
Supplementary table S1: List and references of social systems in lamprologini cichlids endemic to Lake Tanganyika. CSV data are 
available at Dryad. References are shown in end of this file. 

  



 



Supplementary table S2: Factors influencing social system (cooperative or non-
cooperative breeding) in Lamprologini cichlids endemic to Lake Tanganyika analyzed 
using a phylogenetic generalized linear model (PGLM). Neolamprologus niger, a basal 
species with an incompletely described social system, was treated as a cooperative 
breeder in this analysis (n = 61 species). 
 

 
 
Supplementary table S3: Factors influencing social system (cooperative or non-
cooperative breeding) in Lamprologini cichlids endemic to Lake Tanganyika analyzed 
using a phylogenetic generalized linear model (PGLM). Neolamprologus niger, a basal 
species with an incompletely described social structure, was treated as a non-
cooperative breeder in this analysis (n = 61 species). 

 
 

  



Supplementary table S4: Factors influencing social system (cooperative or non-
cooperative breeding) in Lamprologini cichlids endemic to Lake Tanganyika analyzed 
using a phylogenetic generalized linear model (PGLM). Neolamprologus niger, a basal 
species with an incompletely described social structure, was excluded from this analysis 
(n = 60 species). 

 
 
Supplementary table S5: Phylogenetic signals of life history traits (male and female 
body weight, total length, clutch size, and egg size) in lamprologini cichlids, calculated 

using the average value of each species. 

 



Supplementary table S6: Statistical information of phylogenetic path analysis. 

 

Models C statistic p value CICc ΔCICc
ACD 5.49 0.240 26.3 0
CD 9.91 0.129 27.5 1.23

ABCD 3.94 0.139 28.1 1.85
BCD 7.38 0.117 28.2 1.89
AD 21.21 0.002 38.8 12.53

ABD 19.66 < 0.001 40.5 14.17
BD 23.1 < 0.001 40.7 14.42
D 27.39 < 0.001 42 15.72

AC 30.5 < 0.001 48.1 21.82
C 34.92 < 0.001 49.5 23.25

ABC 29.11 < 0.001 49.9 23.62
BC 32.56 < 0.001 50.2 23.88
A 46.22 < 0.001 60.8 34.55

AB 44.83 < 0.001 62.4 36.15
B 48.27 < 0.001 62.9 36.61

null 52.4 < 0.001 64.2 37.92



 
Supplementary figure S1: Results of ancestral state reconstruction for social system of 
lamprologini cichlids endemic to Lake Tanganyika. Neolamprologus niger, a basal 
species with an incompletely described social structure, was excluded from this 
analysis.  
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lamprologini cichlids endemic to Lake Tanganyika. Neolamprologus niger, a basal 
species with an incompletely described social structure, was treated as a non-
cooperative breeder in this analysis.  

  



 

 

 
Supplementary figure S3: Relationship between prey and predator body size (SL in 
mm). These data were obtained from stomach content analysis.   

200 300 400 500

Bo
dy
 siz
e o
f p
rey
 ci
ch
lid
s (
SL
 in
 m
m)
 L. elongatus

N. fasciatus

L. kendalli

M. mooriiL. lemairii

L. mimicus

L. profundicola

Predatory cichlids Spiny eel200

150

100

50

0
100

Body size of predatory fish (SL in mm) 



 

Supplementary figure S4: Candidate models used in phylogenetic path analysis 
(PPA). Each model is a causal hypothesis built on four hypotheses, proposed by 
previous and present studies. Note that the null model consisted only of the path 
connecting BS and CS.  
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BS: Body size (log body wieght of female breeders)
CB: cooperative breeding or noncooperative breeding
CS: Clutch size (log egg number in ovary)
N: δ15N values, as a proxy for feed ecology

Hypothesis D: Cooperative breeding system reduce the 
clutch size, proposed by Arnold & Owens (1998). 

Hypothesis B: Feeding ecology affects the evolution of 
cooperative breeding system, 
proposed by Dey et al. (2017).

Hypothesis A: Cooperative breeding had evolved from
species with smaller body size because of predation 
pressure.

Hypothesis C: Body size can affect both feeding ecology.
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