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Abstract

A new species of small-sized smiliogastrin barb, Enteromius gamo sp. nov., is described from tributaries to lakes Abaya 
and Chamo in south-western Ethiopia. The new species belongs to a readily diagnosable group commonly identified 
as E. kerstenii, exhibiting a thickened and serrated last unbranched ray in the dorsal fin, a low number of scales in the 
lateral series (≤ 27), and a yellow, orange or reddish blotch on operculum. Pairwise genetic distances between the new 
species from Ethiopia and specimens of E. kerstenii from close to the type locality in north-eastern Tanzania were 7.5–8.3 
% (COI) and 8.9–10.1 % (cytb). Enteromius gamo sp. nov. is morphologically distinguished from E. kerstenii and all 
examined congeners from Tanzania, Kenya, and Uganda primarily by short anterior (15.8–35.1 %, mean 27.4 %, of snout 
length) and posterior (63.2–95.7 %, mean 81.0 %, of snout length) barbels. The new species is known only from wetlands 
and side channels of rivers (Hare, Sile, and Sago) along the western shores of lakes Abaya and Chamo.
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Introduction

High levels of genetic divergence coupled with superficial phenotypic similarity in widely distributed species 
complexes render taxonomy and species delimitation within the smiliogastrin barb genus Enteromius Cope, 1867 
difficult, and many problems remain unresolved. Recent integrative taxonomic studies (e.g., Van Ginneken et al. 
2017; Mamonekene et al. 2018; Schmidt et al. 2018; Englmaier et al. 2020; Maetens et al. 2020; Kambikambi et al. 
2021; Prokofiev et al. 2021; Kisekelwa et al. 2022), however, have renewed interest in this group and provide an 
efficient way to discriminate and describe species within this highly diverse genus.

In Ethiopia, overall species diversity of Enteromius is poorly studied and only 18 species are currently reported 
from the country (Dejen et al. 2002; Golubtsov et al. 2002; Getahun 2007; Habteselassie 2012; Englmaier et al. 
2020; Prokofiev et al. 2021). These have generally been placed in three readily diagnosable groups (Mina et al. 
2017): i) species with a flexible and non-serrated last unbranched ray in the dorsal fin; ii) species with a thickened 
and serrated last unbranched ray in the dorsal fin, and a high number of scales in the lateral series (> 32); and iii) 
species with a thickened and serrated last unbranched ray in the dorsal fin, a low number of scales in the lateral 
series (≤ 27), and a yellow, orange or reddish blotch on operculum.

Within the third group, a single population is currently known from the basins of lakes Abaya and Chamo in the 
Southern Main Ethiopian Rift (SMER) (Golubtsov et al. 2002). Occurrences from this region were last reported in 
2005 and the population may be endangered due to habitat loss as a result of agricultural intensification (Mina et al. 
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2017). Morphological data of this population provided by Golubtsov & Berendzen (2005) indicate a close similarity 
with E. kerstenii (Peters, 1868). Originally described from the north-eastern coast of Tanzania (type locality given 
as: “Auf dem Wege von der Zanzibarküste nach dem Kilimandjàro” (Peters 1868: p. 601), translated as “on the way 
from the coast of Zanzibar to Kilimanjàro”, and probably referring to Bagamoyo according to Greenwood (1962: p. 
169)), E. kerstenii is thought to be widely distributed in central, eastern, and southern Africa with its northernmost 
limit in Ethiopia (Greenwood 1962; Skelton 2001; Golubtsov et al. 2002; Seegers et al. 2003) (Figure 1). Based on 
the last comprehensive taxonomic revision of this group by Greenwood (1962), five nominal species are currently 
in synonymy with E. kerstenii (see Seegers et al. 2003; Hayes & Armbruster 2017). These comprise (type locality 
drainage in parentheses): E. akeleyi (Hubbs, 1918) (Athi River, Kenya), E. lumiensis (Boulenger, 1903) (Lumi River, 
Tanzania), E. minchini (Boulenger, 1906) (Lake Victoria, Uganda), E. nigrolinea (Pfeffer, 1889) (Rufu [= Pangani] 
River, Tanzania), and E. salmo (Pfeffer, 1896) (Pangani River, Tanzania). However, morphological variability 
described by Greenwood (1962) and considerable genetic divergence between geographically distinct populations 
of E. kerstenii from Kenya and adjacent areas suggest unrecognized diversity in this group (Schmidt et al. 2017).

FIgurE 1. Map of the study area; a schematic distribution range of the Enteromius kerstenii complex (based on Skelton 2001; 
Schmidt et al. 2017); b sampling sites in the basins of lakes Abaya and Chamo in the Southern Main Ethiopian Rift and localities 
of comparative material in genetic and morphological analysis.

During recent field work, specimens of E. kerstenii-like fishes (group iii, as defined above) were re-sampled 
from two sites in the basins of lakes Abaya and Chamo. Here, we present new genetic and morphological data for 
the specimens from the SMER in comparison with the type and/or non-type material of E. kerstenii, E. akeleyi, 
E. lumiensis, E. minchini, E. nigrolinea, and E. salmo from Tanzania, Kenya, and Uganda in order to re-evaluate 
the taxonomic status of the Ethiopian population, and provide new insights into the so-called E. kerstenii complex 
(hereafter referred to simply as E. kerstenii).

Materials and methods

Sampling and preservation

Specimens of Enteromius were collected at the end of the rainy season in November 2023. Collections were made 
from wetlands and irrigation channels connected with tributaries of lakes Abaya and Chamo using frame nets 
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(mesh size 5 mm). Fish specimens were euthanised with clove oil (Eugenia caryophyllata) solution, fixed in 6 
% pH-neutral formalin, and transferred to 75 % ethanol for long-term storage (or fixed directly in 95 % ethanol). 
Voucher specimens collected for the present study were deposited in the Zoological Natural History Museum, Addis 
Ababa, Ethiopia (ZNHM). Comparative museum samples included specimens deposited in the collections of the 
British Museum of Natural History (BMNH) and the Museum für Naturkunde, Leibniz-Institut für Evolutions- und 
Biodiversitätsforschung, Berlin, Germany (ZMB) (Supplementary material: Table S1).

Molecular analyses

Whole-genomic DNA was extracted from ethanol preserved fin clips using the QIAamp DNA Mini and Blood Mini 
Kit (QIAGEN). DNA concentrations were measured with the Qubit Broad Range Kit (Thermo Fisher Scientific).

Partial sequences of the mtDNA genes cytochrome c oxidase I (COI) and cytochrome b (cytb) were amplified 
for seven specimens using the primer combinations described in Behrens-Chapuis et al. (2015) and Bergsten et 
al. (2014), respectively. PCRs comprised 1 µl of template DNA in a 25 µl reaction volume containing 0.5 µl of 
each primer (10 µM), 12.5 µl of Multiplex PCR Master Mix (QIAGEN) and 10.5 µl H2O. The thermocycling 
profile was set at 94°C for 3 min (initial denaturation), followed by 40 cycles of 94°C for 30 sec, 56°C for 30 
sec, 72°C for 90 sec, and a final extension at 72°C for 10 min. The PCR products were purified using the PCR 
Purification Kit (QIAGEN), and sent to Microsynth (Balgach, Switzerland) for bi-directional sequencing using 
PCR primers. Sequences were edited in Chromas v.2.6.6 (https://technelysium.com.au/wp/) and aligned in MEGA 
v.11.0.11 (Tamura et al. 2021). Newly obtained sequences were deposited in the NCBI GenBank nucleotide database 
(https://www.ncbi.nlm.nih.gov/nucleotide/) under accession numbers PP960553–PP960559 (COI) and PP965671– 
PP965677 (cytb) (Supplementary material: Table S1).

Two different datasets were used for subsequent analyses. The first dataset comprised seven original COI 
sequences from Ethiopia and 58 COI sequences of E. kerstenii from Zimbabwe, Tanzania, and Uganda retrieved 
from GenBank. All sequences had a final length of 615 bp, except of three specimens from Zimbabwe (OL311874–
OL311876) with 545 bp, and one specimen from Tanzania (KT199320) with 611 bp. The second dataset included 
seven original cytb sequences from Ethiopia and 26 cytb sequences of E. kerstenii from Tanzania and Kenya 
with a final length of 1,106 bp. Specimens of E. kerstenii identified by Schmidt et al. (2017) as introgressed 
with mitochondrial DNA of E. neumayeri (Fischer, 1884) or E. nyanzae (Whitehead, 1960) were not considered. 
Sequences of E. paludinosus (Peters, 1852) were used as outgroups (Supplementary material: Table S1).

Maximum Likelihood (ML) and Bayesian Inference (BI) approaches were used for phylogenetic inference. 
The best-fit nucleotide substitution model (HKY+F+G4) was identified using ModelFinder (Kalyaanamoorthy et 
al. 2017) based on the Bayesian Information Criterion. ML was performed with IQ-TREE v.1.6.8 (Nguyen et al. 
2015) in PhyloSuite v.1.2.2 (Zhang et al. 2020) using 1,000 standard bootstrap replicates. For BI, MrBayes v.3.2.6 
(Ronquist et al. 2012) was used in PhyloSuite. Two independent Markov Chain Monte Carlo (MCMC) were run 
simultaneously for 5 million generations with sampling trees every 500 generations. Effective sample size values 
(ESS) were assessed in Tracer v.1.7.1 (Rambaut et al. 2018), and the first 25 % of obtained trees were discarded 
as ‘burn-in’. All trees were visualised with FigTree v.1.4.4 (Rambaut 2018). Pairwise distances (uncorrected p-
distances, pairwise deletion of missing data) were calculated using MEGA v.11.0.11.

Morphological analyses

Morphometric measurements (24), meristic counts (25, including six axial skeleton counts), and two coded 
qualitative characters were taken from 105 specimens, following the characters summarised in Englmaier et al. 
(2020) (Supplementary material: Table S2). Measurements were made point-to-point using callipers to the nearest 
0.1 mm. Standard length (SL) is measured from the anteriormost point of the head to the posterior margin of the 
hypurals at midline. The length of the penultimate unbranched dorsal fin ray is measured from radiographs, referring 
to a distance from the base of the ray to its tip. Counts of dorsal and anal fin rays follow Skelton (1980), with the 
posterior two branched rays, located on the last complex proximal pterygiophore of the fins, counted as two. All 
vertebral counts were made from radiographs. The first true caudal vertebra is considered as a vertebra with a “fully 
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developed haemal spine”, i.e. similar in length to the haemal spine of the vertebra behind it. Coded lengths of the 
anterior and posterior barbels follow Lévêque et al. (1987), referring to a distance relative to the eye: 1—barbel 
not reaching anterior margin of the eye, 2—barbel extending between anterior margin of the eye and the middle 
of the eye, 3—barbel extending between the middle of the eye and the posterior margin of the eye, and 4—barbel 
extending beyond posterior margin of the eye.

For multivariate statistical analyses, we used principal component analysis (PCA) and analysed morphometric 
(24 proportional morphometric measurements and two coded characters) and meristic (25 counts) data separately. 
Statistical analyses were performed in Past v.4.11 (Hammer et al. 2001). In some specimens, measurements or 
counts could not be obtained due to damage. To keep these specimens in the analyses, group means (by drainage 
system) were used to substitute this missing data (Supplementary material: Table S3).

results

Molecular analyses

Specimens from Ethiopia were resolved as a distinct lineage based on both COI (Bayesian posterior probability, BPP 
1.00; bootstrap value, bs 100) and cytb (BPP 1.00; bs 100) data (Figure 2). Pairwise distances between the Ethiopian 
population and E. kerstenii from north-eastern Tanzania (Umba River, Pangani River, Wami River), representing 
localities geographically closest to the type locality of E. kerstenii, were 7.5–8.3 % (COI) and 8.9–10.1 % (cytb) 
(Supplementary material: Tables S4–S5). High levels of divergence were observed between geographically distinct 
E. kerstenii from Tanzania, Kenya, Uganda, and Zimbabwe. Most specimens from coastal drainages in Tanzania 
(Umba River, Pangani River, Wami River) and Kenya (Athi River, Tana River) were inferred as a well-supported 
clade based on cytb data (BPP 1.00; bs 96). Only two specimens from the Athi River (KX178168, KX178169) and 
one specimen from the Wami River (KX178187) were distinct from this group (Figure 2). Specimens from the 
Upper White Nile drainage in Uganda, representing the central part of the Albertine Rift, formed a weakly supported 
clade (BPP 0.64) based on COI data. This clade was 5.5–6.7 % divergent from the Ethiopian population.

Morphological analyses

Based on PCA, all Ethiopian specimens were well-separated from type specimens of E. kerstenii, E. lumiensis, 
E. minchini, and E. salmo (Figure 3). Morphometric data allowed clear differentiation between specimens from 
Ethiopia and from other localities in East Africa. Variables that contributed most to discrimination between these 
groups were anterior barbel length (% of snout length), posterior barbel length (% of snout length), horizontal eye 
diameter (% of snout length), interorbital width (% of snout length), and lower-jaw length (% of snout length) 
(Table 1). Meristic data were more similar among specimens examined. Differences were mainly observed in the 
number of scales in the lateral series and the number of serrae on last unbranched dorsal fin ray. The latter primarily 
separating the holotype of E. salmo, with the highest number of serrae (35), from other specimens along PC1 
(Figure 3b).

TAblE 1. Component loadings from principal component analyses (PCA) for morphometric (24 proportional 
morphometric measurements and two coded characters) and meristic (25 counts) data. Bolded values contributing most 
variation along PC1 and PC2.

Morphometric PCA Component Loadings Meristic PCA Component Loadings
PC1 PC2 PC1 PC2

Body depth at pelvic-fin origin 
(% SL)

-0.01110 -0.02504 Number of unbranched dorsal fin rays -0.00494 -0.00333

Minimum caudal-peduncle 
depth (% SL)

-0.00126 -0.00534 Number of branched dorsal fin rays 0.00102 -0.00263

Caudal-peduncle length (% SL) -0.00182 0.01868 Number of unbranched anal fin rays 0.00183 -0.00132
......continued on the next page
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TAblE 1. (Continued)
Morphometric PCA Component Loadings Meristic PCA Component Loadings

PC1 PC2 PC1 PC2
Predorsal length (% SL) 0.01074 -0.02707 Number of branched anal fin rays -0.00000 0.00000
Prepelvic length (% SL) -0.00003 -0.02148 Number of unbranched pelvic fin rays -0.00000 0.00000
Preanal length (% SL) 0.00447 -0.04411 Number of branched pelvic fin rays -0.00045 -0.00081
Pelvic-fin length (% SL) 0.00539 0.00306 Number of unbranched pectoral fin rays -0.00000 0.00000
Pectoral-fin length (% SL) 0.01981 -0.00255 Number of branched pectoral fin rays 0.02198 -0.02553
Head length (% SL) -0.00032 0.01376 Number of principal caudal fin rays 

upper lobe
-0.00221 -0.01519

Head depth at nape (% SL) -0.00541 0.00166 Number of principal caudal fin rays 
lower lobe

0.00159 0.00327

Head depth at nape (% head 
length)

-0.01841 -0.02974 Number of upper caudal fin procurrent 
rays

0.01545 -0.02789

Snout length (% head length) -0.01267 -0.09664 Number of lower caudal fin procurrent 
rays

0.00445 -0.03122

Horizontal eye diameter (% 
head length)

0.02212 0.07435 Total number of lateral series scales -0.12362 0.71332

Interorbital width (% head 
length)

-0.01917 0.04035 Number of lateral series scales to 
posterior margin of hypurals

-0.10271 0.63111

Horizontal eye diameter (% 
snout length)

0.12588 0.57890 Number of scale rows between lateral 
line and dorsal-fin origin

0.00200 0.00224

Interorbital width (% snout 
length)

-0.00350 0.57847 Number of scale rows between lateral 
line and pelvic-fin base

-0.02574 0.09864

Lower-jaw length (% snout 
length)

0.01362 0.41191 Number of scale rows between lateral 
line and anus

-0.02113 0.09451

Anterior barbel length (% snout 
length)

0.72033 -0.21578 Number of circumpeduncular scales -0.00214 0.11260

Posterior barbel length (% 
snout length)

0.67790 0.11055 Total number of vertebrae -0.02063 0.07663

Minimum caudal-peduncle 
depth (% caudal-peduncle 
length)

0.00131 -0.08349 Number of abdominal vertebrae -0.01542 0.09159

Axillary-scale length (% pelvic-
fin length)

-0.03284 -0.02034 Number of caudal vertebrae 0.00139 -0.02924

Length of lower non-serrated 
part of last unbranched 
dorsal fin ray (% length of 
non-segmented part of last 
unbranched dorsal fin ray)

-0.00273 0.18721 Number of predorsal abdominal 
vertebrae

-0.02125 0.07794

Length of upper serrated part of 
last unbranched dorsal fin ray 
(% length of non-segmented 
part of last unbranched dorsal 
fin ray)

0.00273 -0.18721 Number of preanal caudal vertebrae -0.01705 0.04233

Length of penultimate 
unbranched dorsal fin ray (% 
length of non-segmented part of 
last unbranched dorsal fin ray)

0.04554 0.05008 Number of vertebrae between first 
pterygiophores of dorsal and anal fins

-0.00228 0.08958

Anterior barbel coded length 0.01347 -0.00593 Number of serrae on last unbranched 
dorsal fin ray

0.98532 0.16692

Posterior barbel coded length 0.01094 -0.00626
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FIgurE 2. Bayesian Inference (BI) trees based on mitochondrial COI and cytb data, showing phylogenetic relationships within 
the Enteromius kerstenii complex from Ethiopia, Kenya, Tanzania, Uganda, and Zimbabwe. Node support values represent 
Bayesian posterior probability of BI/bootstrap values of Maximum Likelihood. Only values above .80/80 are shown. Specimens 
from the Umba, Pangani, and Wami rivers representing localities closest to the type locality of E. kerstenii; Ent04 representing 
the holotype of E. gamo sp. nov.

FIgurE 3. Results of PCA based on a 24 proportional morphometric measurements and two coded characters and b 25 
meristic counts, comparing specimens of Enteromius from the basins of lakes Abaya and Chamo with type specimens of E. 
kerstenii, E. lumiensis, E. minchini, and E. salmo (indicated by large symbols), and non-type specimens of E. kerstinii from 
localities in Tanzania, Kenya, and Uganda.
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In summary, both genetic and morphological data provide solid support to consider the Ethiopian population of 
Enteromius from the SMER (basins of lakes Abaya and Chamo), with a thickened and serrated last unbranched ray 
in the dorsal fin, a low number of scales in the lateral series (≤ 27), and a yellow or orange blotch on operculum, as 
a distinct species described below. The new species is known only from the basins of lakes Abaya and Chamo in the 
SMER, geographically isolated from the main distribution range of E. kerstenii as given in Figure 1.

Taxonomy

Enteromius gamo sp. nov.
urn:lsid:zoobank.org:act:9686B7D0-FA40-4C78-A33B-4FC44F35E391
Figure 4

Material examined. Holotype (Figure 4b). ZNHM 0080, holotype, 40.0 mm SL, irrigation channel in the floodplain 
of the Lower Hare River (6°3’35’’N, 37°36’2’’E; 1,185 m a.s.l.), Lake Abaya basin, South Ethiopia Regional State, 
Ethiopia, 22.11.2023, coll. G.K. Englmaier and A. Wubie, GenBank accessions PP960556 (COI) and PP965674 
(cytb).

Paratypes. ZNHM 0081, 12, 30.8–44.7 mm SL, same date and locality as holotype. ZNHM 0082, 3, 35.9–37.9 
mm SL, same date and locality as holotype, GenBank accessions PP960557–PP960559 (COI) and PP965675–
PP965677 (cytb). ZNHM 0085, 4, 21.7–39.3 mm SL, irrigation channel connected to the Lower Sile River 
(5°53’31’’N, 37°29’44’’E; 1,122 m a.s.l.), Lake Chamo basin, South Ethiopia Regional State, Ethiopia, 19.11.2023, 
coll. G.K. Englmaier and A. Wubie. ZNHM 0084, 1, 34.1 mm SL, same locality as ZNHM 0085, 20.11.2023, coll. 
G.K. Englmaier and A. Wubie. ZNHM 0083, 3, 28.7–36.5 mm SL, same date and locality as ZNHM 0085, GenBank 
accessions PP960553–PP960555 (COI) and PP965671–PP965673 (cytb).

Diagnosis. Enteromius gamo sp. nov. belongs to a phenotypic group characterised by a thickened and serrated 
last unbranched dorsal fin ray, a low number of scales in the lateral series (≤ 27), and a yellow, orange or reddish 
blotch on operculum. The new species is distinguished from E. kerstenii and all examined congeners from Tanzania, 
Kenya, and Uganda primarily by short anterior (15.8–35.1 % of snout length, not reaching anterior margin of the 
eye) and posterior (63.2–95.7 % of snout length, extending between the middle of the eye and the posterior margin 
of the eye) barbels. It further differs by a short predorsal length, 49.6–56.3 % of SL; short pelvic-fin length, 16.9–
20.7 % of SL, not reaching to anal-fin origin; short pectoral-fin length, 17.4–21.2 % of SL, not reaching to pelvic-fin 
origin; few, 14–15, branched pectoral-fin rays; few, 11, circumpeduncular scales, and few, 10–19 serrae on posterior 
margin of last unbranched dorsal fin ray.

Description. General appearance of E. gamo sp. nov. shown in Figure 4, and relative measurements, meristic 
counts, and coded characters of the holotype and paratypes are given in Table 2 and Supplementary material: 
Table S3.

TAblE 2. Morphometric measurements and meristic counts for Enteromius gamo sp. nov. (ZNHM 0080, holotype; ZNHM 
0081–ZNHM 0085, paratypes), and type specimens of E. kerstenii (ZMB 6818, lectotype; ZMB 32378 paralectotypes).

Character states E. gamo sp. nov., 
ZNHM 0080, 

holotype

E. gamo sp. nov., holotype and 
paratypes

E. kerstenii, 
ZMb 6818, 
lectotype

E. kerstenii, lectotype and 
paralectotypes

n Min Max Mean S.D. n Min Max Mean S.D.
Standard length 
(mm)

40.0 24 21.7 44.7 35.0 5.0 62.8 3 46.7 62.8 54.6 8.1

MORPHOMETRIC DATA
Percent of standard length
Body depth at 
pelvic-fin origin

32.5 24 24.8 32.9 29.9 1.9 33.4 3 28.1 33.4 30.1 2.9

Caudal-peduncle 
length

21.3 24 19.7 23.3 21.6 0.9 20.2 3 20.2 21.0 20.5 0.4

......continued on the next page
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TAblE 2. (Continued)
Character states E. gamo sp. nov., 

ZNHM 0080, 
holotype

E. gamo sp. nov., holotype and 
paratypes

E. kerstenii, 
ZMb 6818, 
lectotype

E. kerstenii, lectotype and 
paralectotypes

n Min Max Mean S.D. n Min Max Mean S.D.

Minimum caudal-
peduncle depth

14.5 24 13.2 14.8 14.0 0.5 15.0 3 12.9 15.0 13.9 1.0

Predorsal length 56.3 24 49.6 56.3 51.8 1.5 54.6 3 53.0 54.6 53.9 0.9
Prepelvic length 49.5 24 48.4 51.7 49.9 0.9 52.5 3 49.1 52.5 50.7 1.7
Preanal length 71.3 24 68.3 73.0 70.9 1.1 76.9 3 72.9 76.9 74.8 2.0
Dorsal-fin depth 27.5 24 24.4 31.5 28.6 1.9 21.7 3 21.7 26.1 24.2 2.4
Anal-fin depth 18.3 24 17.9 21.2 19.5 0.9 18.6 3 16.2 19.7 18.2 1.8
Pelvic-fin length 18.3 24 16.9 20.7 18.6 1.0 21.5 3 20.3 21.5 20.6 1.0
Pectoral-fin length 18.3 24 17.4 21.2 19.5 1.1 22.9 3 22.3 23.1 22.8 1.1
Head length 27.8 24 26.6 29.6 28.0 0.9 29.8 3 26.0 29.8 28.0 1.9
Head depth at nape 20.3 24 18.9 20.8 20.0 0.5 20.4 3 19.2 20.4 19.8 0.6
Percent of caudal-peduncle length
Minimum caudal-
peduncle depth

68.2 24 58.3 72.7 64.8 4.1 74.0 3 63.6 74.0 68.0 5.4

Anal-fin depth 85.9 24 81.0 102.7 90.5 6.3 92.1 3 80.0 93.9 88.7 7.6
Percent of head length
Head depth at nape 73.0 24 67.0 74.5 71.4 2.2 68.5 3 68.5 73.8 70.9 2.7
Snout length 30.6 24 26.4 30.8 29.1 1.2 31.6 3 30.3 31.6 30.8 0.7
Horizontal eye 
diameter

26.1 24 24.5 34.9 28.4 2.4 32.1 3 29.1 32.1 30.5 1.5

Interorbital width 43.2 24 36.3 47.6 41.5 2.6 38.0 3 34.8 38.0 35.9 1.8
Percent of snout length
Horizontal eye 
diameter

85.3 24 83.3 117.4 97.9 10.1 101.7 3 95.4 101.7 99.1 3.3

Interorbital width 141.2 24 117.9 169.6 143.1 11.1 120.3 3 114.0 120.3 116.4 3.4
Lower-jaw length 126.5 24 115.8 154.8 132.4 10.3 127.1 3 127.1 130.0 128.3 1.5
Anterior barbel 
length

32.4 24 15.8 35.1 27.4 5.9 81.4 3 75.0 81.4 78.5 3.2

Posterior barbel 
length

73.5 24 63.2 95.7 81.0 7.4 96.6 3 90.0 100.0 95.5 5.1

Percent of horizontal eye diameter
Anterior barbel 
length

37.9 24 13.6 41.9 28.5 7.7 80.0 3 80.0 82.9 79.3 4.0

Posterior barbel 
length

86.2 24 54.5 100.0 83.5 10.3 95.0 3 90.0 104.9 96.3 7.6

Percent of pelvic-fin length
Axillary-scale 
length

32.9 24 23.4 44.1 31.0 5.5 25.2 3 21.8 25.2 23.8 1.8

Percent of non-segmented part of last unbranched dorsal fin ray (from x-rays)
Length of 
penultimate 
unbranched dorsal 
fin ray

29.6 15 26.4 38.3 32.2 3.7 39.8 3 37.9 51.7 43.1 7.5

Length of lower 
non-serrated part 
of last unbranched 
dorsal fin ray

39.0 15 28.5 40.3 35.3 3.8 34.1 3 32.4 40.6 35.7 4.3

......continued on the next page
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TAblE 2. (Continued)
Character states E. gamo sp. nov., 

ZNHM 0080, 
holotype

E. gamo sp. nov., holotype and 
paratypes

E. kerstenii, 
ZMb 6818, 
lectotype

E. kerstenii, lectotype and 
paralectotypes

n Min Max Mean S.D. n Min Max Mean S.D.

Length of upper 
serrated part of last 
unbranched dorsal 
fin ray

61.0 15 59.7 71.5 64.7 3.8 65.9 3 59.4 67.6 64.3 4.3

CODED CHARACTERS
Anterior barbel 
coded length

1 1(24) 2 2(3)

Posterior barbel 
coded length

3 3(24) 3 3(3)

MERISTIC DATA
Dorsal fin rays III-8 III-8(19) III-8 III-8(3)
Anal fin rays III-6 III-6(19) III-6 III-6(3)
Pelvic fin rays I-7 I-7(24) I-7 I-7(3)
Pectoral fin rays I-14 I-14(16), I-15(8) I-16 I-15(2), I-16(1)
Caudal-fin principal 
rays (upper lobe + 
lower lobe)

9+8 9+8(16), 10+8(1) 9+8 9+8(3)

Caudal-fin 
procurrent rays 
(upper + lower)

8+7 8+7(11), 8+8(1), 9+8(2) 9+8 9+8(2), 10+8(1)

Total number of 
lateral series scales

27 25(5), 26(11), 27(8) 24 24(2), 25(1)

Lateral series scales 
to posterior margin 
of hypurals

25 23(3), 24(9), 25(12) 22 22(1), 23(1), 24(1)

Scale rows between 
lateral line and 
dorsal-fin origin

5 5(24) 5 5(3)

Scale rows between 
lateral line and 
pelvic-fin base

3 3(24) 3 3(3)

Scale rows between 
lateral line and anus

3 3(24) 3 3(3)

Circumpeduncular 
scales

11 11(24) 12 12(3)

Total number of 
vertebrae

33 32(1), 33(13), 34(6) 33 33(3)

Abdominal 
vertebrae

18 17(1), 18(18), 19(1) 18 18(3)

Caudal vertebrae 15 15(15), 16(5) 15 15(3)
Predorsal 
abdominal 
vertebrae

10 8(1), 9(6), 10(13) 9 9(2), 10(1)

Preanal caudal 
vertebrae

0 0(20) 0 0(3)

Vertebrae between 
first pterygiophores 
of dorsal and anal 
fins

8 7(3), 8(13), 9(4) 9 8(1), 9(2)

......continued on the next page
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TAblE 2. (Continued)
Character states E. gamo sp. nov., 

ZNHM 0080, 
holotype

E. gamo sp. nov., holotype and 
paratypes

E. kerstenii, 
ZMb 6818, 
lectotype

E. kerstenii, lectotype and 
paralectotypes

n Min Max Mean S.D. n Min Max Mean S.D.

Supraneural bones 6 5(2), 6(3) 5 5(3)
Serrae on last 
unbranched dorsal 
fin ray

15 10(2), 11(1), 12(2), 13(3), 14(1), 
15(4), 16(2), 17(2), 19(2)

20 13(1), 19(1), 20(1)

FIgurE 4. General appearance of Enteromius gamo sp. nov. from the lower Sile and Hare rivers; a live specimen, ZNHM 
0082, paratype, 36.7 mm SL; b ZNHM 0080, holotype, 40.0 mm SL; c ZNHM 0083, paratype, 36.5 mm SL.
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Longest examined specimen 44.7 mm SL (ZNHM 0081). Body moderately compressed. Dorsal head profile 
and predorsal back straight or slightly concave. Postdorsal back outline slightly convex to end of caudal peduncle. 
Head usually shorter than body depth at pelvic-fin origin. Snout rounded; its length usually slightly greater than 
horizontal eye diameter. Mouth terminal, tip of mouth cleft slightly lower than level of middle of eye, mouth cleft 
straight. Anterior barbel short (15.8–35.1 % of snout length) not reaching anterior margin of the eye (coded length 
1). Posterior barbel 63.2–95.7 % of snout length, extending between the middle of the eye and the posterior margin 
of the eye (coded length 3), never reaching beyond posterior margin of the eye. Eye large, but horizontal diameter 
usually smaller than snout length. Eye diameter relative to snout length negatively correlated with SL (R = -0.80 
Spearman’s rank correlation, N = 24). Interorbital width greater than horizontal eye diameter.

Dorsal fin with three unbranched and eight branched rays. Last unbranched ray thickened and densely serrated 
on posterior margin. Serration extending over 60–72 % (mean 65 %) of non-segmented part, lower non-serrated part 
relatively short. Number of serrae ranging from 10 (28.7 mm SL) to 19 (44.7 mm SL), but not positively correlated 
with size (R = 0.44, Spearman’s rank correlation, N = 19). Dorsal-fin origin usually behind origin of pelvic fin. 
Dorsal-fin depth usually slightly longer than head length. Anal fin with three unbranched and six branched rays, 
reaching to about middle of caudal peduncle; depth 81.0–102.7 % of caudal-peduncle length. Pelvic fin with one 
unbranched and seven branched rays, not reaching to anal-fin origin. Pectoral fin with one unbranched and 14 or 15 
branched rays, not reaching pelvic-fin origin. Pectoral and anal fins of about similar length, pelvic fin commonly 
shorter. Caudal fin forked with typically 2+17 principal rays (nine in upper lobe and eight in lower lobe). Upper 
procurrent rays eight or nine, lower procurrent rays seven or eight (Table 2).

Lateral line complete and downwardly curved below midline, running along midline on caudal peduncle. Total 
number of scales in the lateral series 25–27, mode 26. Scale rows between lateral line and dorsal-fin origin five, 
three scale rows between lateral line and pelvic-fin base as well as between lateral line and anus. Circumpeduncular 
scale rows 11. Back, belly and chest fully scaled. Axillary scale present at pelvic-fin base; length 23.4–44.1 % of 
pelvic-fin length.

Total vertebrae 32–34, commonly 33; with 17–19 abdominal vertebrae and 15–16 caudal vertebrae; predorsal 
abdominal vertebrae 8–10, mode 10, other vertebral counts given in Table 2. Supraneurals five or six (N = 6), first 
two or three roundish and three or four in front of dorsal fin deeper and elongated.

Gill rakers in outer row of first gill arch 43–45 (N = 3), with 28 or 29 on lower limb and 14, 15, or 17 on upper 
limb. 

In three examined specimens (39.3–41.9 mm SL), length of digestive tract (straightened but not stretched) 
about 78–81 % of SL. Intestine folded in simple loop before reaching anus.

Mature spawning capable females with large ovaries, i.e. the developing phase of the reproductive cycle (Brown-
Peterson et al. 2011), were observed end of rainy season at sizes of 39.3–41.9 mm SL (N = 3).

Colouration. In life (Figure 4a), body silvery or cream-coloured, darker above lateral line with black or 
brownish back. Blueish, yellowish or orange iridescent above lateral line in anterior half of body, on operculum, and 
upper eye. Yellow or orange blotch on operculum. Small, distinct black spot at posterior margin of caudal peduncle. 
Fins pale, base of caudal fin cream-coloured or yellowish. 

In formalin (initial fixation) and later transferred to 75 % ethanol specimens (Figure 4b), pale cream-coloured. 
Upper head ash-grey. Back with greyish or black stripe. Faint greyish stripe between anal-fin insertion and caudal 
fin. Narrow black mid-lateral stripe, most prominent between level of pelvic-fin origin and level of anal-fin 
insertion, terminating in a small black spot at posterior margin of caudal peduncle. Scales above mid-lateral stripe 
with abundant, small, and uniformly distributed dark pigments. Concentration of dark pigments at anterior border 
of pored scales forming chevrons, most distinct anterior to dorsal-fin origin. Small dark brown or black blotch on 
operculum. Fins white.

Ethanol-preserved specimens (Figure 4c), overall cream-coloured and greyish above lateral line, with darker 
back, and with observable shine at midline and operculum. Narrow black mid-lateral stripe and faint greyish stripe 
between anal-fin insertion and caudal fin present. Pigmentation of scales similar to specimens initially preserved 
in formalin, but darker and more intense. Small black spot at posterior margin of caudal peduncle. Fins pale or 
greyish.

Distribution and habitat. Enteromius gamo sp. nov. is endemic to Ethiopia where it is known only from 
the endorheic basins of lakes Abaya and Chamo in the SMER. The new species was collected at the end of the 
rainy season from irrigation channels connected to the lower Sile and Hare rivers with their associated floodplains 
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(Figure 5). In both sampling sites, E. gamo sp. nov. was found sympatric with Enteromius cf. stigmatopygus. 
Substrate composition was dominated by silt and sand. The altitude of the sampling sites ranged from 1,122 m a.s.l. 
(5°53’31’’N, 37°29’44’’E) to 1,185 m a.s.l. (6°3’35’’N, 37°36’2’’E). Enteromius gamo sp. nov. was absent from 
mainstem rivers and only a single specimen was previously found in littoral habitats of Lake Abaya (Golubtsov et 
al. 2002). Additionally, the new species was reported from the Sago River, Lake Chamo basin (Golubtsov et al. 
2002).

FIgurE 5. Habitat of Enteromius gamo sp. nov. in the lower Sile and Hare rivers; a irrigation channel and associated wetland 
in the floodplain of the Lower Hare River (6°3’35’’N, 37°36’2’’E; 1,185 m a.s.l.), Lake Abaya basin, type locality of E. gamo 
sp. nov.; b irrigation channel connected to the Lower Sile River (5°53’31’’N, 37°29’44’’E; 1,122 m a.s.l.), Lake Chamo basin.

Gut contents examined (N = 3) contained unidentifiable fine organic detritus, remains of aquatic (Chironomidae, 
Ephemeroptera) and terrestrial (Formicidae) arthropods, and some non-organic material (sand grains).

Etymology. The specific epithet gamo was selected in honour of the Gamo people, who inhabit the region 
around Lake Abaya where the holotype was collected. A noun.

remarks. The restricted distribution range of E. gamo sp. nov. coupled with environmental pressures from 
agricultural intensification and subsequent modification of the natural habitat suggest that the new species should 
be listed with an IUCN (2012) status of Endangered or Critically Endangered.

Comparison of Enteromius gamo sp. nov. with East African congeners. Besides the main diagnostic 
characters mentioned above, the newly described species from Ethiopia differs clearly from type specimens of E. 
kerstenii (Figure 6a, Table 2) by 14–15, mode 14, branched pectoral fin rays (vs. 15–16); 25–27, mode 26, scales 
in the lateral series (vs. 24–25); length of penultimate unbranched dorsal fin ray 26.4–38.3 %, mean 32.2 %, of non-
segmented length of last unbranched dorsal fin ray (vs. 37.9–51.7 %, mean 43.1 %, of non-segmented length of last 
unbranched dorsal fin ray); axillary scale 23.4–44.1 %, mean 31.0 %, of pelvic-fin length (vs. 21.8–25.2 %, mean 
23.8 %, of pelvic-fin length); and interorbital width 117.9–169.6 %, mean 143.1 %, of snout length (vs. 114.0–120.3 
%, mean 116.4 %, of snout length).

Enteromius gamo sp. nov. is distinguished from the holotype of E. lumiensis (Figure 6b), originating from 
the Lumi River, a tributary to Lake Jipe on the east side of Mount Kilimanjaro (north-eastern Tanzania), by 14–15, 
mode 14, branched pectoral fin rays (vs. 15); horizontal eye diameter 83.3–117.4 %, mean 97.9 %, of snout length 
(vs. 82.4 % of snout length); and minimum caudal-peduncle depth 58.3–72.7 %, mean 64.8 %, of caudal-peduncle 
length (vs. 61.1 % of caudal-peduncle length).

No type material of E. nigrolinea, originating from the Pangani River (historically referred to as “Rufu River” 
in its middle course), was examined and we refer to published data (original description by Pfeffer 1889) for 
comparison. Enteromius gamo sp. nov. is distinguished from E. nigrolinea by body depth greater than head length 
(vs. equal); eye diameter shorter than snout length (vs. longer); and interorbital width considerably shorter than 
twice eye diameter (vs. almost equal to twice eye diameter). The new species also differs from the holotype of E. 
salmo (Figure 6c), described from the Pangani River, by 10–19, mode 15, serrae on last unbranched dorsal fin ray 
(vs. 35); and horizontal eye diameter 83.8–117.4 %, mean 97.9 %, of snout length (vs. 77.4 % of snout length). 
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FIgurE 6. General appearance of a ZMB 6818, Enteromius kerstenii, lectotype, 62.8 mm SL, “Auf dem Wege von der 
Zanzibarküste nach dem Kilimandjàro” (Peters 1868: p. 601), Tanzania, photograph: E. Aßel; b BMNH 1902.11.8.21, E. 
lumiensis, holotype, 59.2 mm SL, Lumi River, eastern side of Kilimanjaro, running into Lake Jipi, Tanzania, photograph: © The 
Trustees of the Natural History Museum, London; c ZMB 13163, E. salmo, holotype, 70.9 mm SL, Pangani River, Tanzania, 
photograph: E. Aßel; d BMNH 1906.5.30.123-124, E. minchini, syntype, 63.9 mm SL, Entebbe, Lake Victoria, Uganda, 
photograph: © The Trustees of the Natural History Museum, London.
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FIgurE 7. General appearance of Enteromius kerstenii from Kenya, Tanzania, and Uganda; a BNMH 1975.10.7.19–31, 
E. kerstenii, 47.9 mm SL, Upper Pangani River, Tanzania; b E. kerstenii, 75.7 mm SL, Makindu & Tsavo Rivers, Athi River 
system, Kenya; c BMNH 1958.4.23.1–13, E. kerstenii, 56.8 mm SL, Lake Bunyoni, Uganda; d BNMH 1969.2.11.255–260, E. 
kerstenii, 36.7 mm SL, Kikwawira, tributary of Kilombero River, Rufiji River system, Tanzania. Photographs: © The Trustees 
of the Natural History Museum, London.
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Additional material from the Pangani River drainage (Figure 7a), showed that E. gamo sp. nov. differs by length 
of non-segmented and serrated part of last unbranched dorsal fin ray 59.7–71.5 %, mean 64.7 %, of non-segmented 
length of last unbranched dorsal fin ray (vs. 66.3–77.5 %, mean 71.4 %, of non-segmented length of last unbranched 
dorsal fin ray). Data from COI and cytb place specimens from the Pangani River within a group of specimens from 
other coastal drainages in Tanzania and Kenya, divergent from E. gamo sp. nov. by 7.5–7.8 % (COI) and 9.2–9.4 
% (cytb).

We did not examine type material of E. akeleyi, but examination of specimens from the Athi River drainage 
(Figure 7b), closest to the type locality of E. akeleyi, showed that they are different from E. gamo sp. nov. by 3–4, 
mode 4, unbranched dorsal fin rays (vs. 3); 8–10, mode 9, vertebrae between first pterygiophores of dorsal and anal 
fins (vs. 7–9, mode 8); and preanal length 71.0–76.7 %, mean 74.4 %, of SL (vs. 68.3–73.0 %, mean 70.9 %, of 
SL).

Enteromius gamo sp. nov. is further distinguished from E. minchini (Lake Victoria, Figure 6d) by 8–10, mode 
10, predorsal abdominal vertebrae (vs. 9); and minimal caudal-peduncle depth 58.3–72.7 %, mean 64.8 %, of 
caudal-peduncle length (vs. 56.3–61.4 %, mean 58.8 %, of caudal-peduncle length). Specimens from Lake Bunyoni 
(Figure 7c) in the Upper White Nile are geographically closest to the type locality of E. minchini and distinct 
from E. gamo sp. nov. by 32–33, mode 32, total vertebrae (vs. 32–34, mode 33); head depth at nape 72.0–81.4 %, 
mean 75.4 %, of head length (vs. 67.0–74.5 %, mean 71.4 %, of head length); and body depth at pelvic-fin origin 
31.0–36.5 %, mean 33.8 %, of SL (vs. 24.8–32.9 %, mean 29.9 %, of SL).

The new species is further distinguished from E. kerstenii-like fishes from south-eastern Tanzania (Rufiji River 
system) (Figure 7d) by 8–10, mode 10, predorsal abdominal vertebrae (vs. 9–10, mode 9); and length of penultimate 
unbranched dorsal fin ray 26.4–38.3 %, mean 32.2 %, of non-segmented length of last unbranched dorsal fin ray 
(vs. 34.2–43.0 %, mean 38.6 %, of non-segmented length of last unbranched dorsal fin ray). The number of lateral 
series scales largely overlaps (25–27 vs. 26–30), but the highest counts of 28–30, recorded in specimens from Rufiji, 
were not found in E. gamo sp. nov.

Discussion

Combined genetic and morphological data provide solid support to distinguish the Ethiopian population of 
Enteromius with a thickened and serrated last unbranched ray in the dorsal fin, a low number of scales in the lateral 
series (≤ 27), and a yellow or orange blotch on operculum as a new species, distinct from E. kerstenii and congeners 
from Tanzania, Kenya, and Uganda. The new species, E. gamo sp. nov., is known only from the endorheic basins 
of lakes Abaya and Chamo in the SMER, representing the only endemic fish species from this region thus far. With 
the description of the new species, each part of the Main Ethiopian Rift (MER) harbours an endemic species of 
Enteromius—E. yardiensis Englmaier, Tesfaye & Bogutskaya, 2020 (Northern MER), E. akakianus (Boulenger, 
1911) (Central MER, also in the Upper Awash River drainage but there probably extirpated), and E. gamo sp. nov. 
(SMER). While E. yardiensis and E. akakianus belong to the E. pleurogramma complex (sensu Mina et al. 2017; 
frequently misidentified as E. paludinosus), E. gamo is part of the E. kerstenii complex reflecting faunal similarities 
between the SMER and both the Nilo-Sudan and East-Coast ichthyofaunal provinces (Golubtsov & Habteselassie 
2010). The last paleohydrological connection from lakes Abaya and Chamo to Lake Turkana via the Chew Bahir 
basin is evident during the African Humid Period (12.0–6.5 ka) (Grove et al. 1975; Roberts 1975 Dommain et al. 
2022). This connection opened dispersal pathways from the White Nile system and potentially from the headwaters 
of rivers originating in central Kenya (Dommain et al. 2022) where E. kerstenii is currently distributed (Seegers et al. 
2003). The timing of dispersal or vicariance is unknown but changes in paleoclimatic conditions and modifications 
of hydrological networks in this region occurred repeatedly within the last ~4 Ma (Nutz et al. 2020) with multiple 
events therefore potentially contributing to the distribution and subsequent isolation of fish species in the endorheic 
basins of the SMER (Golubtsov & Habteselassie 2010).

The newly described species from the basins of lakes Abaya and Chamo represents the northernmost distribution 
limit of the E. kerstenii complex. Otherwise this group is widely distributed in eastern, central, and southern Africa 
(Skelton 2001; Schmidt et al. 2017) and likely includes several distinct species. Additional studies will be needed 
to evaluate the extent of morphological and genetic differences between geographically distinct populations of E. 
kerstenii. Also, morphological similarities with E. tangandensis (Jubb, 1954) and E. eutaenia (Boulenger, 1904), as 
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discussed in Greenwood (1962), need further investigation. Especially the extent and variability in the mid-lateral 
stripe, mainly differentiating E. tangandensis and E. eutaenia from E. kerstenii (Greenwood 1962), is unknown.

Similar to other species complexes in the genus (e.g. Van Ginneken et al. 2017; Schmidt et al. 2018; Englmaier et 
al. 2020), the combination of genetic markers with morphometric and meristic characters, proved to be informative 
for species differentiation in this group. The presence of hybridization reported between E. kerstenii and E. nyanzae 
and between E. kerstenii and E. neumayeri in Schmidt et al. (2017) highlights the importance of including sequence 
data for historical type specimens in order to resolve the taxonomy within this group.
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