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Abstract 

The Congolese and Lower Guinean ichthyological provinces are understudied hotspots of the global 

fish diversity. Here, we barcoded 741 specimens from the Lower and Middle Congo River and from 

three major drainage basins of the Lower Guinean ichthyological province, Kouilou-Niari, Nyanga 

and Ogowe. We identified 194 morphospecies belonging to 82 genera and 25 families. Most 

morphospecies (92.8%) corresponded to distinct clusters of DNA barcodes. Of the four 

morphospecies present in both neighbouring ichthyological provinces, only one showed DNA 

barcode divergence <2.5%. A small fraction of the fishes barcoded here (12.9% of the morphospecies 

and 16.1% of the barcode clusters representing putative species) were also barcoded in a previous 

large-scale DNA analysis of freshwater fishes of the Lower Congo published in 2011 (191 specimens, 

102 morphospecies). We compared species assignments before and after taxonomic updates and 

across studies performed by independent research teams and observed that most cases of 

inconsistent species assignments were due to unknown diversity (undescribed species and unknown 

intraspecific variation). Our results report more than 17 putative new species and show that DNA 

barcode data provide a measure of genetic variability that facilitates the inventory of underexplored 

ichthyofaunae. However, taxonomic scrutiny, associated with revisions and new species 

descriptions, is indispensable to delimit species and build a coherent reference library. 

 

Keywords 

Biodiversity, Freshwater, Taxonomy, COI, Ichthyofauna, Central Africa 

 

1 Introduction 

The Fish Barcode of Life initiative (FISH-BOL) is an international research collaboration aiming at 

assembling a standardized reference library of DNA barcodes for all fish species (Becker, Hanner, & 

Steinke, 2011; Hanner, Desalle, Ward, & Kolokotronis, 2011; Ward, Hanner, & Hebert, 2009). The 

goal of this campaign is to allow fish species identification through the comparison of query 
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sequences against the reference sequence database in the Barcode of Life Data Systems, BOLD 

(Ratnasingham & Hebert, 2007). DNA barcode libraries also facilitate species discovery when 

morphology alone is insufficient (April, Mayden, Hanner, & Bernatchez, 2011) and particularly in 

poorly inventoried areas characterized by taxonomically hyperdiverse faunas (L. H. Pereira, Hanner, 

Foresti, & Oliveira, 2013; Pugedo, de Andrade Neto, Pessali, Birindelli, & Carvalho, 2016). 

One of the main knowledge gaps on global fish diversity concerns the two ichthyofaunal provinces 

that make up Central Africa: the Congo Basin and Lower Guinean provinces (Brooks, Allen, & 

Darwall, 2011; Darwall et al., 2011; Lévêque, Oberdorff, Paugy, Stiassny, & Tedesco, 2008; Roberts, 

1975). The Congo Basin is the second largest catchment area in the world after the Amazon Basin 

and is characterized as a hotspot of fish diversity (Snoeks, Harrison, & Stiassny, 2011), with about 

1000 described species from the region excluding lakes Kivu and Tanganyika and the Malagarazi 

system (Froese & Pauly, 2018). Despite more than a century of taxonomic efforts with numerous 

field expeditions, local inventories and new species descriptions (e.g. Boulenger, 1901; Decru et al., 

2017; Roberts & Stewart, 1976; Shumway et al., 2003; Stiassny & Mamonekene, 2007; Van 

Steenberge, Vreven, & Snoeks, 2014; Wamuini, Vreven, Vandewalle, Mutambue, & Snoeks, 2010), its 

fauna remains poorly documented and large areas of the Congo Basin remain underexplored 

(Thieme et al., 2005). The Lower Guinean province has been more intensively studied in the last 

decades (e.g. Stiassny, Teugels, & Hopkins, 2007; Walsh & Mamonekene, 2014). Although some of 

its river basins show ichthyofaunal similarities with the Congo Basin (Brooks et al., 2011), its 

southern part is characterized by very high levels of endemism. The development of a DNA reference 

library for the ichthyofauna of Central Africa is a complex and slow process, which is fraught with 

difficulties. The main DNA barcoding studies focusing on this region established DNA barcoding 

libraries for 328 species of the Lower Congo (Lowenstein, Osmundson, Becker, Hanner, & Stiassny, 

2011) and for 206 species of the north-eastern part of the Congo Basin (Decru et al., 2016). Both 

studies reported species delimitation issues, which are primarily due to limited exploration 

throughout the region, difficult compilation of identification keys impeding identification of 



A
cc

ep
te

d 
A

rt
ic

le

This article is protected by copyright. All rights reserved. 

specimens to the species level, lack of species distribution data, and a chronic lack of up-to-date 

taxonomic and ecological knowledge. As a consequence, the DNA barcoding of fishes from these 

regions is exposed to a plethora of species identification problems which should be addressed with 

taxonomic approaches (e.g. Decru, Vreven, & Snoeks, 2012, 2013; Lowenstein et al., 2011; Vreven, 

Musschoot, Snoeks, & Schliewen, 2016). 

In line with the recommendations of the African Regional Working Group of FISH-BOL (2008), we 

used DNA barcoding as a tool to inventory the fish biodiversity of several areas of the Congo Basin 

and Lower Guinean ichthyological provinces. Our team comprises experienced fish taxonomists that 

are deeply involved in the revision of the Afrotropical fish fauna. The combined use of morphological 

characters and DNA barcodes is recognized as an appropriate strategy to improve the reliability of 

species identifications (Hubert & Hanner, 2015; Janzen et al., 2009; Sheth & Thaker, 2017). We 

pursue two objectives: (1) to link DNA barcode sequences to morphospecies and enrich existing 

taxonomical data related to Congolese and Lower Guinean fish biodiversity; (2) to assess whether 

DNA barcode data confirm the presumed conspecificity of morphologically identified species within 

and across ichthyological provinces. We also assess the dynamics of building a DNA barcode library 

for freshwater fishes by (1) evaluating whether DNA barcode libraries that are generated 

independently for the same part of the Congolese drainage system (Lowenstein et al., 2011) can be 

combined to ascertain unambiguous species identifications and (2) comparing DNA barcoding results 

obtained for the same data set before (in 2012) and after (in 2018) recent taxonomic updates.  

2 Materials and Methods 

2.1 Sampling  

A total of 741 specimens were sampled during four field campaigns carried out between 2004 and 

2007 in the Democratic Republic of the Congo (DRC) and in the Republic of the Congo (Congo-

Brazzaville) (Fig. 1 and Table S1). In the Congolese ichthyological province (CO), we sampled a total 
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done to get a comprehensive knowledge of the fish diversity in the Lower Congo. Unfortunately, too 

few DNA barcoding studies intentionally report and discuss inconsistencies observed among 

reference libraries obtained for the same fauna. This is regrettable because inconsistencies and the 

way they are treated is crucial for the reliability of DNA barcoding species identifications. Our results 

show that species assignment becomes more problematic in the library combining data sets A and B 

(more inconsistencies and larger overlap between distances among and within morphospecies). 

First, misidentifications and mislabelling become obvious when misidentified specimens are 

compared with correctly identified specimens of the same species. This would explain the aberrant 

clustering of voucher specimen t-073-7242 (identified as Garra ornata in data set B, Cyprinidae) with 

specimens of a different family (A, Mochokidae). Mislabelling is also probable for voucher t-062-

6197 (data set B), which was collected in DRC (according to its GenBank accession number 

HM418112) and identified as Sanagia velifera, an endemic species of Cameroon. The same is 

possible for specimens of Labeo (Fig. 5) and of Monostichodus lootensi (HM418231, Fig. 6). For more 

closely related species, when misidentification is more difficult to detect, more investigation is 

needed to judge if formally described species 1) were not consistently recognized by independent 

teams or 2) correspond to one single species or 3) cannot be distinguished on the basis of DNA 

barcodes. This could be the case for the following pairs of species showing identical or very similar 

DNA barcodes: Labeo lineatus (B) and L. greenii (A), Mormyrops furcidens (A) and M. lineolatus (B), 

M. sirenoides (A) and M. masuianus (B), Pollimyrus nigripinnis (A) and one haplotype of P. 

maculipinnis (B), Citharinus macrolepis (A) and C. gibbosus (B), Enteromius holotaenia (B) and E. 

miolepis (A). Anyway, most inconsistences between data sets were caused by a different way of 

treating unknown diversity. Indeed, in several cases, different lineages showing divergent DNA 

barcodes were identified with the only existing name available. This was likely the case for the 

following species, which were all described from other drainage systems or geographically distant 

places of the same rivers: Clarias gabonensis (Ogowe River, LG, Gabon), Enteromius rubrostigma 

(Ogowe River, LG, Gabon), Opsaridium ubangiense (Ubangi River, CO, Central African Republic) and 
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Eugnathichthys macroterolepis (Chiloango, LG, Angola). In other cases, morphological variants 

identified by us with provisional names (Garra cf. ornata, Ctenopoma cf. nigropannosum, P. cf. 

nigripinnis) do not show any DNA barcode divergence with the described species and correspond to 

either new phenotypes hitherto unknown for the species or recently diverged species. 

Similarly to the study of Decru et al. (2016), the families showing most inconsistencies (Cyprinidae 

and Mormyridae) contain genera for which much of the species diversity remains overlooked. 

Taxonomic assignments are inevitably less accurate in the presence of undescribed lineages because 

species boundaries are unknown. DNA barcoding offers the opportunity to quantify the consistency of 

species delineations with a measure of genetic variability (Kress & Erickson, 2012). Our results 

highlight specific cases where the study of additional specimens and comparisons with type material 

are necessary to provide reliable species descriptions and it is evident that the developed DNA 

barcode reference library is far from comprehensive. It will become increasingly useful for 

biodiversity surveys when more species and more populations will be included. DNA barcoding 

ideally works as a species identification tool based on an established taxonomy (Desalle, 2006). This 

implies that the sequencing of new samples from unexplored areas is mainly useful to flag specimens 

with divergent DNA barcodes. Tools like ABGD, RESL, GMYC or bPTP provided very coherent sets 

of MOTUs in this study. We therefore recommend using provisional species assignments (i.e. not 

formal descriptions), for which MOTUs can be used in combination with morphospecies assignments 

to guide further taxonomic investigation when exploring poorly inventoried fauna. 

Unfortunately, the rate-limiting factors in describing biodiversity will remain the collection of new 

specimens in the field and taxonomic revisions. This is especially true for Africa, where routine and 

geographically representative collection of species in the field remains problematic due to conflicts, 

inaccessibility and a lack of capacity and logistical support. Of particular concern are countries such 

as the DRC with high freshwater fish diversity and levels of endemism (Froese & Pauly, 2018; Swartz, 

Mwale, Hanner, & Swartz, 2008). The growing database of DNA barcodes indeed increases the speed 

and the consistency of fish identification by facilitating comparisons among reference collections 
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Data Accessibility Statement 

DNA sequences: Process ID in the Barcode of Life Data Systems (BOLD) are from BCOVR001-17 to 

BCOVR741-17 (project BCOVR) and accession numbers in GenBank are from MK073961 to 

MK074701. Hologenetype of Synodontis carineae: MK074654. Paragenetypes of Synodontis 

carineae: MK074655-8 and MK074660. 

DNA alignments of the COI data sets A and A+B are deposited in the Dryad Digital Repository: 

https://doi.org/10.5061/dryad.5qj120q 

 

Author Contributions 

EVer, JS, EVre, JVH, ZTN, FCB and GS designed the research. MVS, EVre, GB, MH, SWL, AIZ, 

VM, TM and ED collected the fishes and performed the morphological identifications. FCB, GS, 

ZTN and JVH performed the lab work. GS, EVer, ZTN and JVH analysed the data. GS, EVer, ZTN, 

JS, KJ, EVre and MVS wrote the manuscript. 

 

Figures and tables 

Figure 1. Sampling locations of this study and Lowenstein et al. (2011) at different scales (A, B, C). 
Orange symbols mark the collection sites of this study situated within the Congolese ichthyological 
province (diamonds: Luki, stars: Inkisi, disks: Djoué and Pool Malebo, triangles: Lefini). Red 
symbols represent our sampling records from the Lower Guinean ichthyological province (disks: 
Kouilou-Niari, diamonds: Nyanga, star: Polo Ogowe and triangle: Ngongo). Black dots represent 
sampling records of Lowenstein et al. (2011). Blue lines and orange lines represent rivers and political 
borders, respectively. 
 
Figure 2. A: Boxplots representing the ranges of distances observed in data sets A (left) and A+B 
within and among morphospecies (top), and within and among MOTUs determined using ABGD 
(bottom) (right). This was done for all families and for the five families represented by more than 60 
sequences (Alestidae, Cichlidae, Cyprinidae, Distichodontidae and Mormyridae). B: Ranges of 
distances among specimens of the same morphospecies collected within and among river basins. 
CO: Congolese ichthyological province, LG: Lower Guinean ichthyological province. Coloured boxes 
represent the interquartile range. Bold horizontal bars represent medians. Whiskers represent the 
range of values situated <1.5 times the interquartile range from the box. Open circles represent 
outliers outside this range. 
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Figure 3. A: Subtrees showing distances within morphospecies found in both ichthyological 
provinces. B: Subtrees showing distances between pairs of similar morphospecies collected in 
neighbouring provinces. These subtrees were extracted from the neighbour-joining tree based on 
the new barcode data set (data set A) and using uncorrected p-distances. Bootstrap values are given 
at the nodes. 

 

Figure 4. A: Subtrees showing distances among relatively similar morphospecies collected in the 
same ichthyological province. B: Subtrees showing distances within morphospecies collected in 
different rivers of the same ichthyological province. C: Subtrees showing distances within 
morphospecies collected in the same river. These subtrees were extracted from the neighbour-
joining tree based on the new barcode data set (data set A) and using uncorrected p-distances. 
Bootstrap values are given at the nodes.  

 

Figure 5. Neighbour-Joining (NJ) tree (uncorrected p-distance) for all DNA barcode sequences of the 
family Alestidae. Bootstrap values are given at the nodes. (A): new records from this study; (B): 
records from Lowenstein et al. (2011).  
 
Figure 6. Neighbour-Joining (NJ) tree (uncorrected p-distance) for all DNA barcode sequences of the 
family Cichlidae. Bootstrap values are given at the nodes. (A): new records from this study; (B): 
records from Lowenstein et al. (2011). Bold annotations indicate incongruences between DNA 
barcode clusters in the tree and morphospecies assignments (S: morphospecies split in different 
clusters; L: different morphospecies lumped in the same cluster). 
 
Figure 7. Neighbour-Joining (NJ) tree (uncorrected p-distance) for all DNA barcode sequences of the 
family Cyprinidae. Bootstrap values are given at the nodes. (A): new records from this study; (B): 
records from Lowenstein et al. (2011). Bold annotations indicate incongruences between DNA 
barcode clusters in the tree and morphospecies assignments (S: morphospecies split in different 
clusters; L: different morphospecies lumped in the same cluster; *: incongruence obtained after 
merging data sets A and B). 
 
Figure 8. Neighbour-Joining (NJ) tree (uncorrected p-distance) for all DNA barcode sequences of the 
family Distichodontidae. Bootstrap values are given at the nodes. (A): new records from this study; 
(B): records from Lowenstein et al. (2011). Bold annotations indicate incongruences between DNA 
barcode clusters in the tree and morphospecies assignments (S: morphospecies split in different 
clusters; L: different morphospecies lumped in the same cluster; *: incongruence obtained after 
merging data sets A and B). 
 
Figure 9. Neighbour-Joining tree (uncorrected p-distance) for all DNA barcode sequences of the 
family Mormyridae. Bootstrap values are given at the nodes. (A): new records from this study; (B): 
records from Lowenstein et al. (2011). Bold annotations indicate incongruences between DNA 
barcode clusters in the tree and morphospecies assignments (S: morphospecies split in different 
clusters; L: different morphospecies lumped in the same cluster; *: incongruence obtained after 
merging data sets A and B). 
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