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The genus Nothobranchius Peters, 1868 currently 
includes about 75 valid species that occur mainly in 
river drainages of eastern and south-eastern Africa that 
are subject to seasonal rainfall (Seegers 1997; Watters 
2009). It is the most species-rich and geographically 
widespread genus of seasonal nothobranchiid killifishes 
(Wildekamp 2004). All known species have an annual 
or semi-annual life cycle and reproduce in the season-
ally arid savannah biome. They inhabit temporary pools 
and swamps during the rainy season (Skelton 2001), 
depositing eggs in the substratum. The habitats of all 
species are characterised by the presence of a vertisol-
type substratum that, critically, includes swelling clay 
minerals of the smectite group, most commonly montmo-
rillonite. Such clay minerals will acquire interlayer 
water during the wet season, which is then slowly and 
progressively released during the dry season. This 
creates favourable conditions in the substratum by 
preventing total desiccation of the eggs as they develop, 
interspersed with phases of diapause through the dry 
season (Watters 2009). Nothobranchius species are 
highly sexually dimorphic and dichromatic. The typically 
robust and colourful males contrast to the smaller, dull 
females (Jubb 1981; Wildekamp 2004).

The diversification of Nothobranchius exhibits interesting 
aspects across south-central Africa to the west of the principal 

arms of the East African Rift. Here, the south-eastern upper 
drainage of the Congo River basin has been identified as a 
region with particularly complex phylogeographic patterns in 
aquatic organisms (Lévêque 1997), reflecting active specia-
tion and a high level of endemism (Balon and Stewart 1983; 
Jackson 1986; Malaisse 1997; Cotterill 2005; Snoeks et 
al. 2011). This subcatchment of the Congo River drains the 
Katanga province, previously called Shaba, of the Democratic 
Republic of the Congo and north-western Zambia. Several 
ichthyological studies have focused on the oviparous cyprino-
dontiform fishes of the region (Poll 1963, 1976; Tait 1965; 
Wildekamp 1978; Valdesalici and Wildekamp 2004, 2005; 
Valdesalici and Amato 2011; Nagy 2014a, 2014b, 2014c; 
Nagy et al. 2016).

The landscapes of the upper Congo basin are characterised 
by extensive gently sloping pediments, whose steep escarp-
ments bound wide valleys with impeded drainage, character-
ised by seasonally inundated shallow wetlands and floodplains 
(Flügel et al. 2015; Guillocheau et al. 2015). The Luapula 
River forms part of the Bangweulu-Mweru ecoregion (Thieme 
et al. 2005; Abell et al. 2008). The Bangweulu basin is a vast 
seasonal wetland fed by several rivers, the largest being 
the Chambeshi, which flows out of Lake Bangweulu into the 
Luapula, which in turn flows into Lake Mweru. The Mumbatuta 
and Mambilima Falls are prominent knickpoints that divide 
the 480 km channel of the Luapula into three main sections 

Nothobranchius cooperi (Teleostei: Cyprinodontiformes): a new species of 
annual killifish from the Luapula River drainage, northern Zambia
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Nothobranchius cooperi, Nagy, Watters and Bellstedt, new species, is described from seasonal streams and 
ephemeral pools associated with the upper Mansa River system in the middle Luapula drainage and systems 
draining into the low-lying area marginal to the southwestern part of Lake Bangweulu, in the Luapula province of 
northern Zambia. It belongs to the N. brieni species group. Males of Nothobranchius cooperi are distinguished from 
congeners by the following unique combination of characters: body scales with broad orange posterior margin, 
forming a highly irregular cross-barred pattern; anal fin fairly uniform orange-red with irregular to regular, light 
blue-green zone close to the base; caudal peduncle length 1.2–1.3 times its depth; prepelvic length 48.8–51.9% SL; 
and head depth 75–77% of head length. Genetic divergence of the mitochondrial COI and ND2 genes and nuclear 
S7 gene support the distinction of the new species from its closest known relative, N. rosenstocki and confirms its 
position in the N. brieni species group.
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(Flügel et al. 2015). Both falls are effective barriers to fish 
dispersal (Worthington 1933; Lavoué 2012; Van Steenberge 
et al. 2014).

Five Nothobranchius species have previously been 
identified within the catchment of the Luapula (Figure 
1): N. chochamandai Nagy, 2014, which is known from 
the Lufutishi system in the middle Luapula drainage; N. 
malaissei Wildekamp, 1978, found on the lower Luapula 
plain and in associated temporary rivers, downstream 
of Mambilima Falls; N. sainthousei Nagy, Cotterill and 
Bellstedt, 2016, from the Chimembe River near the 
Luono-Luapula confluence; N. symoensi Wildekamp, 
1978, known only from a relatively restricted part of the 
upper Luapula drainage, above the Mumbatuta Falls; and 
N. rosenstocki Valdesalici and Wildekamp, 2005, which, 
as recognised in the original description, included popula-
tions associated with several smaller river systems within 
the upper Luapula drainage above the Mumbatuta Falls, 
including the type locality, as well as a second group 
of populations in the headwaters region of the Mansa 
River, a right-bank tributary of the Luapula between the 
Mambilima and Mumbatuta Falls (Rosenstock 1991; 
Schmidt 1999, 2008; Wood 2001; Valdesalici and 
Wildekamp 2005; Nagy 2014b; Nagy et al. 2016). Males 
of the five species are characterised by a colour pattern 
having an irregular reticulation on the sides that may form 
irregular cross-bars; spotted red-brown patterning of the 
caudal fin; and the presence of a light blue margin to the 
caudal fin.

The above-mentioned species, together with all other 
Nothobranchius species from other parts of the upper 
Congo and Zambezi drainages in Katanga and Zambia, 
have been assigned to the N. brieni species group 
(Valdesalici 2010; Nagy et al. 2016). All known members 
of this species group have allopatric distributions (Nagy 
2014a, 2014b, 2014c; Nagy et al. 2016). The nine currently 
known additional species of the N. brieni species group 
are: N. boklundi Valdesalici, 2010, from the Luangwa 
Valley in eastern Zambia; N. brieni Poll, 1938, from the 
middle Lualaba drainage in Katanga; N. capriviensis 
Watters, Wildekamp and Shidlovskiy, 2015, with a localised 
range within the upper Zambezi drainage, in the Zambezi 
Region (formerly Caprivi Strip) of Namibia; N. flagrans 
Nagy, 2014, from the lower Lufira drainage in Katanga; N. 
hassoni Valdesalici and Wildekamp, 2004, from the lower 
Lufira drainage in Katanga; N. kafuensis Wildekamp and 
Rosenstock, 1989, from the Kafue and upper Zambezi 
drainages in southern Zambia; N. milvertzi Nagy, 2014, 
from the Lake Mweru basin in northern Zambia; N. oester-
gaardi Valdesalici and Amato, 2011, from the Lake Mweru 
Wantipa basin in northern Zambia and N. polli Wildekamp, 
1978, from the upper Lufira drainage in Katanga. These 
members of the N. brieni species group represent the 
southwestern limit of the range of the genus in southern 
Africa (Skelton 1994; Watters et al. 2015).

During the course of a detailed study of the diversity 
and distribution of Nothobranchius species in the 
Luapula drainage, including molecular analyses of 
representative sets of samples, the current authors have 
concluded that the two principal groups of populations 
previously regarded collectively as N. rosenstocki, show 

distinctively different characters. This indicates that the 
Mansa River populations and those associated with the 
low-lying area marginal to the southwestern part of Lake 
Bangweulu near Samfya, represent a distinct species, 
herein described as N. cooperi Nagy, Watters and 
Bellstedt, new species.
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Figure 1: Map of the Luapula River drainage showing distribution 
of Nothobranchius populations used for morphological and 
molecular comparisons in the current study and currently known 
localities of the respective species. Nothobranchius cooperi (open 
circle), N. sainthousei (solid inverted triangles), N. chochamandai 
(open stars), N. malaissei (open diamonds), N. rosenstocki 
(solid squares), N. symoensi (open triangles). T, type locality of 
respective species. Individual symbols may represent multiple 
sites where occurrences are in close proximity to one another. Box 
across the Middle Luapula to Lake Bangweulu region represents 
the area shown in more detail in Figure 9
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in Table 3. Highly significant divergence of morpholog-
ical characters between males of N. rosenstocki popula-
tions from the upper Luapula and N. cooperi was found 
(non-parametric Kruskal–Wallis test, p < 0.01 with sequen-
tial Bonferroni correction, data not shown). Notably signifi-
cant morphological differences included prepelvic length, 
caudal peduncle length and depth and head depth. All 
three populations of N. rosenstocki, from the upper Luapula 
drainage, exhibited similar morphological traits, with no 
significant divergence (Kruskal–Wallis test). Furthermore, 
differences of morphological characters between males of N. 
cooperi and those of N. rosenstocki, N. sainthousei and N. 
symoensi were significantly divergent (Mann–Whitney U-test 
with sequential Bonferroni correction, Table 3). In summary, 
highly significant differences were observed in respective 
suites of mensural characters in N. cooperi compared to N. 
rosenstocki, N. sainthousei and N. symoensi. Overall, N. 
cooperi was found to exhibit highly significant differences 
from all three species in caudal peduncle length, caudal 
peduncle depth and anal-fin ray count.

Graphical comparison of biometric differences using PCA 
resolved the correlation matrix of seven distinctive morpho-
metric characters of all male specimens examined in the 

analysis (8.6:1 subject to item ratio). The first two principal 
components were retained, supported by the eigenvalue-
one criterion and proportion of the components in total 
variance. The first principal component (PC1) explained 
34.3% of the variation among specimens in the multivariate 
dataset, whereas PC2 represented 29.8%. PC1 explained 
much of the variation in interorbital width, suborbital depth 
and eye diameter, whereas PC2 was associated mainly 
with variation in preanal length and caudal peduncle length 
(Table 4). Significantly, N. cooperi grouped separately on 
the score plot of PC1 vs PC2 (Figure 2). Nothobranchius 
cooperi was confined entirely within the negative domain of 
the first PC axis, without overlap with N. sainthousei, which 
was situated entirely in the negative part of the first axis; 
there was no overlap in this PCA plot with N. symoensi, 
which was situated mainly in the positive domain of the 
first axis. Nothobranchius cooperi was situated entirely 
in the positive domain of the second axis. There was no 
overlap with N. rosenstocki and N. sainthousei, which were 
situated mainly in the negative domain of the second axis. 
The discrete position of N. cooperi recovered in the PCA 
corroborates the hypothesis that it can be separated from 
the most similar species using morphological characters.

 Males Females
H (n = 8) (n = 5)
 Range Mean SD Range Mean SD

Standard length 25.8 20.9–25.8   18.4–19.3   
Percentage of standard length        
 Total length 122.1 121.7–123.6 122.6 0.7 122.8–124.5 123.5 0.9
 Body depth at pelvic-fin origin 27.9 27.9–31.4 30.3 1.1 26.7–29.8 27.9 1.4
 Head length 32.9 32.5–36.2 33.8 1.3 33.2–36.4 34.7 1.2
 Preanal length 60.1 58.9–62.9 60.5 1.3 62.7–67.2 65.5 1.8
 Predorsal length 56.6 55.0–59.0 57.5 1.4 61.0–63.3 62.1 1.0
 Prepelvic length 49.2 48.8–51.9 50.1 1.1 53.3–59.8 55.8 3.1
 Prepectoral length 32.9 32.5–36.2 33.5 1.2 31.4–36.4 34.0 1.9
 Caudal peduncle length 18.2 17.1–18.9 18.1 0.6 18.5–20.2 19.3 0.6
 Caudal peduncle depth 14.3 13.8–15.4 14.5 0.5 10.9–11.9 11.3 0.4
 Dorsal-fin base length 26.0 26.0–30.1 27.5 1.3 21.8–25.7 23.7 1.6
 Anal-fin base length 22.1 20.5–25.8 21.9 1.7 14.3–18.1 16.1 1.5
 Caudal fin length 22.1 21.7–23.6 22.6 0.7 22.8–24.5 23.5 0.9
Percentage of head length        
 Head width 55 53–59 55.0 1.8 48–55 51.0 2.5
 Head depth 75 75–77 75.8 0.8 66–72 69.0 2.4
 Interorbital width 33 33–37 34.2 1.6 30–34 31.6 1.8
 Postorbital length 53 50–55 52.5 1.9 46–53 49.7 2.6
 Suborbital depth 21 19–24 20.5 1.5 14–16 14.7 1.0
 Eye diameter 25 21–25 23.7 1.7 25–30 27.0 1.6
 Snout to eye end length 47 45–50 47.5 1.9 47–54 50.3 2.6
 Snout length 21 21–25 22.2 1.4 19–22 20.8 1.5
Ratios        
 Head width in % of its depth 73 70–77 72.5 2.0 72–76 73.8 1.8
 Caudal peduncle length in % of its depth 127 120–129 125.1 3.3 170–176 171.7 2.6
Meristics  Range Mode  Range Mode  
 Dorsal-fin rays 14 14–16 15  15–16 16  
 Anal-fin rays 15 14–15 14  15–16 16  
 Scales mid-longitudinal series 25 25–28 26  26–27 26  
 Scales transverse 11 10–11 11  10–11 11  
 Scales circumpeduncular 12 12 12  10–12 12  

Table 2: Morphometric and meristic data of holotype and paratypes of Nothobranchius cooperi. Standard length in mm, all other 
measurements as percentages of standard length, head length, or in ratios. Holotype values included in range, mean and SD. H = holotype; 
SD = standard deviation
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the caudal fin; head length 32.5–36.2% SL (vs 25.1–29.3); 
prepectoral length 32.5–36.2% SL (vs 25.1–29.4); and head 
width 70–77 in % of its depth (vs 79–86). It is distinguished 
from N. rosenstocki by having a prepelvic length 48.8–51.9% 
SL (vs 45.1–49.0); and a head depth 75–77% HL (vs 78–84). 
Furthermore, the species is characterised by a caudal 
peduncle length 1.2–1.3 times its depth, compared to 1.4–1.5 
times in N. sainthousei; and 1.6 times in N. rosenstocki.

Description
General body features are illustrated in Figures 4–8. 
Morphometric and meristic characters of holotype and 
paratypes are summarised in Table 2. A relatively small 
Nothobranchius species, maximum observed length in 
males 25.8 mm SL. General body shape robust, laterally 
compressed and deep. Greatest body depth in front of 
pelvic fin origin: 27.9–31.4% SL. Greatest body width 
at pectoral-fin base with body progressively narrowing 
towards caudal fin base. Dorsal profile convex from tip 
of snout to base of last dorsal fin ray, straight to slightly 
concave on caudal peduncle. Ventral profile convex from 
lower jaw to base of last anal fin ray, straight to slightly 
concave on caudal peduncle. Caudal peduncle shallow, 
length 1.2–1.3 times its depth. Anus situated directly in 
front of anal fin origin.

Head short, laterally compressed, deeper than wide. 
Head width 70–77% of its depth. Snout slightly pointed, 
about the size of eye diameter. Mouth supraterminal, 
slightly oblique in profile. Jaws subequal, lower jaw longer 
than upper, posterior end of rictus at same level or slightly 
ventral to centre of eye. Premaxilla and dentary with many 
irregularly distributed conical, slightly curved teeth at 
outer row of lower and upper jaws. Orbit relatively small, 
21–25% of HL, in anterior half of head, in dorsal portion of 
head side. Branchiostegal membrane projecting posteriorly 
from opercle.

Dorsal fin origin anterior to anal fin origin, both fins 
originating posterior to mid-length of body. Extremity of 
dorsal and anal fins rounded, with small contact organs 
in form of papillae on fin rays and distal margin with short 
filamentous rays. Posterior extremity of dorsal fin reaching 
caudal fin base. Dorsal fin 14–16 rays; anal fin 14–15 rays. 
Dorsal fin origin between neural spines of vertebrae 10 and 
12. Anal fin origin between pleural ribs of vertebrae 10 and 
12. Pectoral fin subtriangular, insertion slightly posterior to 
margin of opercular opening, base slightly oblique, upper 
fin rays placed slightly anteriorly to lower fin rays, tip 
reaching or slightly overlapping base of pelvic fin. Pelvic 
fin subabdominal, origin at about mid-length of body, short, 
bases medially separated, tip reaching urogenital papilla. 
Caudal fin subtruncate, with 14–16 branched rays, plus 3 to 
4 unbranched smaller rays at dorsal and ventral origins.

Scales cycloid, body and head entirely scaled, except for 
ventral surface of head. No scales on dorsal and anal fins. 
Scales in mid-longitudinal series 25–28 plus two or three small 
scales on caudal-fin base. Transverse rows of scales in front of 
dorsal-fin origin 10–11; scale rows around caudal peduncle 12.

Cephalic squamation pattern variable, holotype 
presenting E-type, with E-scales overlapping each other 
at median lateral margin (Hoedeman 1958). Nostril in front 
of orbit, with single oblique aperture. Frontal neuromasts 

separate in two rows of shallow grooves, one neuromast 
in each groove. Cephalic sensory system at supraor-
bital level in two discontinuous shallow grooves, with one 
and two exposed neuromasts, whereas at supratemporal 
level in a curved groove, with four exposed neuromasts. 
Preorbital canal in shallow groove with three exposed 
neuromasts; postorbital canal in a very short groove with 
one exposed neuromast; infra-orbital series with about 
a dozen neuromasts at ventral and posterior margin of 
orbit, plus one neuromast just posteriorly from postor-
bital canal. Preopercular canal in an open groove with 
around a dozen exposed neuromasts. Mandibular canal 
in shallow groove with about ten very small neuromasts. 
One neuromast on each scale along trunk mid-longitudinal 
series. Total vertebrae 26–27.

Females smaller than males, maximum observed size 
19.3 mm SL. Body and head somewhat less laterally 
compressed and more slender than in males (head depth 
66–72% HL vs 75–77, caudal peduncle depth 10.9–11.9% 
SL vs 13.8–15.4). Dorsal and caudal fins rounded. Anal fin 
subtriangular, tip rounded, central rays longer and more 
rigid. Dorsal and anal fins positioned more posteriorly than 
in male (61.0–63.3% SL vs 55.0–59.0 and 62.7–67.2% SL 
vs 58.9–62.9, respectively). Anal-fin and dorsal-fin base 
lengths smaller than in male (14.3–18.1% SL vs 20.5–25.8 
and 21.8–25.7% SL vs 26.0–30.1, respectively). Pelvic fin 
short, tip reaching anus. Branchiostegal membrane not 
projecting posteriorly from opercle. No papillae or epidermal 
tissue present on dorsal and anal fins.

Colouration
Live male (Figures 5–7): Scales on trunk and head 
light iridescent blue with broad orange-red posterior 
margins, forming an irregular reticulated and coarse, 
highly irregular cross-bar pattern. Scales on abdomen 
faint blue to silver, most with narrow orange-red margins. 
Snout, frontal and dorsal portions of head orange-red; 
throat pale blue to yellow. Exposed part of branchi-
ostegal membrane orange to orange-red. Iris golden, 
with a poorly developed black vertical bar through centre 
of eye. Background colour of dorsal fin light blue-green 
with a golden hue, grading to grey overlain by irides-
cent blue-green in distal zone. Irregular orange-red spots 
present, larger and more distinct at base of fin, grading 
into a striped pattern, parallel to fin rays, towards distal 
edge. Some irregular dark grey spots occasionally present 
in submarginal zone. Prominent black markings present 
on membrane between first 3–4 anterior fin rays. A thin 
blue margin, usually discontinuous, occasionally present 
on dorsal fin (Figure 6); whereas in other specimens 
either absent or very sparsely developed (Figure 7). Anal 
fin fairly uniform orange-red with an irregular to regular, 
light blue-green zone close to base. Some specimens 
with a second, poorly developed, light blue-green band, 
usually represented only by a row of spots, extending 
across central part of anal fin (Figures 5–6). A very 
narrow blue edging occasionally present on anal fin 
(Figure 5); whereas in some populations either absent or 
very sparsely developed (Figure 7). Specimens showing 
second band and blue edging to anal fin most commonly 
showing also a blue margin to dorsal fin. Base colour of 
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bulk of caudal fin grey with iridescent blue-green on 
membrane between rays, overlain by orange-red patches 
concentrated near fin base and extending distally as 
orange-red streaks. Grey base colour of caudal fin intensi-
fied in distal parts of fin forming a vague subdistal band, 
replaced distally by an iridescent blue marginal band. 
Pelvic fins orange-red. Pectoral fins dominantly hyaline, 
with faint orange at base and light blue margins.

Live female (Figure 8): Scales on trunk and head pale 
grey-brown, darker on dorsum and lighter to silver on venter. 
Vague reticulation on posteroventral portions of flank, due 
to some scales having relatively dark grey margins. Scales 
immediately above mid-longitudinal line, over abdominal 
region, have a blue iridescence, extending across upper part 
of operculum to eye. Iris golden. All fins hyaline.

Distribution
Nothobranchius cooperi is currently known from five sites 
situated alongside, or close to, the road between the towns 
of Mansa and Samfya (Figure 9). A main grouping of four 
sites occurs between about 20 and 36 km east of Mansa 
town, the type locality being the westernmost site. A fifth 

site occurs 11 km west of Samfya. The distance covered 
by this narrow range of distribution is about 45.5 km. All 
sites represent seasonal streams and seasonal pools 
associated with the streams, situated in broad, shallow 
valleys (Figures 10 and 11). The streams associated 
with the western group of localities drain in a generally 
northward direction into the upper reaches of the Mansa 
River, which flows westwards and represents a right-bank 
tributary of the Luapula River.

Although the Nothobranchius species of the Luapula 
River system show close evolutionary relationships and 
appear to have had a common founder species, the modern 
regional drainage network preserves striking evidence of 
several major reorganizations (Moore and Larkin 2001; 
Goudie 2005; Moore et al. 2007, 2012), exemplified in 
significantly different histories of the precursors comprising 
the modern Luapula system. These changes in geomor-
phology and hydrology are invoked as primary drivers of 
allopatric speciation evident in the regional biogeographical 
patterns (Cotterill 2006; Cotterill and de Wit 2011).

The Mansa River joins the middle reaches of the Luapula 
between two significant natural barriers: upstream, the 
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Figure 10: Type locality for Nothobranchius cooperi. Situated about 20 km east of Mansa, in the upper Mansa River system, Luapula 
Province, middle Luapula River drainage. Habitat comprised a densely vegetated seasonal stream and associated roadside ditches and 
pools within a broad shallow valley. Photograph taken 28 March, 1997

Figure 11: Easternmost location for Nothobranchius cooperi, near Samfya, within the drainage of the seasonal Lufimba system flowing into a 
low-lying area marginal to the southwestern part of Lake Bangweulu. Habitat comprised very shallow remnant pools among dense grass in a 
broad shallow valley. Photograph taken 28 March, 1997
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