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Abstract

Through the analysis of a comprehensive database of COI sequences, with the sequencing of 48 speci-
mens, a first insight into the genetic diversity, distribution and relationships between the southern Africa
“Lacustricola” species is presented. Species from “Lacustricola” occur mainly in freshwater systems within
the arid savanna, and are considered to be widely distributed in southern Africa, but most of them are
data deficient taxa. Two species are redescribed, “Lacustricola” johnstoni (Giinther, 1894) and “Lacustri-
cola” myaposae (Boulenger, 1908), based on specimens collected at their respective type localities. Detailed
osteological and life colouration information is presented for the first time. “Lacustricola” johnstoni was
described from the Upper Shire River in Mangochi, Lake Malawi but is herein considered as widespread
in the Okavango, Zambezi, southern Africa east coastal drainages and the Bangweulu in the Congo Sys-
tem. A sympatric similar species occurring in the Okavango is also identified. “Lacustricola” myaposae
(Boulenger, 1908), was described from the Nseleni River in KwaZulu-Natal Province, South Africa and
is herein considered to be endemic to the small coastal river drainages within this region. Lectotypes for
both “L.” johnstoni and “L.” myaposae are designated. A new species from the Lualaba River in the Congo
System, sister to “L.” macrurus is identified, and the deep bodied “L.” jubbi is considered sister taxon to a
clade including “L.” johnstoni and “L.” myaposae.
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Introduction

The Procatopodidae comprises approximately 100 small oviparous killifishes distrib-
uted across the major African freshwater systems (Ghedotti 2000; Braganga and Costa
2019). Fishes of this family are popularly known as African lampeyes due to the pres-
ence of a characteristic iridescent reflective colouration in the dorsal region of the eye.
Historically, a close relationship between the procatopodids, the Amazon miniature
oviparous killifish species of Fluviphylax Whitley, 1965 and the American live-bearing
poeciliids had been suggested based on morphological phylogenies (Parenti 1981; Cos-
ta 1996; Ghedotti 2000). Subsequent investigation of molecular data provided better
insights into the relationships among the main clades of Cyprinodontiformes (Pollux
et al. 2014; Pohl et al. 2015; Helmstetter et al. 2016; Reznick et al. 2017; Braganca et
al. 2018; Braganca and Costa 2018). More recently, Braganga et al. (2018) provided a
comprehensive molecular phylogeny of the Cyprinodontiformes based on sequences of
one mitochondrial and five nuclear genes. Results from this study refuted monophyly
of the family Poeciliidae, and the African lampeyes were assigned to the family Procato-
podidae which is considered to be sister group of the Old World Aphaniidae and Valen-
ciidae (Braganga et al. 2018). Findings from these aforementioned studies stimulated
further interest in establishing the relationships among the African procatopodids.
Braganga and Costa (2019) published a more inclusive molecular time calibrated
phylogenetic analysis directed to assess the internal relationships among the little known
African lampeye genera, revealing the timing and diversification patterns among pro-
catopodids and evidencing the paraphyly of some of its proposed genera. According
to Braganga and Costa (2019), Procatopodidae split from Aphaniidae and Valenciidae
as a consequence of the trans-Saharan sea retreat during the Late Eocene-Early Oli-
gocene transition, and most clades diversified during the moist-wet climate stability
period from the Late Oligocene/Early Miocene until the Middle Miocene. However,
the extreme aridification and climatic instability seen in the Late Miocene and in the
Pliocene-Pleistocene respectively, probably promoted diversification of one particular
African lampeye clade in savannahs and arid environments. Within this clade there are
the widely distributed “Poropanchax” normani (Ahl, 1928), and species belonging to
Micropanchax Myers, 1924, Poropanchax Clausen, 1967, Rhexipanchax Huber, 1999
and the southern Africa “Lacustricola” Myers, 1924 species (Braganga and Costa 2019).
The genus Lacustricola was found to be polyphyletic, i.e. with two distinct and
non-related species groups. The first group comprised all eastern Africa species includ-
ing the type species of the genus, L. pumilus (Boulenger, 1906); and the second group
comprises all southern Africa species (Braganga and Costa 2019). The southern Africa
Lacustricola species were considered to be sister to Micropanchax and both these genera
contain species that are currently considered to have broad distribution ranges across
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the African savannah associated water systems (Bragan¢a and Costa 2019). Ongoing
critical evaluation integrating molecular, morphological and osteological data support
the proposed split of Lacustricola (Braganca unpublished data). This work will result
in the establishment of new generic names, but in the present study, Lacustricola refers
to species belonging to the eastern Africa clade and “Lacustricola” to species from the
southern Africa clade, following Braganga and Costa (2019).

The southern “Lacustricola” clade is much more diverse than the eastern clade. Species
in the southern clade have broad distribution ranges across most river systems in southern
Africa, from the Nseleni in the south through the Okavango, Cunene, Kwanza, Zambezi,
coastal river drainages in Mozambique and tributaries of the Congo (Wildekamp et al.
1986; Skelton 2001). The deep bodied species previously placed in the genus Hypsopan-
chax Myers, 1924, such as H. jubbi Poll & Lambert, 1965, H. jobaerti Poll & Lamberti,
1965 and H. stiassnyae Van der Zee, Sonnenberg & Mbimbi Mayi Munene, 2015 were
recently found to belong to the southern Lacustricola clade (Braganga and Costa 2019;
Braganca unpublished data). There are three main subgroups within the southern clade.
These are the “L.” katangae (Boulenger, 1912) group which is defined by a zigzag black
mark along the lower portion of the flank, the “L.” hutereaui (Boulenger, 1913) group
which is defined by the presence of barred dorsal, anal and caudal-fins and a conspicuous
reticulate pattern on scale margins, and the “L.” johnstoni (Giinther,1894) group which is
defined by a slender body and lack of the aforementioned characters. All three subgroups
have broadly similar distribution patterns, with some species occurring sympatrically.

The present study builds and expands on previous efforts by incorporating a compre-
hensive database of mitochondrial COI sequences (“DNA-barcodes”) to examine the di-
versity and map the distribution of species and lineages in the southern “Lacustricola” clade.
However, because of considerable sampling gaps there is lack of data for some topotypes
of currently recognised species and their synonyms; therefore, the purpose of the present
study is to provide a first snapshot of the diversity within the southern “Lacustricola” clade
and provide a roadmap for future taxonomic revision of this group. The paper also provides
updated descriptions and diagnoses for “L.” johnstoni (Giinther, 1894) and “L.” myaposae
(Boulenger, 1908) based on data from comprehensive conspecific topotypic specimens of
these species, respectively, in Mangochi, Lake Malawi, Malawi and in the Nseleni River, in
KwaZulu Natal, South Africa, as well as examination of the species syntypes. We have also
selected and designated the following specimens as lectotypes for “L.” johnstoni (BMNH
1893.11.15.95) and “L.” myaposae (BMNH 1907.4.17.88), to contribute to the ongoing
effort in studying and describing the southern Africa “Lacustricola” diversity.

Materials and methods

Specimens examined, preservation, and fixation

The present study included specimens and tissue samples that were collected from
historical surveys and recent expeditions in southern Africa and were deposited into
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the National Collection Facility at the NRF-South African Institute for Aquatic Bio-
diversity (NRF-SAIAB), the Federal University of Rio de Janeiro (UFR]) in Rio de
Janeiro, Brazil and the Royal Museum for Central Africa (RMCA) in Tervuren, Bel-
gium. “Lacustricola” johnstoni and “L.” myaposae syntypes from the Natural History
Museum (BMNH), London, UK were examined from photographs, and lectotypes
were designated. Fishes were sampled using various gears including electrofishing,
seine nets, traps/fyke nets and dip nets. Captured fishes were anaesthetised with clove
oil, digitally photographed and a small piece of muscle tissue was dissected from the
right side of each specimen and preserved in 95% ethanol in the field for genetic anal-
ysis. Tissue samples were stored at -80 °C at the NRF-SAIAB, Grahamstown. Voucher
specimens were fixed in 10% formalin in the field and were then transferred through
10% and 50% to 70% ethanol for long-term storage upon returning from the field.
Specimens examined for the redescription of “L.” johnstoni and “L.” myaposae are
listed in the taxonomic accounts section. A list of samples included in the molecular
analysis with their respective localities and GenBank accession numbers are presented
in Suppl. material 1.

Morphological study and osteological preparations

Meristics and morphometric data of “L.” johnstoni and “L.” myaposae were taken from
specimens fixed in formalin and transferred to 70% ethanol (material listed in the tax-
onomy accounts section). Body measurements are presented as proportions of stand-
ard length (SL) and head measurements are expressed as proportions of head length
(HL). Measurements were obtained using digital callipers under a dissecting micro-
scope following Costa (1988). Osteological studies were made on cleared and stained
specimens prepared according to Taylor and Dyke (1985), and nomenclature for bone
structures followed Costa (2006). Most osteological illustrations were made on the
left side, unless these were damaged. Nomenclature for frontal squamation follows
Hoedeman (1956) and that for head sensory canals follows Gosline (1949), except for
the posterior section of supraorbital canal, here called the posterior infraorbital canal.

Taxon sampling

Mitochondrial COI sequences of 48 specimens representing most of the southern Af-
rica “Lacustricola” species were included in this study. In addition to the sequences
produced in this study, other sequences were selected from GenBank (Suppl. material
1). We generated COI sequences for samples of conspecific specimens (topotypes) col-
lected close to the type localities of “L.” johnstoni, “L.” myaposae and “L.” katangae and
these were designated as topogenetypes following Chakrabarty (2010). Information on
the locality details of samples used and GenBank accession numbers are presented in
Suppl. material 1. The procatopodid species “Poropanchax” normani which is known as
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sister to all other genera and species within the savannah and arid environment clade
(Braganga and Costa 2019) was selected as outgroup. Species belonging to the south-
ern Africa Lacustricola clade will be referred to as belonging to “Lacustricola”, following
Braganga and Costa (2019), indicating that species from the southern Africa clade are
not related to L. pumilus, the genus type species.

DNA extraction, PCR, and sequencing

DNA was extracted from preserved tissues using the salting out method (Sunnucks et al.
1996) and by using the GeneJet Genomic DNA Purification kit (Thermo Fisher Scien-
tific) and the NucleoSpin Tissue kit (Machery-Nagel Gmbh & Co. KG) following the
manufacturer’s standard protocol for animal tissue isolation. A fragment of the mitochon-
drial cytochrome oxidase subunit I (COI) gene was amplified by polymerase chain reac-
tion (PCR) using the general universal DNA barcoding primer set: LCO1490 and HCO
2198 (Folmer et al. 1994). PCRs were performed with a Veriti 96 well thermal cycler
(Applied Biosystems) and each reaction mixture (25 pL) contained 100-200 ng template
DNA, 14.4 pL of water, 2.5 puL deoxynucleotide triphosphate (ANTP) (10 mM), 2.5
mM MgCL, 2.5 uL. PCR buffer (10X), 0.5 uL of each primer (20 pmol) and 0.1 uL 7zq
DNA polymerase (Southern Cross Biotechnology, Cape Town). The PCR amplification
profile was 95 °C for 5 min, followed by 35 cycles of 95 °C for 1 min, 43—47 °C for 1min
and 72 °C for 2 min, and then final extension at 72 °C for 7 min. PCR products were pu-
rified with Exosap (Applied Biosystems), cycle-sequenced using BigDye Cycle Sequenc-
ing Kit (Applied Biosystems, Foster City, CA, USA) and sequenced at the NRE-SAIAB
using an ABI 3730x] DNA Analyzer (Applied Biosystems) or in Macrogen, South Korea.

Alignment, evolution model, and phylogenetic analysis

Sequences were cleaned, aligned and trimmed to equal lengths (676 bp) using the pro-
gram MEGA 7.0 (Kumar et al. 2016). The sequence evolution model HKY+I+G was
selected using the corrected Akaike’s Information Criteria (AICc) as implemented in
JMODELTEST 2 (Darriba et al. 2012). Phylogenetic analyses were conducted through
Bayesian inference (BI), using the program MRBAYES v3.2.5 (Ronquist et al. 2012)
and Maximum Likelihood (ML), using the program GARLI 2.0 (Zwickl 2006). When
performing MRBAYES v3.2.5, BI was conducted using two Markov chain Monte Carlo
(MCMC) runs of four chains each for 3 million generations and a sampling frequency
of 1000. The quality of the MCMC chains, stationarity and the respective ESS values of
analysis parameters were checked in Tracer 1.6, and the analysis was finished when param-
eters were above 200. A 25% burn-in was removed in MRBAYES v3.2.5. A Maximum
Likelihood stepwise-addition starting tree was performed in GARLI 2.0, with 100 attach-
ment branches for each taxon and ten independent search replicates. The support values
of the ML analysis were calculated by 1000 bootstrap replications (Felsenstein 1985).
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“Lacustricola” johnstoni Thamalakane River BOT SAIAB 98251.1
“Lacustricola” johnstoni Dungu Lagoon BOT SAIAB 75438.1
“Lacustricola” johnstoni Kwando River NAM SAIAB 200812.1
“Lacustricola” johnstoni Okavango River BOT SAIAB 200808.1

“Lacustricola” johnstoni Okavango River NAM  SAIAB 85360.1
“Lacustricola” johnstoni Zambezi River MOZ SAIAB 97044.1
“Lacustricola” johnstoni Zambezi River MOZ SAIAB 97183.1

“Lacustricola” johnstoni Shire River MAL SAIAB 118776.1
“Lacustricola” johnstoni Lulimala River ZAM SATAB 99047.1

“Lacustricola” johnstoni Bangweulu System ZAM UFR] 10894.1
“Lacustricola” myaposae  Mseleni River RSA  SAIAB 88658.1
“Lacustricola” myaposae Lake Mgobolozeni RSA  SAIAB 88653.1
“Lacustricola” myaposae Hluhluwe River RSA  SAIAB 190720.1
“Lacustricola” myaposae Nseleni River RSA SAIAB 208915.1 —

196

“Lacustricola” myaposae Hluhluwe River RSA SAIAB 190720.2
“Lacustricola” jubbi Lualaba River DRC MRAC C5 | ——

“Lacustricola” macrurus Kwanza River ANG ~ SAIAB 85468.1

“Lacustricola” macrurus Kwanza River ANG ~ SAIAB 84614.1
“Lacustricola” macrurns Kwanza River ANG ~ SAIAB 85468.2

“Lacustricola” macrurus Kwanza River ANG ~ SAIAB 85518.1
“Lacustricola” aff. johnstoni ‘Congo’ Lualaba River DRC UFR] 11474.1 |
“Lacustricola™ aff. johnstoni *Okavango’ Okavango River NAM UFRJ 10873.1

—_

“Lacustricola” aff. johnstoni ‘Okavango’ Okavango River NAM SAIAB 200766.1

94/67 o6l

o3| “Lacustricola” aff. johnstoni ‘Okavango’ Zambezi River NAM SATAB 200802.1
“Lacustricola” aff. johnstoni ‘Okavange’ Thamalakane River BOT SAIAB 97403.1

“Lacustricola” aff. johnstoni ‘Okavango’ Zambezi River NAM SATAB 200802.2
“Lacustricola” centralis Malagarasi River BUR MRAC Al I
“Lacustricola” mediolateralis Lake Curumbo ANG SAIAB 118846.1 ’\

 “Lacustricola” katangae Boa Fé Lagoon ANG SAIAB 101067.1

|- “Lacustricola” katangae Mpulumba ZAM SAIAB 97994.1
I “Lacustricola” katangae Lwalaba River ZAM SAIAB 140103.1

“Lacustricola” katangae Zambezi River ZAM SAIAB 200752.1
[l— “Lacustricola” katangae Zambezi River NAM SAIAB 200804.1
“Lacustricola” katangae Lualaba River DRC MRAC C7

“Lacustricola” katangae Zambezi River NAM SAIAB 200804.2

{[ “Lacustricola” katangae Thamalakane River BOT SAIAB 98252.1

“Lacustricola” katangae Zambezi River NAM SAIAB 200804.3

L acustricola katangae Nkanini River RSA  SAIAB §8640.1
“Lacustricola” katangae Okavango River NAM UFR] 10874.1
“Lacustricola” hutereaui Okavango River NAM  SAIAB 200774.1
“Lacustricola” hutereaui Okavango River NAM ~ SAIAB 200765.1
“Lacustricola” hutereaui Okavango River NAM  SAIAB 200765.2
“Lacustricola” hutereaui Zambezi River NAM  SATAB 200803.1
“Lacustricola” hutereaui Zambezi River NAM ~ SAIAB 200803.2
“Lacustricola” hutereaui Zambezi River NAM  SAIAB 205058.1

“Lacustricola” hutereaui Zambezi River NAM  SAIAB 200814.1
“Lacustricola” hutereaui Shire River MAL UMMZ 241534

“Lacustricola” hutereaui Bangweulu System ZAM MRAC H2

“Poropanchax” normani  UFR] 10881.1

Figure |. Phylogenetic relationships between southern Africa “Lacustricola” haplotypes, based on COI
mitochondrial DNA sequences. Numbers left to the bar indicate posterior probability values and on the
right are bootstrap support values from the maximum likelihood analysis. Asterisks indicate maximum
values. Colours next to each species name correspond to the same colours as depicted in the distribution
map (Figure 2). Abbreviations refer to the country where the specimens were collected: ANG = Angola,
BOT = Botswana, BUR = Burundi, DRC = Democratic Republic of Congo, NAM = Namibia, MAL =
Malawi, MOZ = Mozambique, RSA = Republic of South Africa, ZAM = Zambia.

Results

Molecular phylogenetic analyses

ML and the BI analyses recovered trees with comparable topologies (Fig. 1). Haplotypes
belonging to the ” Lacustricola” hutereaui group were recovered as sister to all the south-
ern African “Lacustricola” haplotypes, being supported by maximum support values (Fig.
1). The “L.” hutereaui group contains two genetic lineages, one comprising haplotypes
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Figure 2. Southern Africa “Lacustricola” distribution maps. Spots correspond to the exact localities for

the haplotypes included in this study, and the shaded area refers to the inferred distribution for each spe-
cies. Map A yellow — “Lacustricola” hutereaui; grey — “L.” johnstoni; brown — “L.” myaposae; and purple
— “L.” jubbi. Map B dark green — “L.” macrurus; orange — “L.” mediolateralis; red — “L.” katangae; light

«

blue — “L.” centralis; blue — “L.” aff. johnstoni ‘Okavango’; light green — “L.” aff. johnstoni ‘Congo’.

derived from specimens of the Zambezi and Okavango region and the other comprising
a haplotype from the Lualaba River, a major tributary of the Congo River basin (Fig. 2).
Haplotypes of “Lacustricola” katangae and “L.” mediolateralis (Poll, 1967) were recovered
as sister groups. “Lacustricola” katangae haplotypes were found to be broadly distributed,
occurring in the Congo, Upper Zambezi and Okavango river systems (Figs 1, 2).

Haplotypes including “L.” centralis (Seegers, 1996), from the Malagarasi River in
eastern Africa, and an undescribed species which occurs in the Okavango drainage, here-
in named “Lacustricola” aff. johnstoni “Okavango” were recovered as sister groups (Figs
1, 2). However, the relationship between haplotypes of “L.” centralis, “L.” aff. johnstoni
“Okavango”, “L.” katangae and “L.” mediolateralis had low support. The analyses recov-
ered a well-supported clade containing “L.” johnstoni s.s., “L.” myaposae, “L.” jubbi, “L.”
macrurus and an undescribed species, “L.” aff. johnstoni “Congo” (Fig. 1). Haplotypes
of “Lacustricola” jubbi were recovered as the basally diverging lineage which is sister to a
clade containing two sister species, “L.” myaposae and “L.” johnstoni s.s.

“Lacustricola” johnstonis. s. is widely distributed in southern Africa, with a range extend-
ing from the Lower Zambezi system (i.c., the Shire River/Lake Malawi system), through
the Middle and Upper Zambezi to the Okavango system and the Bangweulu catchment
in the Congo River system (Fig. 2). “Lacustricola” myaposae is endemic to the eastward
draining river systems of the Maputaland region in South Africa and Mozambique (Fig.
2). “Lacustricola” jubbi, which was previously placed in the deep bodied Hypsopanchax
genus occurs in the Upper Zambezi from where it was first described, and in the Lualaba
River, Upper Congo River system, where it co-occurs with “L.” aff. johnstoni “Congo” (Fig.
2). “Lacustricola” macrurus is endemic to the Kwanza River system and the adjacent Lake
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Sarmento at Marimba, Angola, that drains into the Congo River system (Fig. 2). Given
the existence of several unidentified lineages within the southern “Lacustricola” clade, the

. . . . . « » . . « »
present study aims to provide comprehensive redescriptions of “L.” johnstoni s. s. and “L.
myaposae as part of a long-term effort to revise the taxonomy of this genus.

Taxonomic accounts

“Lacustricola” johnstoni (Giinther, 1894)
Figures 3, 4

Haplochilus johnstoni Guinther, 1894: 627 [original description: Mangochi (former
Fort Johnston), Malawi].

Material examined. BMNH 1893.11.15.95, Lectotype; BMNH 1893.11.15.92-
94,96-99, 7 Paralectotypes; Mangochi (former Fort Johnston), Malawi. Examined by
photographs and x-rays — SAIAB 35820, 18 (5 C&S), 24.7-35.4 mm SL; Upper Shire
River, Mangochi, Malawi, 14°26'60"S, 35°15'60"E; col: D. Tweddle & N. G. Wil-
loughby; 19 Sep. 1971. — SAIAB 8311, 3, 31.3-32.5 mm SL; Shire River, Liwonde,
Malawi; col: D. Tweddle & N. G. Willoughby; 20 Oct. 1975. — SAIAB 34384, 1, 29.1
mm SL; Shire River, Liwonde Barrage, Malawi, 15°04'S, 35°13'E; col: D. Tweddle &
P. Skelton; 26 Oct. 1989. — SAIAB 34388, 1, 35.7 mm SL; Monkey Bay, Lake Malawi,
Malawi, 14°04'S, 34°55'E; 17 Oct. 1989. — SAIAB 40800, 15 (4 C&S), 30.1-33.2
mm SL; Bridge over Dwambadzi River, Malawi, 12°14'S, 33°59'E; col: D. Tweddle &
P. Skelton; 06 Sep. 1992. — SAIAB 11237, 7, 26.2-36.2 mm SL; Monkey Bay, Lake
Malawi, Malawi, 14°3'00"S, 34°55'00"E; col: D.H. Eccles; 31 Oct. 1974. — SAIAB
11876, 8, 27.2-34.7 mm SL; Shire River, Liwonde Barrage, Malawi, 15°3'37"S,
35°13'7"E; col: D. Tweddle & T. Makinen; 27 May. 2011.

Diagnosis. “Lacustricola” johnstoni is distinguished from all congeners from the
“L.” katangae clade by the absence of a zigzag black mark along the flank (vs. presence);
and from congeners belonging to the “L.” hutereaui clade by the absence of a barred
dorsal, anal and caudal-fins and also by the absence of a conspicuous reticulate pattern
on scale margins. It is further distinguished from all congeners except “L.” myaposae
and “L.” moeruensis by the presence of orange dorsal, anal and caudal-fins in females
(vs. hyaline); it is distinguished from “L.” myaposae by the presence of a bluish coloura-
tion in the posterior region of flank (vs. light purple colouration); a slender body pro-
file, male body depth 20.6-24.4% of SL (vs. 26.0-30.9% of SL), female body depth
19.7-22.5% of SL (vs. 22.8-25.1% of SL); a shorter dorsal-fin base length in males
8.7-11.6% of SL (vs. 11.9-13.1% of SL) and in females 7.3—10.1% of SL (vs. 10.8—
11.6% SL); a less deep head in males 61.9-67.0% of HL (vs. 70.7-79.8% of HL) and
in females 59.4-63.5% of HL (vs. 66.6-69.6% of HL); and a hyaline pectoral-fin in
males (vs. orange). Other morphometric characters presenting a slight overlap but use-
ful in distinguishing “L.” johnstoni from “L.” myaposae are: a comparatively narrow cau-



Diversity within the southern Africa Lacustricola and species redescriptions 99

dal peduncle, depth of 12.6-14.5% of SL in males and 11.2-12.7% of SL in females
(vs. 14.0-17.1% of SL in males and 12.9-13.7% of SL in females); a comparatively
elongated caudal-fin, 30.1-33.8% of SL in males and 28.9-31.2% of SL in females (vs.
27.5-30.2% of SL in males and 25.3-28.5% of SL in females); and a comparatively
deep, laterally compressed head, 57.1-63.2% of HL in males and 59.0-64.7% of HL
in females (vs. 63.1-67.9% of HL in males and 65.3-68.1% of HL in females). “Lacus-
tricola” johnstoni is distinguished from “L.” moeruensis by a comparatively slender body
and a more backward positioned dorsal-fin, first proximal radial of dorsal-fin between
neural spine of vertebrae 16 and 17 (vs. 13 and 14).

Description. Morphometric data are presented in Table 1. Maximum recorded
adult size 35.6 mm SL. Dorsal profile of body approximately straight to slightly convex
from snout tip to dorsal-fin origin; convex along dorsal-fin base. Ventral profile convex
from lower jaw to beginning of anal-fin base; slightly convex along the anal-fin base
and nearly straight on caudal peduncle. Anterior portion of body laterally compressed,
becoming more compressed behind anal-fin origin.

There is clear sexual dimorphism in fin shape and size (Figs 3, 4). In males, dorsal-
fin is rounded and elongated, almost reaching the caudal-fin base; its origin in vertical
between 7* and 9* anal-fin rays; anal-fin rounded and elongated, reaching middle of the
caudal peduncle. Pelvic-fin length variable, reaching between urogenital papillae aper-
ture and the base of third anal-fin ray. In females, dorsal and anal-fins are not elongated
and do not extend posteriorly to caudal-fin base. Caudal-fin slender in both sexes. Pec-
toral-fin elliptical, in both males and females, its posterior margin reaching vertical just
behind pelvic-fin base. In females, pelvic-fin shorter than in males, tip reaching region
just before urogenital opening. In both males and females, dorsal-fin rays 7(17), 8(13)
and 9(2); anal-fin rays 12(4), 13(12), 14(14) and 15(2); caudal-fin rays 19(2), 20(10),
21(17), 22(2) and 23(1); pectoral-fin rays 12(13), 13(18) and 14(1); pelvic-fin rays 6.

Frontal squamation G-patterned (Fig. 5). Head neuromasts placed in shallow
grooves. Cephalic lateral line system: anterior portion of supraorbital sensory canal
open, with three neuromasts, anteriormost one anteriorly displaced from the other
two; posterior portion open, with three exposed neuromasts; anterior infra-orbital
canal partially closed, with two pores and one free neuromast, but in juveniles and
subadults all anterior infraorbital canal can be open; median portion of infra-orbital
region with series of nine to eleven minute neuromasts; posterior infra-orbital canal
closed, with two pores; preopercular canal closed in both dorsal and ventral portions
with seven or eight pores; mandibular canal represented by two neuromasts, one in
vertical through corner of mouth and the other anteriorly positioned in the lower jaw
ventral portion. Longitudinal series of scales 27(3), 28(18), 29(9); transverse series of
scales 7; circumpeduncular scales 10; predorsal scales 17(1), 18(18), 19(11).

Osteology. Osteological structures are presented in Fig. 6. Mesethmoid and vomer
absent. Frontals, anterior margin, extending anteriorly between nasals. Parasphenoid
medial process short, not contacting pterophenoid; anterior margin rounded. Later-
al ethmoid overlapping with anterior portion of parasphenoid. Posterior process of
supraoccipital long, reaching first vertebra. Lachrymal rectangular. Premaxillary and
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Table I. Morphometric data of “Lacustricola” johnstoni and “L.” myaposae.

“Lacustricola” joh i “Lacustricola” myaposae

males (V= 12) females (IV = 10) males (V=7) females (IV = 4)
Standard length (mm) 29.0-34.6 27.7-35.6 31.3-38.1 30.2-39.0
Percent of standard length
Body depth 20.6-24.4 19.7-22.5 26.0-30.9 22.8-25.1
Caudal peduncle depth 12.6-14.5 11.2-12.7 14.0-17.1 12.9-13.7
Pre-dorsal length 67.6-73.9 71.6-73.9 67.5-72.3 68.5-70.7
Pre-pelvic length 43.0-48.6 44.9-49.7 45.1-49.5 46.4-47.8
Length of dorsal-fin base 8.7-11.6 7.3-10.1 11.9-13.1 10.8-11.6
Length of anal-fin base 16.8-21.1 13.2-16.6 16.0-20.0 15.0-16.2
Caudal-fin length 30.1-33.8 28.9-31.2 27.5-30.2 25.3-28.5
Pectoral-fin length 18.6-22.1 18.8-20.8 18.7-22.4 17.5-19.5
Pelvic-fin length 15.5-22.8 13.2-14.6 14.0-18.0 11.9-12.9
Head length (mm) 6.9-8.4 6.2-7.9 8.2-9.5 7.2-9.8
Percent of head length
Head depth 61.9-67.9 59.4-63.5 70.7-79.8 66.6-69.6
Head width 57.1-63.2 59.0-64.7 63.1-67.9 65.3-68.1
Snout length 21.0-23.9 19.2-23.4 20.7-22.8 22.2-24.4
Lower jaw length 9.5-12.3 8.7-11.0 9.8-14.3 8.9-11.2
Eye diameter 35.7-39.5 36.2-41.1 35.8-38.5 37.2-39.2

dentary teeth well developed. Retroarticular triangular or subtriangular. Dentary deep.
Dorsal process of maxilla broad overlapping the ascending process of premaxilla; ven-
tral process greatly reduced, consisting of a rounded ventromedial bulge. Ventral arm
of maxilla broad, laterally expanded. Medial surface of premaxilla ascending process
with a straight or slightly concave profile. Entopterygoid posterior portion and sym-
pletic bone keel deep. Opercle triangular, anterodorsal process present. Anterior process
of anterior ceratohyal does not extend ventrally to ventral hypohyal. Urohyal ventral
margin concave. First and second basibranchials with expanded lateral bone flanges.
Cartilaginous portion of basihyal shorter than osseous portion. Fourth ceratobranchial
anterior third with teeth. Second pharyngobranchial plate with teeth. First epibranchi-
al base, broad, more than three times anterior portion width. Supracleithrum rounded.
Posttemporal rod-like, ventral arm absent. Cleithrum bony flange not covering scapula
foramen. Ventral postcleithrum, slender, similar in width to adjacent first pelural rib.
Basipterygium, posterior process, shorter or about the same size of medial process.
Anal-fin proximal radials about the same length and parallel to each other. Hypurals
completely fused. Parahypural proximal end overlapping the preural centrum. Total
vertebrae 30(4) and 31(5), precaudal 13(2) and 14(7) and caudal 16(1), 17(4) and
18(4). First proximal radial of dorsal-fin between neural spine of vertebrae 16 and 17.
First proximal radial of anal-fin between pleural rib of vertebrae 11 and 13. Gill rakers
on first branchial arch 10(1) and 11(3). Branchiostegal rays 5.

Colouration in alcohol. Overall colouration of body pale brown yellow with
minute chromatophores sparsely distributed, and some organised chromatophores
forming an inconspicuous reticulate pattern along flank scales margin (Fig. 3). Ventral
surface scarcely pigmented. Pale brown chromatophores along whole mid-body line of
flank. Head overall colouration yellowish brown. Brown chromatophores on dorsum
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Figure 3. “Lacustricola” johnstoni preserved colouration: A male SAIAB 118776, 34.7 mm SL B female
SAIAB 118776, 32.0 mm SL; from Shire River at Liwonde Barrage, Malawi.

Figure 4. “Lacustricold” johnstoni colouration in life: A male SAIAB 118776, 31.0 mm SL B female
SAIAB 118776, 26 mm SL; from Shire River at Liwonde Barrage, Malawi.

of head. Minute chromatophores concentrated in the lower jaw and pre-orbital region,
forming a distinct darker region. Iris silver, darker close to pupil; dark pigment concen-
trated on dorsal margin of eye. All fins hyaline in females, with melanophores sparsely
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Figure 5. Cephalic pores and head squamation pattern: A, B head dorsal and lateral view of “L.” john-
stoni € head lateral view of “L.” myaposae.

concentrated only on fins membranes and along fin rays; melanophores forming small
inconspicuous spots on male dorsal-fins, rarely forming two distinct bands; melano-
phores forming two distinct parallel dark bands in the anal-fin medial portion; region
close to anal-fin rays insertion hyaline; caudal-fin with conspicuous dark blotches in
the middle rays that could be organised in distinct bands or not; pectoral and pelvic-
fin with melanophores sparsely concentrated on fins membranes and along fin rays.
Female urogenital opening pocket scales with dark brown chromatophores.

Colouration in life. Males (Fig. 4A). Flanks bright blue, with small scattered
bright green dots. Cupric iridescent blotch on region just posterior to pectoral-fin.
Dorsum yellow-brown. Ventral surface white between head and region anterior to
pelvic-fin origin; bright blue between pelvic-fin and the end of the anal-fin insertion;
ventral region of caudal peduncle whitish yellow. Side of head predominantly bluish
silver, dorsal portion yellow-brown, post-orbital region with a distinct green bright
blotch. Iris dark grey, light yellow close to pupil. Eye bright silver on dorsal portion.
Lower jaw and pre-orbital region dark brown-grey, forming a distinct horizontal band.
Pectoral-fin hyaline; all other fins yellowish brown with brown dots on fins arranged
in distinct rows. Dorsal-fin with two to four rows; anal-fin with two to three rows; and
caudal-fin with four to five rows, but in some specimens the brown dots are scattered
over the fin and not arranged in distinct rows. Some males may present a distinct black
distal margin on anal, dorsal and caudal-fins.

Females (Fig. 4B). Flanks bright blue. Cupric iridescent blotch on region just posterior
to pectoral-fin. Dorsum yellow-brown. Venter white between head and region just anterior
to urogenital opening; bright blue between region just anterior to urogenital opening and
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Figure 6. Osteological plate of “L.” johnstoni (SAIAB 35820) from the Upper Shire River, Mangochi, Ma-
lawi. A Lachrymal B neurocranium, ventral view € neurocranium dorsal view D ventral post-cleithrum
and first pleural rib, lateral view E anal-fin radials and proximal radials, left lateral view F caudal-fin
skeleton, left lateral view G dorsal-fin radials and proximal radials, left lateral view H left branchial arches
ventral portion, ventral view I right dorsal portion of branchial arches, ventral view J urohyal, left lateral
view K left basipterygium, dorsal view L left shoulder girdle, lateral view M right hyoid bar, lateral view
N left jaws, jaws suspensorium and opercular apparatus, lateral view. Scale bars: 1 mm.
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anal-fin insertion; whitish yellow along the anal-fin insertion to caudal peduncle. Scales
around urogenital opening covered with dark chromatophores. Side of head predominant-
ly bluish silver, ventral portion white, dorsal portion yellow-brown, post-orbital region with
a distinct green bright blotch. Iris dark grey, light yellow close to pupil. Eye bright silver
on dorsal portion. Lower jaw and pre-orbital region dark brown-grey, forming a distinct
horizontal band. Pectoral and pelvic-fins hyaline; dorsal-fin orange, distal margin hyaline;
anal-fin base hyaline, distal portion orange; caudal-fin orange, distal region hyaline.
Distribution and habitat. “Lacustricola” johnstoni is a widespread species occurring
in the Lower, Middle and Upper Zambezi River, including the Shire River and Lake Ma-
lawi, the Limpopo River, and is also present in the Okavango system (Fig. 2). The species
is usually found associated with marginal vegetation along the banks of small and large
rivers, or in swampy areas, as well as along the shores of Lake Malawi and Lake Kariba.

“Lacustricola” myaposae (Boulenger, 1908)
Figures 7, 8

Haplochilus myaposae Boulenger 1908:232 [original description: Myaposa River, Zulu-
land, KwaZulu-Natal, South Africa].

Material examined. BMNH 1907.4.17.88, Lectotype; Myaposa River, Kwazulu-Na-
tal, South Africa. Examined by photographs and x-rays. SAIAB 96619, 10 (2 C&S),
18.1-27.9 mm SL; Mhlathuze, KwaZulu-Natal, South Africa 28°50'18"S, 31°54'41"E;
col: B. Ellender, O. Weyl & R. Karsing; 27 May. 2010. — SAIAB 88658, 31 (6 C&S),
21.3-38.0 mm SL; Bridge at Mseleni, KwaZulu-Natal, South Africa, 27°21'49"S,
32°31'33"E; col: B. Kramer, E. Swartz, PT. Maake; 31 Oct. 2009. — SAIAB 96560, 1,
30.2 mm SL; Nseleni River Nature Reserve, KwaZulu-Natal, South Africa, 28°41'57"S,
32°0'4"E; col: R. Jones, O. Weyl; B. Ellender & R. Karsing; 23 May. 2010. — SAIAB
86637, 1, 34.0 mm SL; St Lucia area 2, KwaZulu-Natal, South Africa, 28°20'44"S,
32°21'14"E; col: R. Karssing, J. Craigie, S. Khubela, R. Ndlhovu, A. Xoswa; 08 Sep.
2009. — SAIAB 47128, 1, 40.5 mm SL; KwaZulu-Natal, South Africa; 31 Jan. 1989.
— SATIAB 83143, 2, 38.1-38.2 mm SL; Greater St Lucia Wetland Park, Ozabeni, Oval-
weni crossing, KwaZulu-Natal, South Africa, 27°38'59"S, 32°38'9"E; col: ].D. Craigie
& R. Karssing; 29 May. 2007. — SAIAB 96591, 9 (2 C&S), 21.1-36.2 mm SL; Up-
per Nseleni in sugar Estate, Richards Bay, KwaZulu-Natal, South Africa, 28°40'27"S,
31°57'51"E; col: B. Ellender, O. Weyl & R. Karsing; 24 May. 2010. — SAIAB 83149,
3, 34.7-38.1 mm SL; Greater St Lucia Wetland Park, Ozabeni, Samango crossing,
KwaZulu-Natal, South Africa, 27°37'3"S, 32°33'2"E; col: N. Rivers-Moore & R.
Karssing; 30 May. 2007. — SAIAB 208915, 6; Makat Farm in Jamela, Mposa River, a
tributary of the Nseleni River, KwaZulu-Natal, South Africa, 28°39'18"S, 32°01'48"E;
col: A. Chakona, N. Mazungula & B. Motshegoa; 4 Sep. 2015.

Diagnosis. “Lacustricola” myaposae is distinguished from all congeners from the
“L.” katangae clade by the absence of a zigzag black mark along the flank (vs. presence);
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and from congeners belonging to the “L.” hutereaui clade by the absence of barred
dorsal, anal and caudal-fins and also by the absence of a conspicuous reticulate pattern
on scales margin. It is further distinguished from all congeners except “L.” johnstoni
and “L.” moeruensis by the presence of an orange dorsal, anal and caudal-fins in fe-
males (vs. hyaline); it is distinguished from “L.” johnstoni and “L.” moeruensis by the
presence of light purple colouration in the posterior region of flank (vs. absence); an
orange pectoral-fin in males (vs. hyaline); and by a distinct colouration pattern in both
dorsal and anal-fins in which melanophores become continuously more concentrated
close to fin margins, forming a grey zone before the margin become entirely dark (vs.
absence of this colouration pattern). “Lacustricola” myaposae is further distinguished
from “L.” johnstoni by a deeper body profile, males body depth 26.0-30.9% of SL (vs.
20.6-24.4%of SL), females body depth 22.8-25.1% of SL (vs. 19.7-22.5% of SL); a
longer dorsal-fin base length in males 11.9—13.1%of SL (vs. 8.7-11.6% of SL) and in
females 10.8-11.6% SL (vs. 7.3-10.1% SL); and a deeper head in males 70.7-79.8%
of HL (vs. 61.9-67.0% of HL) and in females 66.6—-69.6% of HL (vs. 59.4—63.5% of
HL). Other morphometric characters presenting a slight overlap but useful in distin-
guishing “L.” myaposae from “L.” johnstoni are: a deeper caudal peduncle, 14.0-17.1%
of SL in males and 12.9-13.7% of SL in females (vs. 12.6—-14.5% of SL in males and
11.2-12.7% of SL in females); a shorter caudal-fin, 27.5-30.2% of SL in males and
25.3-28.5% of SL in females (vs. 30.1-33.8% of SL in males and 28.9—31.2% of SL
in females); and a deeper head, 63.1-67.9% of HL in males and 65.3-68.1% of HL in
females (vs. 57.1-63.2% of HL in males and 59.0-64.7% of HL in females).

Description. Morphometric data are presented in Table 1. Maximum recorded
adult size 39.0 mm SL. Dorsal profile of body approximately straight to slightly convex
from snout tip to dorsal-fin origin; convex along dorsal-fin base, and nearly straight on
caudal peduncle. Ventral profile convex from lower jaw to beginning of anal-fin base;
slightly convex along the anal-fin base and nearly straight on caudal peduncle. Caudal
peduncle slightly deeper in males. Anterior portion of body laterally compressed, be-
coming more compressed behind anal-fin origin.

Dorsal-fin rounded in males not reaching caudal-fin base; its origin in vertical
between 6 and 7* anal-fin rays. (Fig. 7) Anal-fin rounded in males, tip not reaching
vertical through dorsal-fin tip. Dorsal and anal-fins are not elongated in females. Cau-
dal-fin slender. Pectoral-fin elliptical, its posterior margin reaching vertical just behind
pelvic-fin base. Pelvic-fin length in males longer than in females, reaching urogenital
papillae aperture; short in females, tip reaching region just before urogenital opening.
Pelvic-fin bases medially separated by interspace broader than width of each pelvic-fin
base. Dorsal-fin rays 8(7), 9(20), 10(10) and 11(2); anal-fin rays 12(1), 13(9), 14(14)
and 15(15); caudal-fin rays 20(3), 21(7), 22(9), 23(6), 24(9), 25(3) and 26(1); pecto-
ral-fin rays 11 (2), 12(18) and 13(19); pelvic-fin rays (6).

Frontal squamation G-patterned (Fig. 5). Head neuromasts placed in shallow
grooves. Cephalic lateral line system: anterior portion of supraorbital sensory canal
open, with three neuromasts, anteriormost one anteriorly displaced from the other
two; posterior portion open, with three exposed neuromasts; anterior infra-orbital ca-
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Figure 7. “Lacustricola” myaposae preserved colouration: A male SAIAB 96591, 31.7 mm SL B female
SAIAB 96591, 35.7 mm SL; from Nseleni River, KwaZulu-Natal, Republic of South Africa.

nal partially closed, with three pores and one free neuromast, but in juveniles and
subadults all anterior infraorbital canal can be opened with three exposed neuromasts;
median portion of infra-orbital region with series of eight to nine minute neuromasts;
posterior infra-orbital canal closed, with two pores; preopercular canal closed in both
dorsal and ventral portions with seven pores; mandibular canal represented by two
neuromasts, one in vertical through corner of mouth and the other anteriorly posi-
tioned in the lower jaw ventral portion. Longitudinal series of scales 26(14), 27(11),
28(8), 29(1); transverse series of scales (7); circumpeduncular scales (10); predorsal
scales 16(17), 17(16), 18(3).

Osteology. Osteological structures are presented in Fig. 6. Mesethmoid and vomer
absent. Frontals, anterior margin, extending anteriorly between nasals. Parasphenoid
medial process short, not contacting pterosphenoid; anterior margin rounded. Lat-
eral ethmoid overlapping with anterior portion of parasphenoid. Posterior process of
supraoccipital long, reaching first vertebra. Lachrymal rectangular. Premaxillary and
dentary teeth well developed. Retroarticular triangular or subtriangular. Dentary deep.
Dorsal process of maxilla broad overlapping the ascending process of premaxilla; ven-
tral process greatly reduced, consisting of a rounded ventromedial bulge. Ventral arm of
maxilla broad, laterally expanded. Medial surface of premaxilla ascending process with
a straight or slightly concave profile. Entopterygoid posterior portion and sympletic
bone keel deep. Opercle triangular, anterodorsal process present. Anterior process of
anterior ceratohyal does not extend ventraly to ventral hypohyal. Urohyal ventral mar-
gin concave. First and second basibranchials with expanded lateral bone flanges. Carti-
laginous portion of basihyal shorter than osseous portion. Fourth ceratobranchial an-
terior third with teeth. Second pharyngobranchial plate with teeth. First epibranchial
base, broad, more than three times anterior portion width. Supracleithrum rounded.



Diversity within the southern Africa Lacustricola and species redescriptions 107

Posttemporal rod-like, ventral arm absent. Cleithrum bony flange not covering scapula
foramen. Ventral postcleithrum slender, similar in width to adjacent first pelural rib.
Basipterygium, posterior process, shorter or about the same size of medial process.
Anal-fin proximal radials about the same length and parallel to each other. Hypurals
completely fused. Parahypural proximal end overlapping the preural centrum. Total
vertebrae 28(1), 29(8) and 30(1), precaudal 12(9) and 13(1) and caudal 16(2), 17(7)
and 18(1). First proximal radial of dorsal-fin between neural spine of vertebrae 13 and
14. First proximal radial of anal-fin between pleural rib of vertebrae 11 and 12. Gill
rakers on first branchial arch 9(1), 10(2) and 11(1). Branchiostegal rays 5.

Colouration in alcohol. Overall colouration of body pale brownish yellow with
minute chromatophores sparsely distributed, and some organised chromatophores form-
ing an inconspicuous reticulate pattern along margins of flank scales, more conspicuous
along the longitudinal series of scales on mid-body line of flank (Fig. 7). Ventral surface
scarcely pigmented. Pale brown chromatophores along whole mid-body line of flank.
Head overall colouration yellowish brown. Dark brown chromatophores on dorsum of
head. Minute chromatophores concentrate in the lower jaw and pre-orbital region, form-
ing a distinct darker region. Iris silver, darker close to pupil; dark pigment concentrated
on dorsal margin of eye. All fins hyaline in females, with melanophores sparsely concen-
trated only on fins membranes and along fin rays; high concentration of melanophores
on males dorsal-fin, with small hyaline spots on fin membrane, close to rays insertion;
dorsal-fin margin dark; melanophores on anal-fin becoming continuously more concen-
trated close to fin margin; region close to anal-fin rays insertion hyaline; caudal-fin with
conspicuous dark blotches in the middle rays that could be organised in distinct bands or
not, melanophores on fin distal portion becoming continuously more concentrate close
to fin margin; pelvic-fin dark, with numerous small chromatophores; pectoral-fin with
chromatophores sparsely concentrated on fins membranes and along fin rays. Female
urogenital opening pocket scales with few sparse dark brown chromatophores.

Colouration in life. Males (Fig. 8A). Flanks yellow brown, scattered with yellow-
green metallic dots along the flank; posterior region of flank purple, more conspicu-
ous posteriorly on caudal peduncle. Small cupric iridescent blotch on flank region just
posterior to pectoral-fin. Dorsum yellow-brown. Ventral surface white between lower
jaw and opercle margin; light yellow between opercle margin and urogenital open-
ing; greyish brown between urogenital opening and caudal peduncle. Side of head
predominantly bluish silver, dorsal portion yellow-brown, post-orbital region with
a distinct green bright blotch. Iris dark grey, light yellow close to pupil. Eye bright
silver on dorsal portion. Lower jaw and pre-orbital region dark brown-grey, forming
a distinct horizontal band. Pectoral-fin base hyaline, distal portion orange; pelvic-fin
yellow with dark chromatophores on fins tip; anal-fin with two orange-brown rows
and melanophores on becoming continuously more concentrate close to fin margin;
dorsal-fin orange-yellow with two-three dark bars on its posterior portion, margin
black; caudal-fin orange-yellow with three vertical bands that could be organised in
distinct bands or not, melanophores on fin distal portion becoming continuously
more concentrate close to fin margin.
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Figure 8. “Lacustricola” myaposae colouration in life: A male SAIAB 208915, 33.0 mm SL B female
SAIAB 208915, 35.2 mm SL; from Nseleni River, KwaZulu-Natal, Republic of South Africa.

Females (Fig. 8B). Flanks bright blue, scattered with green metallic dots along the
flank; posterior region of flank purple, more conspicuous posteriorly on caudal pe-
duncle. Cupric iridescent blotch on region just posterior to pectoral-fin. Dorsum yel-
low-brown. Venter white between head and pelvic-fin insertion; bright blue between
pelvic-fin and end of caudal-fin; grey on caudal peduncle. Scales around urogenital
opening covered with dark chromatophores. Side of head predominantly bluish silver,
ventral portion white, dorsal portion yellow-brown, post-orbital region with a distinct
green bright blotch. Iris dark grey, light yellow close to pupil. Eye bright silver on
dorsal portion. Lower jaw and pre-orbital region dark brown-grey, forming a distinct
horizontal band. Pectoral-fin first rays orange-brown; pelvic-fin hyaline, with a faint
orange colouration on fin base; dorsal-fin orange, distal margin hyaline; anal-fin base
hyaline, distal portion orange; caudal-fin orange, distal region hyaline.

Distribution and habitat. “Lacustricola” myaposae is only known from the coastal
river drainages and lacustrine systems in Kwazulu-Natal Province of South Africa to
coastal lagoons south of the Maputo River in Mozambique (Fig. 2). The species is usu-
ally found associated with marginal vegetation along the banks of small and large riv-
ers in freshwater. Despite occurring in a coastal area, little is known about the salinity
tolerance capacity of “L.” myaposae.

Remarks. Only one specimen was found among the syntypes (original catalogue
number BMNH 1907.4.17.88-89) of “Lacustricola” myaposae, one specimen is miss-
ing (pers. comm. James Maclaine), thus this remaining individual was designated as
the Lectotype (BMNH 1907.4.17.88).
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Discussion

The present study provided the first insight into the phylogenetic diversity and rela-
tionships between the southern Africa “Lacustricola” species. Among the major chal-
lenges and impediments for taxonomic studies within this genus is the assumption
that some species (e.g. “L.” katangae, “L.” johnstoni, and “L.” hutereaui) are broadly
distributed over southern Africa and the lack of detailed information about species
boundaries. Thus, this paper is a first atctempt to approach both impediments, through
a combined broad COI mitochondrial gene sampling of most southern Africa “Lacus-
tricola” species and the redescriptions of “L.” myaposae and “L.” johnstoni, the latter a
species that has been considered to be widespread in southern Africa. However, it is
worth mentioning that despite no evidence of introgression within the Procatopodi-
dae, considering the presence of sympatric species this is a possibility, and phylogenetic
relationships based only on mitochondrial DNA may fail in identifying that, and not
necessarily reflect the species phylogeny. In addition, another main concern is that
given the limited COI sampling for some regions, the results must be seen as a first
effort in investigating the little-known southern Africa “Lacustricola”.

Both, ML and BI analyses supported “L.” hutereani and “L.” katangae as belonging
to distinct groups, each one with clear distinct colouration patterns. The “Lacustricola”
katangae group (including also “L.” mediolateralis) is easily recognised by the presence
of a zigzag pattern black band along the flank, whereas specimens belonging to the
“L.” hutereaui group have barred dorsal, anal and caudal-fins and a conspicuous re-
ticulate pattern on scale margins. Despite generally having broadly similar distribution
ranges, the contrasting genetic patterns between the “L.” katangae and “L.” hutereaui
groups suggest that these groups had different evolutionary histories in response to the
paleogeographic and paleoclimatic events in the region. “Lacustricola” katangae was
found to be a single widely distributed species with small genetic divergence among
haplotypes and no discernible pattern of geographic structuring across its range which
extends from the KwaZulu Natal Province of South Africa in the south to the Congo
system. In contrast, the “L.” hutereaui group contained two distinct lineages, the first
comprising samples from the Okavango and Zambezi systems, and another one rep-
resented by a single haplotype from the Lualaba River in the Congo system. There
are a number of possibilities regarding taxonomic status of the two lineages identified
within the “L.” hutereaui group. Firstly, they could potentially represent two species
that are new to science. Secondly, one of them could represent “L.” hutereaui from the
northern savannahs of the Congo in the Democratic Republic of Congo, or they could
also potentially represent two known synonyms of “L.” hutereaui, namely “L.” baudoni
(Myers, 1924b) from northern Congo savannahs in Central African Republic, and
“L.” chobensis (Fowler, 1935) from the Chobe River at Kasane, close to the Zambezi
river confluence. Determination of the taxonomic status of these lineages and evalua-
tion of the validity of the two junior synonyms of “L.” hutereaui will require inclusion
of topotypic samples from the type localities of “L.” hutereani and “L.” baudoni which
were not available for the present study.
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One of the key contributions of this paper was provision of detailed redescriptions
of “L.” johnstoni and “L.” myaposae. The lack of a clear diagnosis for “L.” johnstoni in
particular, resulted in this species essentially becoming a “waste basket taxon” for all
slender-bodied topminnows with bluish colouration. This was demonstrated by the
fact that several samples from a number of ichthyological collections that were labelled
as “L.” johnstoni did not form a distinct clade, but instead, some of these samples clus-
tered with other species, for example “L.” macrurus, “L.” centralis and “L.” myaposae.
The incorporation of COI sequences from the type locality of “L.” johnstoni in the
Shire River allowed identification of “L.” johnstoni s. s. and revealed, for the first time,
that specimens with a slender body and bluish colouration are not necessarily con-
specific with this species nor are they closely related to it. For example, Braganga and
Costa (2019) erroneously classified sample (UFR] 10873) as “L.” johnstoni, which in
this study has been recovered as “L.” aff. johnstoni ‘Okavango’, while a juvenile speci-
men that was tentatively identified as “L.” matthesi (UFR] 10894) by the same authors
has been found to correspond to “L.” johnstoni in the present study. Two new candi-
date species were recognised, “L.” aff. johnstoni ‘Congo’ from the upper Lualaba River
in the Congo system that is sister to “L.” macrurus, a species known from the Kwanza
River and upper Kasai River, a Congo River tributary, and “L.” aff. johnstoni ‘Oka-
vango from the Okavango and Upper Zambezi drainages that is sister to “L.” centralis,
the only known southern Africa Lacustricola species occurring in the eastern African
Malagarasi River. The distinction between “L.” johnstoni and “L.” aff. johnstoni ‘Oka-
vango’ in the field or relying only on morphology could be really challenging because
both have the same body profile and occur sympatrically in the Okavango Delta. Thus,
we consider the COI barcoding approach a useful tool in distinguishing both species,
if their distinctiveness is confirmed with additional data apart from COI-barcoding.

Following an integrative taxonomy perspective, in addition to the COI molecular
haplotype analysis, detailed information on the morphology, colouration pattern and
osteology were presented for the first time for the until then little known “L.” johnstoni
and “L.” myaposae. A detailed redescription of “L.” johnstoni, based on specimens from
and close its type locality is herein considered the first step before describing new spe-
cies and investigating more deeply the genetic and species diversity within the broadly
distributed “L.” johnstoni. Despite the broad sampling, further studies directed to fill
important gaps, applying different species delimitation methods and maybe incor-
porating different markers are needed to better understand the diversity within “L.”
Jjohnstoni and other southern Africa Lacustricola groups.
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