearshore waters reveal that preflexion larval fish specimens from the Tripterygiidae are 

commonly found (Harris et al., 1999; Harris et al., 2001; Pattrick & Strydom, 2008). Harris et al. 

(1999) reported a 16% contribution of an unidentified Tripterygiidae larva in the nearshore coastal 

waters off St Lucia Estuary, KwaZulu-Natal. Furthermore, this fish family contributed 2% towards 

the total larval fish catch in the shallow nearshore of Algoa Bay, Eastern Cape (Pattrick & Strydom, 

2008). 

During the current research, a common preflexion larva from shallow nearshore larval fish surveys 

within the Eastern Cape, South Africa was identified through traditional morphological techniques 

as a species from the Tripterygiidae family (Leis & Carson-Ewart, 2000). DNA barcoding was used 

to validate the morphological identification. A fragment of the cytochrome c oxidase subunit 1 

(COI) gene, a well-studied gene region for larval fish species identification (Ko et al., 2013; 

Friedheim, 2016), was sequenced. Another mitochondrial marker, 16S rRNA, was also used 

(Aoyama et al., 2001; Karaiskou et al., 2007; Lelievre et al., 2012, Ockhuis et al., 2017). The main 

reason for using only mitochondrial DNA during the present study was because the samples 

contained a very low concentration of DNA template, and the mitochondrial DNA has a low 

resistance to deterioration compared to nuclear DNA (Karaiskou et al., 2007; Scwarz et al., 2009). 

The DNA molecule is small in size, circular in structure, protected by a cellular compartment of the 

mitochondrion and has a high nucleotide substitution rate, which makes it more suitable to use in 

species identification (Aoyama et al., 2001; Karaiskou et al., 2007; Lelievre et al., 2012). 
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Mitochondrial genes are thus ideal as DNA barcodes (Saccone et al., 1999). On account of the high 

diversity of the larvae of cryptic species observed in larval fish catches in the shallow nearshore of 

the Eastern Cape, therefore, the main aim of this study was to use DNA barcoding was to clarify 

the morphological identification of the egg and larval specimens of the Tripterygiidae family to 

species level. 
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3.2 Material and Methods 

The specimens forming the basis of this chapter were collected from the same study area, using the 

same collection, sorting and morphological analytical techniques as described in Chapter 2. 

3.2.1 DNA extraction, PCR amplification and sequencing 

 

In the laboratory, DNA extraction from one fish egg and 30 larval specimens followed the same 

protocol as Chapter 2. Polymerase chain reaction (PCR) for COI was carried out using the primer 

pair HCO2198 and LCO1490 (Folmer et al., 1994), both at 10 µM concentration. The PCR reaction 

contained 10 µl of Ready Mix Taq, 4 µl of molecular grade water; 0.5 µl of each forward and 

reverse primers, and 5 µl of DNA template. The PCR thermal cycling regime comprised an initial 

denaturing at 95°C for 2 minutes, followed by 35 cycles of denaturing at 95°C for 1 minute, 

annealing at 50°C for 1 minute and extension at 72°C for 1 minute, followed by a final extension at 

72°C for 7 minutes. 

In addition, a fragment of the 16S rRNA mtDNA marker was amplified, using 10 µM 16Sar and 

16Sbr universal primers (Palumbi, 1996). The PCR thermal cycling profile for 16S rRNA was as 

follows: an initial denaturation at 94°C for 5 minutes, followed by 30 cycles of denaturation at 94°C 

for 30 seconds, annealing at 48°C for 30 seconds and extension at 72°C for 45 seconds; then final 

extension was at 72°C for 10 minutes. After electrophoresis, PCR products were visualised under 

ultraviolet light on 1% agarose gel, stained with ethidium bromide. Indication of a single band 

showed a successful amplification. The amplified samples were purified and sequenced in the same 

way as described in Chapter 2. 

3.2.2 Sequence alignment and analysis 

 

Both COI and 16S sequences were observed separately in Chromas Pro v.2.1.0 (Technylesium Pty 

Ltd) to verify quality after sequencing. SeqMan Pro (DNASTAR® Lasergene® 7.2) was used to 

edit trace files and to correct possible base ambiguities prior to assembling contigs for alignment. 

ClustalX version 2 (Larkin et al., 2007) was used for final alignment of the sequences. For the 

comparison of sequences to identify the species, the Barcode of Life Data System (BOLD) 

(Ratnasingham & Hebert, 2007; https://www.boldsystems.org/) was used for the COI fragment 

only. COI and 16S sequences were both compared on the National Center for Biotechnology 

Information (NCBI) database using the standard nucleotide Basic Local Alignment Search Tool 

(BLAST) (https://www.ncbi.nlm.nih.gov/) (Altschul et al., 1990). 

 

https://www.ncbi.nlm.nih.gov/
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3.2.3 Phylogenetic analysis 

 

Molecular Evolutionary Genetics Analysis (MEGA) software version 6.0 (Kumar et al., 2012) was 

used to analyse the sequence data. A Kimura two-parameter (K2P) model (Kimura, 1980), 

implemented in MEGA version 6.0 (Tamura et al., 2013) was used to calculate the genetic distance 

between sequences. The K2P model is widely used in barcoding studies and is regarded as being 

reliable in estimating evolutionary distances between sequences (Ward, 2009; Randall & Victor, 

2013; Tamura et al., 2013; Puncher et al., 2015). Its use here allowed better comparison of the 

results and sequence divergences with previous studies. 

The genetic relationships between the sequences of 28 Tripterygiidae larval specimens generated in 

this study, three Tripterygiidae larvae (FLIL013-14; FLIL063-14; FLIL089-14) downloaded from 

BOLD, and one adult Clinidae (HQ168634.1) from the GenBank databases were assessed. The 

assessment was conducted by constructing a neighbour-joining (NJ) tree (Saitou & Nei, 1987), 

using K2P divergences for the COI sequences. The bootstrap analysis (Felsenstein, 1985), with 

1000 replicates, was performed to test the statistical support at the nodes. The values for the 

bootstrap analysis are indicated as percentages, where a value equal to or larger than 70% equates 

to a probability of 0.95 or significance at p< 0.05 support for the clade (Hillis & Bull, 1993). 
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3.3 Results 

3.3.1 COI sequences 

 

A total of 30 larval specimens was identified using a traditional morphological approach as 

belonging to the Tripterygiidae family. Of the 31 specimens (including one egg), 28 DNA extracts 

were successfully amplified for the COI to confirm the morphological identification. The total 

lengths of the 28 sequences for the COI fragment were between 550 and 680 nucleotides. As a result 

of the differences in sequence lengths, all 28 of the DNA sequences of the COI gene region were 

compared with data on BOLD. For 26 sequences, a probability match of 99 – 100% was found to 

sequences from Tripterygiidae larvae on BOLD (Table 3.1). The other two, FBIP0396 and 

FBIP0152, had 91% and 95% matches, respectively, to the tripterygiid sequences in BOLD. 

GenBank was used as an alternative online database for both COI and 16S sequences to search for 

a possible match using a BLAST search (as in Chapter 2). All 28 COI sequences were identified to 

species level, with 99% similarity to a sequence indicated as being derived from Pavoclinus 

profundus (Family Clinidae) (Table 3.1). An unexpected challenge was presented when this 

Pavoclinus profundus sequence from GenBank (accession number HQ168634.1), published by Lin 

and Hastings (2013), was downloaded and compared to BOLD. Surprisingly, this P. profundus 

sequence was assigned the same Barcode Index Number [BIN, which is the BOLD’s unpublished 

interim taxonomic and identification system (Ratnasingham & Hebert, 2013)], BIN AAX1770, as 

species from the order Blenniiformes, family Tripterygiidae. The sequences of the three larval 

specimens, FLIL013-14; FLIL063-14; FLIL089-14 (Table 3.1), from the above-mentioned BIN 

were collected in 2013 at Port Elizabeth, South Africa, photographed and identified by Dr Paula 

Pattrick. 

Table 3.1: Top matching sequences for the COI gene fragment from BOLD and NCBI databases. 

BOLD Process ID Sequence match (%) 

 FLIL089-14 – Tripterygiidae 99 -100 

 FLIL063-14 – Tripterygiidae 99 -100 

 FLIL013-14 – Tripterygiidae 99 -100 

NCBI Accession no. 
 

HQ168634.1 - Pavoclinus profundus  99 

  
K2P genetic distances were calculated among the COI sequences generated for this chapter and 

those from the online databases (Table 3.2). A neighbor-joining tree was constructed using K2P 

distance values to provide a graphic presentation of distances between sequences (Figure 3.1). 
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Sequences generated in this study grouped well with data from BOLD (FLIL-sequences), and the 

GenBank sequence (Pavoclinus profundus). FBIP0152, one of the 28 sequences generated for this 

study, had genetic distances that ranged between 0.04 and 0.09 to all the sequences comparisons; 

as a result it was slightly differentiated on the phylogenetic tree. 

3.3.2 16S sequences 

 

Twenty-six of the 31 DNA extracts were also successfully PCR amplified for the 16S gene 

fragment. The length for the 26 obtained 16S rRNA gene region sequences was 586 nucleotides. 

Sequences obtained from the 16S rRNA gene region matched with a 93.49 – 97.63% similarity to 

Blennophis anguillaris (Family Clinidae) on GenBank (Table 3.2). The similarity value in most of 

these comparisons was less than the threshold value of 97% adopted for species identification based 

on COI in this study (Meyer & Paulay, 2005; Meier et al., 2006). Although the 16S gene is highly 

conserved (Stackebrandt & Rainey, 1995; Gurtler & Stanisich, 1996), using a fixed threshold cannot 

reliably identify species (Schloss, 2010) and these comparisons are not likely to represent 

conspecific comparisons and accurate species identification. Thus, 16S sequences were not used for 

further analysis, such as the construction of a neighbor-joining tree. 

 

 



44 
 

Table 3.2: K2P genetic distances between sequences from BOLD (Tripterygiidae), GenBank (P. profundus) and the unidentified specimens 

calculated in MEGA based on COI sequences. 
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Figure 3.1: Neighbor-joining tree based on K2P genetic distances of the COI sequences for an 

egg and larval fishes (in black) as well as accessioned sequences of Tripterygiidae larvae from 

BOLD (in green) and a Clinidae adult from GenBank (in red). The scale bar represents 0.05 

sequence divergence. 
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3.4 Discussion 

The taxonomy of the early life history stages of the triplefin blennies is among the least-studied 

of the blennioides (Robertson, 1994; Nelson, 1994; Springer, 1998). Using morphological 

techniques, larval specimens from the present study were identified as those from the 

Tripterygiidae family. Morphological characters were however, not sufficient to resolve the 

identification beyond the family level. Blenniiformes generally contribute substantially towards 

larval fish catches both locally and internationally (Harris & Cyrus, 1999; Sabatés et al., 2003; 

Beldade et al., 2006). Tripterygiid larvae have been identified in ichthyoplankton studies in 

temperate nearshore regions in the Mediterranean with Tripterygion tripternotus dominating 

spring and summer catches (Sabatés et al., 2003). Likewise, in nearshore Australian waters, 

Tripterygiidae dominated the larval catches (Gray, 1993). Tripterygiidae larvae have also been 

found in abundance in the nearshore coastal waters off the St Lucia Estuary, South Africa, but 

specimens were also not identified beyond the family level (Harris, et al., 1999). In the same 

coastal nearshore region as the current study, Tripterygiidae larvae contributed 2% towards the 

total catch (Pattrick & Strydom, 2008). 

Eggs and larvae of different species in the Blenniiformes are morphologically identical, which 

makes it difficult to classify them to genus, let alone the species level (Shao et al., 2002; Duke 

et al., 2018). Also, not all species that are genetically different exhibit distinguishing 

morphological characters, but they can, however, be identified through molecular analysis (von 

der Heyden et al., 2011). For example, the preflexion larval stages of Sparidae without 

recognisable diagnostic characters are easily misidentified as Scorpaenidae, Scombridae, 

Haemulidae and Terapontidae using morphological techniques (Ko et al., 2013). Also, a 

specialised knowledge of early life history stages is the minimum requirement for traditional 

morphological identification (Ko et al., 2013; Overdyk et al., 2016). 

 

In the present study, the morphological identification of unknown preflexion larval specimens 

as species from the Tripterygiidae were confirmed through DNA barcoding. The specimens 

could, however, not be identified to the lowest taxonomic level using both the morphological 

identification and the DNA barcodes. Although the taxonomic representation of sequences in the 

BOLD reference database is not easy to evaluate for large geographic regions because of 

inaccuracy in identification, cryptic species diversity and incomplete species lists, small-bodied 

blennioides still have a lower taxonomic coverage than large-bodied families (Victor et al., 

2015). There has been an effort to barcode small-bodied reef-associated fishes found in the Indo-

Pacific, including regions like French Polynesia (Hubert et al., 2012), the South China Sea 
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(Zhang et al., 2012), Queensland (Australia) and Bali (Indonesia) (Ward et al., 2005) as well as 

southern Africa (Swartz et al., 2008). Molecular investigations using the mitochondrial genes 

(COI, 16S and 12S) have been conducted on the phylogeny of adult triplefins; however, these 

studies were constrained by regional and taxon sampling (Geertjes et al., 2001; Carreras-

Carbonell et al., 2005; Hickey & Clements, 2005). The popularity of DNA barcodes as a primary 

identification tool and as a highly efficient marker has resulted in the development of a large 

database for the COI mitochondrial gene fragment (Ward et al., 2009). Nonetheless, not all 

existing species are documented on the database. 

The NJ phylogenetic tree, derived from a fragment of the COI mitochondrial gene, strongly 

suggests that one of the sequences generated from this study could be of the same genus, but of 

a different species. The highest K2P genetic distance of 0.09 was between sequences FBIP0152 

and FBIP0396, which suggests an interspecific comparison. An interspecific genetic distance of 

0.073 has been reported among deep sea species of the genus Chelidoperca (Family: Serranidae) 

from Indian Ocean waters (Bineesh et al., 2015). The latter value is similar to, or not too far 

from, the K2P interspecific genetic distances reported for other marine fishes using COI. An 

interspecific genetic distance of less than 5% was described within specimens of the same genus 

by Zhang and Hanner (2012). Also, a 6.50% K2P distances within genera was reported in fish 

species of the Taiwan Strait (Bingpeng et al., 2018). 

The barcode index number system (BIN) is an online structure in the BOLD database where 

barcode sequences are grouped together based on geographic information, descriptive metadata 

and images for specimens that probably belong to the same species (Ratnasingham & Hebert, 

2013). Upon further investigation in this study, it was found that two fish families, Clinidae and 

Tripterygiidae, have been assigned to the same BOLD database BIN AAX1770. A similar 

shortcoming has been highlighted by Steinke et al. (2016) for the southern African species of 

Engraulis encrasicolus/Engraulis japonicus (Family Engraulidae), and also for Trachurus 

delagoa; Trachurus murphyi and Trachurus trachurus (Family Carangidae) that shared the same 

BIN on BOLD respectively. The sharing of the same BIN for Engraulis encrasicolus/Engraulis 

japonicus at least, was due to the change in name for that species (Steinke et al., 2016). BIN 

sharing has been documented more frequently for the commercially important tuna, genus 

Thunnus. B BIN sharing of unresolved taxonomies could be resolved by sequencing additional 

mitochondrial or nuclear genes to authenticate identified species (Abdullah & Rehbein, 2014). 

In the case of hybridisation or genetically closely-related fish species, the use of nuclear genes 

together with DNA barcoding could be useful for species assignment (Kochzius, 2009; 
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Teletchea, 2009). For this study, haploid and conserved genes were used to identify the 

specimens, and ambiguities were noticed at the species level with results yielding two different 

species identifications. Larvae, especially of small-bodied fish species, are difficult to resolve 

taxonomically due to the lack of prominent morphological differences among the closely-related 

families that could lead to misidentifications of specimens. As has been shown in this study, 

Clinidae and Tripterygiidae families shared a BIN on the BOLD online database. Mismatch at 

the family level shows that incorrect identification of small and cryptic fishes can lead to 

increased misidentification rates. 

There are currently no safeguards against a BOLD contributor misidentifying a specimen, and 

when a name has been added into a record list, it may be challenging for a third party to 

demonstrate that it could be different (Ratnasingham & Hebert, 2007). A validated BIN, 

however, permits an evaluator to query the species identifications that do not match the validated 

identifications, whether to correct the specimen identity or to point out ambiguities in the BIN 

(Ratnasingham & Hebert, 2013). This study shows that there is a need for thorough investigation 

of the reef-associated, cryptic, small-bodied fish species found along the south-east cost of South 

Africa. There is evidence that many of the small reef-associated species represent cryptic, 

genetically different lineages (Bickford et al., 2007) that need to be assessed taxonomically (von 

der Heyden, 2011). The sequence data generated can be an additional important asset in the 

identification of small reef fishes once data is submitted to the BOLD online database with 

supplementary information such as photographs (Ratnasingham & Hebert, 2007). 

It is well recognised that the taxonomy of the Blenniiformes is uncertain (Lin & Hastings, 2013), 

due to the absence of a well-resolved phylogeny (Hasting & Springer, 2009). In southern Africa 

in particular, approximately 25% of all endemic marine fishes are undescribed and this includes 

the small (<10 cm) benthic individuals residing in shallow marine environments (von der 

Heyden, 2011). A closer taxonomic investigation of the early life history stages of the 

Tripterygiidae and Clinidae species will help to prevent BIN sharing of sequences in the online 

BOLD database. 

Limited taxonomic information on the Blenniiformes poses a risk to the understanding of their 

biodiversity, ecology, and the overall functioning of the systems these fish inhabit (Hooper et 

al., 2005). Failure to recognise species that are known to be common in the marine environment 

affects our understanding of the evolution and ecology of marine communities and ultimately 

how environmental factors affect them (Knowlton, 1993). The major constraint in this study 

could be that there were insufficient barcode data to compare the generated sequences to. It has 
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been shown that, if DNA barcode libraries were complete, the barcodes could generally perform 

very well for identification (Kress & Erickson, 2008; Bingpeng et al., 2018). Problems occur 

when the reference databases are incomplete, as in the case of this study. One of the most serious 

limitations to DNA barcoding as an applied resource for molecular diagnostics is not necessarily 

associated with the quality of the DNA, but rather with the human inaccuracy in producing and 

curating a DNA barcoding reference library (Overdyk et al., 2016; Hulley et al., 2018). 

In this study, DNA barcoding failed to identify to species level an egg and larvae of a seemingly 

common specimen in the shallow coastal waters of South Africa. This result shows that the 

effectiveness of both approaches is limited by the lack of accurate larval descriptions for the 

morphology and an incomplete reference database for the barcoding. The major limitation to this 

study was that there are no keys to identify the larval specimens morphologically to the lowest 

taxonomic level in South Africa. Additional sampling of adults and larvae therefore should be 

conducted. 
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CHAPTER FOUR 

4.1 General Discussion 

The groundwork for scientific studies such as conservation biology, behaviour, systematics, 

ecology, phylogeny and evolution are all based on the correct identification of species (Wilson, 

2004; Ohl, 2014). In the field of taxonomy, where the primary task is to identify and delineate 

species, there is a crisis of limited funding and very few specialists for major and economically 

important groups (Godfray, 2002; Wilson, 2004; Swartz et al., 2008; Griffiths et al., 2010). After 

three centuries of inventorying marine living organisms, the earth’s biodiversity, which consists 

of not less than 10 million described species to date, is still poorly known and includes many 

species that carry potential economic and societal applications that are still to be discovered 

(Vernooy et al., 2010; Griffiths et al., 2010). The records from three Canadian ocean provinces 

(Arctic, cold temperate Northwest Atlantic, and cold temperate Northeast Pacific) show that the 

inventory of marine fish taxa is constrained by limited knowledge of the diversity in the deep sea 

(Coad & Reist, 2004; Mora et al., 2008; Archambault et al., 2010). Africa at large has a great 

diversity when it comes to fish species, but documentation and assessments of biodiversity are 

hindered by slow progress in the taxonomy of adults (Swartz et al., 2008). In South Africa, 

currently more than 12,914 species have been recorded, although individuals that are small in 

size remain undescribed (Griffiths et al., 2010). It has been estimated that, with the current rate 

of fish descriptions, it will take about 50 years to document and describe the total fish fauna in 

South Africa (von der Heyden, 2011). 

 

Regardless of the importance of identifying species for either academic or societal purposes, the 

interest in taxonomy and in pursuing the inventory of earth’s living organisms has declined since 

its earlier development during the 18th century by Carl Linnaeus (Mallet & Willmott, 2003). The 

decline is mostly triggered by the retirement of specialists in taxonomy and systematics, and the 

difficulty in training new ones (Herbert, 2001; Griffths et al., 2010; Archambault et al., 2010; 

von der Heyden, 2011). As the commonly used and long-practised procedure of morphological 

identification has its limitations, more suitable approaches for species identification are needed 

(Hebert et al., 2003; Swartz et al., 2008; Ko et al., 2013). Fishes undergo different life stages, 

making species description based on morphological characteristics alone inconsistent (Leis & 

Carson-Ewart, 2000; Friedheim, 2016). Dayrat (2005) proposed an integrative taxonomic 

approach, where a combination of molecular and morphological approaches can be used for 

effective species delineation. Several marine fish species have been described successfully using 
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the above-mentioned approach (e.g., Shao et al., 2002; Victor et al., 2009; Lelievre et al., 2012; 

Randall & Victor, 2013). 

 

This study tackled this black box of species identification by targeting the taxonomy of the early 

life history stages of fishes occurring on the south-east coast of South Africa, using an integrated 

morphological and molecular approach. Individuals from the family Gobiidae and Tripterygiidae 

were identified morphologically only to family level. Also, only one Soleidae specimen was 

positively assigned to species level based on morphological characteristics. Diplodus sargus and 

Austroglossus pectoralis specimens positively identified in this study are endemic to southern 

Africa and are a major component of the line and trawl fishery respectively (Heemstra & Gon, 

1986; Wood, 2000); an important finding, considering that the South African fisheries sector 

contributes approximately 1% to the national gross domestic product (FAO, 2009; SAC-EU 

EPA, 2017). 

 

Inconsistencies in the DNA barcode data analysis of the larval specimens, as seen for the 

tripterygiid larva, revealed a need for more intense ichthyoplankton surveys and the coupling of 

integrative approaches such as the one used in my research. Intensified ichthyoplankton surveys 

will not only serve ecological and conservation purposes (Termvidchakom & Hortle, 2013; 

Rodriguez et al., 2017; van der Lingen & Huggett, 2003), but will also improve taxonomic 

identifications (Fox et al., 2005). When the DNA barcode database has been further developed, 

the scientific and practical benefits of small-bodied fish barcoding will be diversified. DNA 

barcoding will provide more information for species descriptions. 

 

There was, indeed, limited barcoding data when it came to the small-bodied fishes found in the 

study region. Limited information on these fishes shows that some of the world’s biodiversity is 

not fully explored, especially for those species that are not economically important (von der 

Heyden, 2011). Also, species descriptions are often based on few specimens with inadequate 

knowledge about the distribution range and the ecology of the species (Cowen et al., 2000). This 

poor taxonomic knowledge of early life stages results in limited knowledge of population 

connectivity, and can jeopardise management and conservation efforts of marine fish species 

(von der Heyden, 2011; Ardura et al., 2016; Bingpeng et al., 2018;). Despite these challenges, 

DNA barcoding is a powerful tool for rapid and accurate species identification (Azmir et al., 

2017; Bingpeng et al., 2018; John et al., 2018). DNA barcodes are very useful for describing 

biodiversity in ecosystems that are species-rich, difficult to evaluate, and poorly catalogued 
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(Swartz et al., 2008; April et al., 2012; Ardura et al., 2016); through DNA barcoding, 

commercially important, small-bodied, and endemic fishes were identified in this study. 

 

I have found that the ability of morphological techniques to resolve larval fish specimens to the 

species level is not significantly different from the ability of DNA barcoding, especially when 

considering the least-studied individuals such as Tripterygiidae and Gobiidae species. There are 

however, a few differences that were noticed between the two techniques caused by the inability 

of both DNA barcodes and morphological characteristics to identify Tripterygiidae and Gobiidae 

specimens beyond the family level. Nonetheless, I established that DNA barcoding is more 

robust than morphological characteristics in species identification for other taxonomic groups. 

This is also evident from other studies conducted to identify different species of fish (Ward et 

al., 2009; Hubert et al., 2010; Zhang et al., 2011; Ko et al., 2013, Ockhuis et al., 2017). 

 

DNA barcodes were also successful in identifying eggs and damaged larval specimens to the 

species level, when morphological identification was impossible. DNA barcoding has the ability 

to function, regardless of the physical conditions of the specimens. In the case of fish eggs that 

are difficult to identify based only on morphology, I would suggest the use of another gene 

region, in addition to the COI. Multiple gene sequencing would allow for the verification of 

identities (Zhang & Hanner, 2011). In an event where divergence is not so recent, nuclear 

markers can be used for phylogenetic analysis (Lin & Danforth, 2004). Further, mitochondrial 

protein-coding genes can now be sequenced using a Roche 454 platform at relatively low cost, 

providing markers for systematics applications, and additional data to potentially improve DNA 

barcode resolution (Timmermans et al., 2010). 

 

The solution to the mismatch in species identification when sequences generated from this study 

are compared on the online database could be solved by obtaining a DNA barcode or sequence 

from the type specimens. This would not be possible in most cases when types are unavailable 

or cannot be used to extract DNA. In such instances, DNA identification would be based on 

newly collected individuals which are examined by an experienced taxonomist to confirm their 

identity (Tauz et al., 2003). Secondly, a database with a centralised, universal system for regional 

species (before submission of the data to the international dataset such as BOLD) which could 

be established from current efforts, would help to minimise mistakes and also improve the 

current species identification output, complementing the traditional morphological technique. 

Undoubtedly, the technical difficulties related PCR failure, mismatch, and misidentifications 
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should be overcome as to improve successful sequencing. With the incorporation of a single-

copy nuclear marker (Prada et al., 2014), the success rate of DNA barcoding is increasing. 

 

In conclusion, what I can infer from this study is that the Phylogenetic Species Concept which 

gives information about the evolutionary history of an organism (Mayden, 1997; Coyne & Orr, 

2004) based on morphological characteristics and molecular barcode (Cracraft, 1989; Coyne & 

Orr, 2004) is more suitable for identifying the early life history stages of fish. The above-

mentioned species concept complements the integrative approach very well when it comes to 

species level identification of larval fishes. Use of the integrated species concept, which involves 

both DNA barcoding and morphological characteristics, could increase the number of positive 

identifications of fish species. The DNA barcoding method produces a short genetic marker to 

enable identification of a particular specimen; this can be done even by non-specialists in a very 

short period of time (Ardura et al., 2016). However, if the barcodes are unable to identify the 

species, another approach is the nearest-neighbour BLAST which can be used to delimit 

anonymous reads (Zhang et al. 2013). Although the unknown sequence query depends on the 

completeness of the taxon sampling in the reference database, the use of a sequence similarity 

gap can reveal previously unsampled species as distinct (Meyer & Pulay, 2005). With the decline 

in the number of taxonomists, the use of DNA barcoding in identifying damaged or physically 

intact specimens could reveal cryptic and least-studied individuals. Even though DNA is 

regarded as accurate and rapid when it comes to species level identification, there is a pressing 

need for development of conventional taxonomic keys for ichthyoplankton samples that can be 

used in cross-questioning genetic data. 
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4.2 Conclusion and Recommendations 

Molecular techniques have been used extensively and have recently gained popularity for the 

identification of different fish species (Zhang & Hanner, 2011; Ardura et al., 2016). Prior to the 

use of DNA barcoding in species identification, taxonomists relied only on morphology. A 

morphological approach however, requires specimens to be intact and relies heavily on the 

expertise of the taxonomist in charge of that particular species under study (Ko et al., 2013). 

Molecular techniques were hence designed to produce a more reliable method that can be used 

in species identification and to accommodate specimens that are no longer morphologically 

intact. Even though there is an increased application of DNA barcoding and morphological 

techniques in species identification, there are no studies that have previously used both 

techniques to identify the larval fishes from the south-east coast of South Africa.  

 

The morphological approach in this study was, however, constrained by the limited reference 

data for species identification beyond the family level, while DNA barcodes enabled 

identification to the lowest taxonomic level. Similarities were observed between the two 

techniques, these include the inability of DNA barcoding to delineate Tripterygiidae specimens 

to the species level; and the inability of present morphological approaches to identify specimens 

beyond the family level. However, use of DNA barcoding led to species level identification of 

fish eggs. These two techniques could not be compared in the identification of fish eggs and 

larvae in this study because of limited tools, such dichotomous keys and a reference library for 

species found on the south-east coast. A comprehensive reference library is especially necessary 

for cryptic and ecologically important species, which may not be important from a commercial 

or recreational fishery perspective. I therefore conclude that despite the inability of DNA 

barcoding to resolve benthic cryptic species, it is still a more robust technique for the 

identification of fish eggs and larvae than to a morphological approach. While this demonstrates 

that morphological identifications by an expert ichthyologist are highly accurate, it shows that 

DNA barcoding is a slightly more accurate technique, when DNA barcoding is able to identify 

the specimen to the species level with an accuracy of 99-100%. 

However, for future research on various life history phases of fishes that are distributed across 

different spatial and temporal scales (Pattrick & Strydom, 2008), I would recommend another 

gene to be used in addition to the COI gene for DNA barcoding. This would be suitable for 

understanding the spawning habitats which strongly affect recruitment success (Borja et al., 

2008) and, consequently, the demographic stability of a population (Bellier et al., 2007). Hence, 

the location, quality and size of spawning areas are essential factors influencing the spatial and 
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temporal dynamics of fish populations (Russ & Alcala, 2004). The only obstacle would be the 

development of a comprehensive database for alternative genes. This study was directly 

impacted by the limited reference data, time available for second gene sequencing and lack of 

experience in the morphological identification of larval fishes beyond the family level. 

Therefore, there is a need to train junior researchers who are interested in the taxonomy of early 

life history stages of fish; alternatively, the development of a book with photographs, and 

specimen descriptions of the early life history stages of different species occurring in this region. 
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