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Supplementary materials 
The study area  

The sediment cores were collected in an offshore to inshore gradient in the Tanzanian sector 
of Lake Victoria, East Africa (Suppl. Fig. 1). The lake is large with a surface area of about 
68,800 km2 and shallow with a maximum depth of about 68m and an average of ~40m1. The 
cores were collected in 2018 from four sites referred to as LV1, LV2, LV3, and LV4, 
respectively. They were collected along a transect of increasing water depths (LV3 at 13 m, 
LV2 at 22 m, LV1 at 37 m, LV4 at 63 m) and distance from shore (LV3 at 2 km, LV2 at 6 km, 
LV1 at 9 km, LV4 at 30 km from the shore) in the Shirati Bay area (Suppl. Fig. 1). 
 

 
Supplementary Figure 1. (A) African continent map with the box showing Lake Victoria. (B) 
Lake Victoria map with isobath2 of 10m increments. (C) The coring sites on the transect out of 
Shirati Bay from deep to shallow (LV4 at 63 m, LV1 at 37 m, LV2 at 22 m, and LV3 at 13 m) 
and offshore to inshore (LV4 at 30 km, LV1 at 10 km, LV2 at 6 km, and LV3 at 2 km from the 
shore). 
  



The fish fossil influx 

The fossil influx was determined by initially dividing the fossil number by the sediment volume 
(number of fossils per cm−3) to determine the fossil concentration. Then the fossil 
concentrations were multiplied with the sediment accumulation rates from (cm/yr) 3 to 
calculate the fossil influx (number of particles cm−2 yr−1) (Suppl. Fig. 2). 

 
Supplementary Figure 2: The fish fossil influx since the origin of the modern lake from the 
tooth fossils per area in an onshore-offshore coring transect. The bars represent the fossil influx 
of the recovered fish taxa. The solid orange lines are statistically significant multivariate 
changepoints detected across all taxa using the E-divisive method4. The letters (A-D) denote 
different major phases or habitat stages as defined by the fish community bounded by change 
points and shared between the sites. Where A (green shade) represents the wetland fish 
community, B (dark blue) the littoral/sublittoral phase and C & D (light blue) indicate the deep 
open lake phases that differ in fossil abundance. The grey shade represents depth not cored and 
the white spaces in LV3 are intervals not screened for fossils. 

  



The reference catalog and fossils 

A digital photograph catalog of modern tooth specimens of Lake Victoria fishes was created 
as a reference collection. The collection comprised 44 species representing nine families and 
one superfamily that formed the modern assemblage in Lake Victoria (Suppl. Table 1, Suppl. 
Fig. 3). Additionally, a compilation of fish fossils belonging to different fish groups discovered 
in the fossil record, showcasing a range of preservation conditions from the four cored sites 
LV4, LV1, LV2, and LV3 (Suppl. Fig. 4).  

Supplementary Table 1: Fish species from Lake Victoria that we used to build a reference 
library of teeth which we used together with literature to assign fossils to major taxa 

  Family/Lineage Species 
Characids Alestidae Brycinus jacksonii 
Catfishes Bagridae Bagrus docmak 
  Clariidae Clarias sp. 
  Mochokidae Synodontis victoriae 
  Schilbeidae Schilbe mystus 
Carp-relatives Cyprinoidea/Cyprinidae Enteromius sp. 
  Cyprinoidea/Cyprinidae Labeo victorianus 
  Cyprinoidea/Danionidae Rastrineobola argentea 
Lates perches Latidae Lates niloticus 
Spiny eels Mastacembelidae Mastacembelus frenatus 
Cichlids Cichlidae/Oreochromini Oreochromis leucosticus 
    Oreochromis esculentus 
    Oreochromis variabilis 
    Oreochromis niloticus 
  Cichlidae/Haplochromini Astatoreochromis alluaudi 
    Astatotilapia nubila 
    Enterochromis paropius 
    Gaurochromis hiatus 
    Haplochromis sp “purple yellow” 
    Harpagochromis cf. serranus 
    Labrochromis stone 
    Lipochromis melanopterus 
    Lithochromis sp. “scraper” 
    Lithochromis sp. “yellow chin” 
    Mbipia lutea 
    Mbipia mbipi 
    Neochromis gigas 
    Neochromis omniceruleus 
    Neochromis rufocaudalis 
    Neochromis sp. “uniscupid scraper” 
    Paralabidochromis chilotes 
    Paralabidochromis cyaneus 
    Paralabidochromis flavus 
    Paralabidochromis sp. “short snout scraper” 
    Platytaeniodus degeni 
    Psammochromis riponianus 
    Paralabidochromis sauvagei 
    Ptyochromis xenognathus 
    Pundamilia macrocephala 
    Pundamilia nyererei 
    Pundamilia pundamilia 
    Pundamilia sp. pink anal 
    Yssichromis laparogramma 
    Yssichromis pyrrhocephalus 



The major taxonomic groups of fishes in the Lake Victoria catchment, their habitat affiliations 
and tooth traits: 

Alestidae 
Two species of Alestidae have been recorded in Lake Victoria (Brycinus sadleri, and Brycinus 
jacksonii)5. They are found in shallow inshore areas with aquatic vegetation and papyrus6. The 
teeth of alestids are tri- to multi-cuspidate as adults and very irregularly shaped with the neck 
hardly differentiated against the crown7 (Suppl. Fig. 3). 
  
Bagridae 
This family has one species occurring in Lake Victoria (Bagrus docmak). They are found in all 
parts of LV at variable depths but are confined to shallow rocky areas for breeding and nursery8. 
Their teeth are long unicuspid, pointy, and sometimes hook-like (Suppl. Fig. 3). 
  
Clariidae 
There are six species of clariids occurring in Lake Victoria. They are found in shallow wetland 
habitats (Clarias liocephalus) to offshore deep water but all of them, including the little-known 
deepwater species (Xenoclarias eupogon), seem confined to inshore zones for breeding9, 
including marginal waterlily and papyrus swamps (C. gariepinus), and rocky shores (C. 
gariepinus, X. eupogon)10. The teeth of clariids are unicuspid, pointy and thin11 (Suppl. Fig. 3). 
  
Mochokidae 
This family of African catfishes has two species occurring in Lake Victoria (Synodontis 
afrofischeri and Synodontis victoriae). Synodontis victoriae occurs from shallow to deeper 
waters but migrate into rivers to spawn, while Synodontis afrofischeri prefers waters less than 
20m deep12. The teeth are chisel-shaped, elongated and often bent with a characteristic hook at 
the tip8 (Suppl. Fig. 3).  
  
Schilbeidae 
The African butter catfish has one species (Schilbe intermedius) occurring in Lake Victoria. 
They inhabit inshore areas and live pelagic, but migrate up rivers for spawning6. Their teeth 
are small and unicuspid with a sharp point13 (Suppl. Fig. 3). They resemble haplochromines in 
length-to-width ratio but are pointier. 
  
Cyprinoidea 
The “carp-like” fish superfamily has 17 species in Lake Victoria belonging to two families: 
Danionidae (only Rastrineobola argentea) and Cyprinidae (all other species). In LV, they are 
found in a variety of habitats but most species are confined to swamps, streams, and inshore 
waters and the larger species migrate to rivers to spawn (genera Labeo and Labeobarbus). In 
the main lake weed beds (various species in the genus Enteromius), rocky shores (Labeo) and 
very shallow exposed rocky habitats (genus Garra) are the main habitats. Two species live in 
the pelagic (Rastrineobola argentea and Enteromius profundus)8. Cypriniforms have 
distinctive pharyngeal teeth with hooked cusps (Suppl. Fig. 3), usually not more than three 
rows 14,15. 
  
Latiidae 
One species of the Lates perches family (Lates niloticus) was introduced to Lake Victoria in 
the 1950s16. They inhabit both shallow and deep waters17. The teeth are unicuspid and pointy 
but short with a very broad base (Suppl. Fig. 3).  
  



Mastacembelidae 
The spiny eels have one species occurring in Lake Victoria (Caecomastacembelus frenatus). 
They are found in marginal swamps, streams and shallow rocky reefs. They have numerous 
small unicuspid and pointed teeth8,18 (Suppl. Fig. 3). 
  
Cichlidae: Oreochromini 
The lineage of cichlid fish with four species occurring in Lake Victoria (two introduced in the 
1950s, Oreochromis leucosticus and Oreochromis niloticus and two natives Oreochromis 
variabilis and Oreochromis esculentus). They prefer inshore waters, with a maximum of 15m 
water depth19. Oreochromis have bicuspid and tricuspid oral teeth with a very tall and slender 
neck and a large crown with distinctively shovel-shaped major cusp with a very large flange 
and a small minor cusp and they also have long and slender pharyngeal teeth20 (Suppl. Fig. 3). 
  
Cichlidae: Haplochromini 
The most diverse lineage in Lake Victoria with over 500 species. They are found in all 
habitats21,22. The outer oral jaw dentition of different species varies from bicuspid (the most 
widespread condition) to unicuspid (only in adults of some trophic specialists) or tricuspid 
(very rare), with varying shape and size. Haplochromines have small tricuspid teeth in the inner 
oral jaw tooth rows. Their pharyngeal teeth vary from thin and highly asymmetric and oblique 
to hooked to heavy molariform, always with a major cusp and a much smaller minor cusp 
(Suppl. Fig. 3). 



 
Supplementary Figure 3: Examples of representative teeth from various modern fish taxa of 
Lake Victoria. 



 
Supplementary Figure 4: The fish fossils. The Haplochromini group denoted as h1-h20 (red 
circled are pharyngeal teeth, blue circled are inner oral teeth, and black circled are outer oral 
teeth), Cyprinoidea as c1-c20 (red circled are pharyngeal teeth), Oreochromini teeth as o1-o20 
(red circled are pharyngeal teeth, and black circled are oral teeth), and the catfishes as c1-c17 
(The green square are Mochokidae, purple square are Clariidae, and yellow square are 
Bagridae), across the four locations. 

 

 
 
 
 



Supplementary Table 2: The total number of fish tooth fossils recovered from the sediment 
cores per site and the percentage assigned to each family with general habitat preferences of 
families 
  LV4 LV1 LV2 LV3 LV-

Total Habitat Affiliations 

Fi
sh

 ta
xa

 %
 

Fossils counts 931 1368 2842 2481 7623  

Bagridae 0.11 0.37 0.11 0 0.12 
Rivers and lakes from shallow to 
deep but confined to rocky substrate 
for breeding 

Clariidae 0 0.37 0.18 0 0.13 

The species are widespread across 
water depths but most common in 
inshore waters including in the 
marginal waterlily and papyrus 
swamps. Even the species in deep 
water depend on shallow rocky 
shores for breeding 

Mochokidae 0.75 0.37 0.18 0.04 0.24 

Rivers and lakes from shallow to 
deeper lake waters but confined to 
shallow habitat for breeding or 
migrating up rivers 

Cyprinoidea 10.7 6.22 4.61 1.23 4.53 

Genus Enteromius: inshore lake 
habitats, swamps and rivers 
Genus Garra: uppermost littoral zone 
(top 1-2m) on exposed rocky shores 
Genus Labeo: over inshore rocky 
substrates, migrates up rivers to 
spawn 
Genus Labeobarbus: inshore waters 
and rivers, migrates up rivers to 
spawn 
Genus Rastrineobola: in- and 
offshore pelagic zone 

Haplochromini 85.3 89.5 89.3 70.9 82.8 

The radiation ancestor Astatotilapia 
nubila: swamps and shallow waters 
The radiation members: widespread 
across all habitats 

Oreochromini 1.29 2.71 4.15 8.23 4.90 

Oreochromis esculentus: up to 15m 
water depth 
Oreochromis variabilis: shallow 
zones of rocky reefs, vegetated lake 
shore and lagoons 

Unknown 1.83 0.44 1.51 19.6 7.33  
 

 
 



The direction of change between different phases 

The boxplots were used to summarize each taxon's mean relative abundance for each habitat 
phase. A two-sided t-test was computed to infer significant differences between phases. The 
difference in relative fish abundances between change point delineated habitat phases along 
the offshore deep (left) to inshore shallow (right) coring transect. The LV4 site phases (Suppl. 
Fig. 5a); were A (n=56), B (n=30), C (n=99), and D (n=70). The LV1 site phases (Suppl. Fig. 
5b); A/B (n=30), C (n=33), D1 (n=45), and D2 (n=30). For LV2 phases (Suppl. Fig. 5c); A 
(n=40), B (n=38), C (n=121), D1 (n=30), D2 (n=34) and D3 (n=30). LV3 site remained 
throughout in the littoral/sublittoral phases B1 (n=30), B2 (n=30), B3 (n=37), and B4 (n=57) 
(Suppl. Fig. 5d). Each plot shows the mean relative abundances of each major fish taxon for 
each statistically delineated habitat phase and vertical lines indicating significance differences 
between phases using two-sided t-tests (Suppl. Fig. 5a-d). Asterisks indicate the statistical 
significance (ns means no significant change, * Pvalue ≤ 0.05, ** Pvalue ≤ 0.01, *** Pvalue ≤ 
0.001, and **** P ≤ 0.0001) of differences between phases for each taxon. The center line of 
the boxplot shows the median, the red dot shows the standard error mean, the upper box bound 
is the 75th percentile and the lower box bound is the 25th percentile. The grey dots show the 
observations outside the 25th and 75th percentile. The lower-end line whisker shows the 
minimum and the upper-end line whisker the maximum observed value. 
 



 

 
Supplementary Figure 5a: Boxplot from the most offshore site, LV4. 



 
Supplementary Figure 5b: Boxplot from the most offshore site, LV1. 



 
Supplementary Figure 5c: Boxplot from the most offshore site, LV2. 



 
Supplementary Figure 5d: Boxplot from the most offshore site, LV3. 
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