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the exorbital and epibranchial teeth is faintly granulated, and the posterior region of the carapace 

has faint shallow grooves. The carapace height is equal to the front width (ch/fw 1.0), the 

carapace length is about twice that of the front width (cl/fw 2.3), and the carapace width is 3 

times the front width (cw/fw 3.0). The distal tooth on the inner margin of the cheliped merus is 

pointed, the inner margin of the cheliped carpus has two spine-like teeth unequal in size, and the 

dactylus of the major cheliped is arched. The branchiostegal sidewall suborbital region is 

smooth. The ischium of the third maxilliped is smooth, lacking a sulcus, and the s3/s4 sternal 

groove is complete and deep. Carapace proportions were calculated using museum specimen 

(NMU 4.VII.1988, male, cw 33.9 mm, 26.5 mm, ch 11.7 mm, fw 11.3 mm).  

Potamonautes obesus from Tanzania (NHM 2018.312, cw 44.8 mm, cl 34.3 mm, ch 17.1 

mm, fw 15.5 mm). The postfrontal crest is complete, the exorbital tooth is low and pointed, the 

epibranchial tooth is small and distinct, the posterior region of the carapace has only faint 

grooves, the anterolateral margin of the carapace is lined with fine granules, the anterolateral 

margin between the exorbital and epibranchial teeth is lined by small teeth, the carapace height is 

higher than the front width (ch/fw 1.1), the carapace length is about twice that of the front width 

(cl/fw 2.2), and the carapace width is about 3 times the front width (cw/fw 2.9). The distal tooth 

on the inner margin of the cheliped merus is pointed, the inner margin of the cheliped carpus has 

two spine-like teeth unequal in size, and the dactylus of major cheliped is arched with a distinct 

gape. The branchiostegal sidewall suborbital region is granulated, the ischium of the third 

maxilliped is smooth and lacks a sulcus, and sternal groove s3/s4 is complete but faint in the 

center.  

Potamonautes bayonianus from the D. R. Congo (NMU DRC 14.III.1970, cw 53.4 mm, 

cl 40.8 mm, ch 18.3 mm, fw 18.6 mm). The postfrontal crest is complete, the exorbital tooth is 
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low and pointed, the epibranchial tooth is small and distinct, the posterior region of the carapace 

has only faint grooves, the anterolateral margin of the carapace is lined with fine granules, the 

anterolateral margin between the exorbital and epibranchial teeth is lined by small teeth, the 

carapace height is equal to the front width (ch/fw 1.0), the carapace length is about twice that of 

the front width (cl/fw 2.1), and the carapace width is about 3x the front width (cw/fw 2.9). The 

distal tooth on the inner margin of the cheliped merus is pointed, the inner margin of the cheliped 

carpus has two spine-like teeth unequal in size, and the dactylus of major cheliped is arched with 

a distinct gape. The ischium of the third maxilliped is smooth and lacking a sulcus, and sternal 

groove s3/s4 is complete and deep.  

Potamonautes bellarussus from Tanzania (NHM 2018.311, cw 43.5 mm, cl 33.4 mm, ch 

13.8 mm, fw 13 mm). The postfrontal crest is complete, the exorbital tooth is low and pointed, 

the epibranchial tooth is a small granule, the posterior region of the carapace has deep grooves, 

the anterolateral margin of the carapace is lined with fine granules, the anterolateral margin 

between the exorbital and epibranchial teeth is lined by small teeth, the carapace height is equal 

to the front width (ch/fw 1.0), the carapace length is about 2.5 times that of the front width (cl/fw 

2.5), and the carapace width is about 3 times that of the front width (cw/fw 3.3). The distal tooth 

on the inner margin of the cheliped merus is pointed, the inner margin of the cheliped carpus has 

two spine-like teeth unequal in size, and the dactylus of major cheliped is arched with a distinct 

gape. The branchiostegal sidewall suborbital region is granulated, the ischium of the third 

maxilliped is smooth and lacking a sulcus, and sternal groove s3/s4 is complete but faint in the 

center. 

Potamonautes suprasulcatus from Tanzania (NMU 09.1965.1, cw 60.3 mm, cl 42.4 mm, 

ch 17.6 mm, fw 16.6 mm). The postfrontal crest is complete, the exorbital tooth is low and 
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pointed, the epibranchial tooth is small and distinct, the posterior region of the carapace has deep 

grooves, the anterolateral margin of the carapace is lined with fine granules, the anterolateral 

margin between the exorbital and epibranchial teeth is lined by small teeth, the carapace height is 

higher than the front width (ch/fw 1.1), the carapace length is about 2.5 times that of the front 

width (cl/fw 2.6), and the carapace width is about 3.5 times that of the front width (cw/fw 3.6). 

The distal tooth on the inner margin of the cheliped merus is pointed, the inner margin of the 

cheliped carpus has two spine-like teeth unequal in size, and the dactylus of major cheliped is 

arched with a distinct gape. The branchiostegal sidewall suborbital region is granulated, the 

ischium of the third maxilliped is smooth and lacking a sulcus, and sternal groove s3/s4 is 

complete but faint in the center. 

Potamonautes mulanjeensis from Malawi (cw 38.5 mm, cl 25.4 mm, ch 12.9 mm, fw 

12.4 mm). The diagnostic characters of P. mulanjeensis used here were based on the holotype of 

this species published by Daniels and Bayliss (2012, Fig. 5). The postfrontal crest is complete, 

the exorbital tooth is low and pointed, the epibranchial tooth is small and distinct, the posterior 

region of the carapace has deep grooves, the anterolateral margin of the carapace is lined with 

fine granules, the anterolateral margin between the exorbital and epibranchial teeth is lined by 

small teeth, the carapace height is equal to the front width (ch/fw 1.0), the carapace length is 

about twice that of the front width (cl/fw 2.0), and the carapace width is about three times that of 

the front width (cw/fw 3.1). The distal tooth on the inner margin of the cheliped merus is 

pointed, the inner margin of the cheliped carpus has two spine-like teeth unequal in size, and the 

dactylus of major cheliped is arched with a distinct gape. The branchiostegal sidewall suborbital 

region is granulated, the ischium of the third maxilliped has a deep vertical sulcus, and sternal 

groove s3/s4 is complete and deep. 
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Results of the Phylogenetic Analysis 

The results of the Bayesian analysis are shown in Fig. 14. Sudanonautes floweri and 

Liberonautes latidactylus were used as outgroups. Potamonautes bellarussus falls out on a 

separate lineage than the other Lake Malawi basin species. Potamonautes choloensis and P. 

obesus are the most basal species from the Rift Valley potamonautids in reference to branch 

lengths. The Lake Malawi basin freshwater crab fauna appears on its own clade of the 

phylogeny, while Platythelphusa armata is sister to the P. lirrangensis and P. montivagus clade 

(0.9 posterior probability). Sequences of P. lirrangensis s. l. from Lake Kivu are sister to each 

other with full node support. There is also strong support for the clade showing P. montivagus 

from Malawi and Mozambique as a sister group to P. lirrangensis s. l. from Lakes Malawi and 

Tanganyika (Zambia). The specimens from the Tanzanian crater lakes (Itamba and Kyungululu) 

initially identified here as P. montivagus were positioned on a separate clade to that occupied by 

the other specimens of P. montivagus from Malawi and Mozambique, and appear to be a 

different (and new) species of Potamonautes.  
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Figure 12. Illustration of the holotype of P. montivagus from Chace (1953) (M.C.Z. 12611, cw 

65.3 mm). a. dorsal view of carapace, b-c. major and minor chelipeds, d. sternum, e. third 

maxilliped with vertical sulcus on ischium, f-g. ventral views of gonopod 1, h. dorsal view of 

terminal article of gonopod 1 displaying rounded lobe, i. gonopod 2, j. superior view of gonopod 

1.
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Figure 13. Specimen initially identified as P. montivagus from Lake Kyungululu, Tanzania 

(NHM 2018.310, cw 56.8 mm). Dorsal view (top), frontal and ventral views of carapace, right 

and left gonopods 1 and 2 at x20 magnification, major (right) cheliped, G1 (right) dorsal and 

ventral views x30 magnification, G1 ventral x50 magnification, G2 x20 magnification (bottom 

right).  
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Figure 14. Bayesian tree topology (MrBayes) derived from 16S rRNA mtDNA sequences for 

species of Potamonautes from Lake Malawi and the Lake Malawi basin. Branch lengths 

proportional to the number of base changes per site. The Lake Tanganyika endemic species of 

Platythelphusa was also included, and Liberonautes and Sudanonautes were used as outgroups. 

The numbers above the nodes denote the Bayesian posterior probabilities. Taxon labels indicate 

GenBank/sequence ID, species name, and locality (for P. lirrangensis s. l. and P. montivagus). 

Only posterior probability values > 0.75 are shown, while values < 0.75 denoted with an asterisk 

(*).  
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CHAPTER THREE: CONCLUSIONS 

 

 

The phylogenetic relationships shown in the MrBayes 16S tree (Fig. 14) indicate that the ingroup 

taxa of this study form a polytomy with three main clades. Despite the lack of resolution at this 

level, there is enough detail available in the tree topology to resolve some of the key questions 

raised here regarding the taxonomic validity of P. lirrangensis s. l. and P. montivagus. The first 

clade of this polytomy includes the specimens from the two crater lakes in Tanzania (Lakes 

Kyungululu and Itamba) that were initially identified as P. montivagus, but that are now treated 

here as a new species of Potamonautes (sp. 2).  

The second clade groups the specimens from Lake Kivu initially identified as P. 

lirrangensis s. l. that are treated here as a new species of Potamonautes (sp. 1). And the third 

clade consists of two lineages, one that includes the Malawi Blue Crab from Lake Malawi and 

the specimens from southern Lake Tanganyika that were initially identified as P. lirrangensis s. 

l. but which are treated here as P. orbitospinus (Cunnington, 1907). The second lineage in this 

third clade includes specimens from Malawi and Mozambique that were identified initially as P. 

montivagus, and are treated here as this species.  

The molecular tree shown in Fig. 10 includes greater sampling and shows more detail of 

the diversification within P. montivagus in different localities across its range. However, many of 

the specimens are juveniles and subadults that proved difficult to identify morphologically, but 

which are grouped together on the molecular tree as part of the lineage representing P. 

montivagus. The MrBayes 16S tree also provides support for the continued recognition of five 
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other species found in the Lake Malawi drainage basin: P. bellarussus, P. choloensis, P. obesus, 

P. bayonianus, and P. mulanjeensis.

These topologies suggest a possible scenario for a speciation event between P. 

orbitospinus and P. montivagus that is linked to habitat. On the evolution of these sister taxa 

from a common riverine ancestor, one branch (P. orbitospinus) entered Lake Malawi and 

evolved several adaptations for lake life, while the other group (P. montivagus) remained in the 

riverine habitats in the surrounding catchment and accumulated fewer evolutionary changes. the 

The Malawi Blue Crab faces considerable predation pressure from a number of predatory fish 

species such as catfish and larger-mouthed cichlids (Kidd et al., 2003), predatory birds 

(Johnston, 1989), and otters (Mgoola & Msiska, 2017) associated with the lake. This intense 

predation pressure may have favored the evolution of the Malawi Blue Crab’s additional sharp 

spines on its carapace and chelipeds that serve to deter potential predators. In addition, P. 

montivagus that remained in the riverine environment has a higher, more inflated carapace 

(ch.fw 1.3) (associated with episodic air-breathing), while that of the lake-living fully aquatic P. 

orbitospinus (ch/fw 1.0) is flatter. For P. montivagus, more time spent on land would provide an 

increased potential to escape aquatic predators, and to respond to drops in water level or the 

seasonal drying out of its habitat.  

The highly variable and widespread riverine species, P. montivagus, is generally dark 

brown in color, its carapace and chelipeds have smooth margins that lack large pointed spines, 

and its walking legs are not noticeably elongated compared to other river-living species. On the 

other hand, the lake-dwelling P. orbitospinus has a bright blue body coloration with bright white 

margins, its carapace and chelipeds have toothed margins with large pointed spines, and its 

walking legs are noticeably elongated compared to those of P. montivagus. In addition, lake-
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living specimens previously identified as P. montivagus from the two Tanzanian crater lakes 

(Itamba and Kyungululu) studied here are colored bright red and have elongated walking leg 

segments (p2-p5) similar to that seen in the lake-living P. orbitospinus from Lake Malawi (and 

different from the walking legs of P. montivagus from the rivers of Malawi). Elongated leg 

segments of P. orbitospinus may reflect adaptations to locomotion in muddy-bottomed lakes, 

whereas the shorter leg segments of P. montivagus and other species of Potamonautes found in 

the Lake Malawi basin would allow better locomotion between the rocks of the beds of fast-

flowing rivers and streams. Interestingly, the species from the Tanzanian crater lakes does not 

have a heavily toothed carapace and spiny cheliped margins (as does the lake-living P. 

orbitospinus). Furthermore, the gonopod morphology (G1 terminal article shape) of P. 

orbitospinus of Lake Malawi is very similar to that of P. montivagus, and of the Tanzanian crater 

lake species of Potamonautes, and it is other carapace and pereiopod characters that are different 

between these three taxa. In addition, the red and blue coloration in these lake-living crabs might 

reflect adaptations to life at different depths in the lake, similar to those seen in species of 

Pundamilia cichlids found in Lake Victoria, another of the Rift Valley great lakes. These fish 

possess a gene which has been interpreted as an adaptation to habitats with contrasting light 

conditions varying at different depths or water clarity (Terai et al., 2017). The blue species of 

cichlid lives in clear, shallow waters while the red species of cichlid lives in deeper, murkier 

waters. A similar color adaptation may have evolved in the lake living crabs in the Lake Malawi 

basin, with the Malawi Blue Crab being adapted to the blue-tinged shallow waters of the lakes, 

while the red colored Tanzanian crater lake crabs may be adapted to the red-tinged deeper 

waters.  
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Lake Tanganyika hosts nine species of the genus Platythelphusa which have adaptations 

to the lake and are endemic to this habitat. These species are heavily armored, possess spines or 

granules on the external angles of the front margin of the carapace, have two to four large 

forward-pointing teeth on the anterolateral margin, three sharp carpal teeth on the cheliped, and 

sharp spines on the dactyli of p2-p5 (Cumberlidge et al., 1999). In addition three species of 

Platythelphusa have elongated p5 segments (P. tuberculata, P. polita, and P. conculcata). While 

P. orbitospinus does not exhibit the level of toothing on the carapace seen in these 

platythelphusids, the Lake Malawi specimens possess noticeably pointed teeth on the exorbital 

tooth and the cheliped carpus and merus. Only one species of Platythelphusa (P. tuberculata) has 

distinctly elongated waling legs that are seen in P. orbitospinus. These lake characteristics were 

not seen in P. lirrangensis s. l. from Lake Kivu (i.e., Potamonautes sp. 1), which may be because 

these crabs have only recently entered the lake environment, or it may be due to a lower 

predation pressure associated with the relatively small size of Lake Kivu (compared to Lakes 

Malawi and Tanganyika). 
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APPENDIX A 

GONOPOD MEASUREMENTS FOR P. LIRRANGENSIS S. L. FROM LAKE MALAWI 
(MALAWI), LAKE KIVU (D. R. CONGO), AND KIGOMA, TANZANIA. 

Also included are measurements for P. montivagus from Lake Itamba, Tanzania. Measurements 
taken from largest male representatives from each locality using Keyence digital microscope and 
recorded in mm.   
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APPENDIX B 

PROPORTIONAL SIZE OF LEG SEGMENTS FOR WALKING LEGS P2-P5 FOR P. 
LIRRANGENSIS S. L. FROM LAKE MALAWI (MALAWI), LAKE KIVU (D. R. CONGO), 
AND KIGOMA, TANZANIA. 

Measurements taken manually using calipers before calculating proportions. Largest male 
representatives used, when applicable. Measurements taken from published photographs of 
specimens from Liranga, Kisangani, and (one of two) Lake Kivu localities. 
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APPENDIX C 

 

 

 

MEASUREMENTS OF LEG SEGMENTS FOR WALKING LEGS P2-P5 FOR SPECIMENS 
OF P. LIRRANGENSIS S. L. FROM LAKE MALAWI, LAKE KIVU, TANZANIA, D. R. 
CONGO.  

 

 

 

Measurements taken manually along midline of each segment using calipers and recorded in 
mm. Published photographs of specimens were measured for the samples from lake Kivu 
(Bott,1955), Liranga, and Kisangani (Rathbun, 1921). The holotype from Lake Malawi 
(Cunnington, 1907) was measured directly.   
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APPENDIX D 

 

 

 

PROPORTIONAL SIZE OF LEG SEGMENTS FOR WALKING LEGS P2-P5 IN P. 
MONTIVAGUS FROM CHOLO MOUNTAIN IN MALAWI AND FROM TWO CRATER 
LAKES IN SOUTHWEST TANZANIA.  

 

 

 

Table showing the proportions of leg segment lengths (against front width). Specimens from 
Lakes Itamba and Kyungululu in Tanzania here identified as a new species (Potamonautes sp. 2). 
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APPENDIX E 

 

 

 

MEASUREMENTS AND PROPORTIONAL SIZE OF LEG SEGMENTS FOR SPECIES OF 
POTAMONAUTES FOUND IN THE LAKE MALAWI BASIN.  

 

 

 

Measurements were made along the midline of each segment using digital calipers and all results 
are recorded in mm. The relative proportions of each segment (against front width) are shown on 
the right of the green column.  
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APPENDIX F 

 

 

 

MEASUREMENTS OF LEG SEGMENTS FOR P. MONTIVAGUS FROM MALAWI AND 
SPECIES OF POTAMONAUTES FROM TWO TANZANIAN CRATER LAKES.  

 

 

 

Specimens from Lakes Itamba and Kyungululu in Tanzania were here identified as a new species 
(Potamonautes sp. 2). Measurements were made along the midline of each segment using digital 
calipers and all results are recorded in mm.  
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APPENDIX H 

 

 

 

MAP SHOWING THE DISTRIBUTION OF POTAMONAUTES SUPRASULCATUS 
(HILGENDORF, 1898).  

 

 

 

This species is found in Malawi, Tanzania, and Zambia. 
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APPENDIX I 

 

 

 

MAP SHOWING THE DISTRIBUTION OF POTAMONAUTES CHOLOENSIS (CHACE, 

1953).  

 

 

 

This species is found in Malawi, Tanzania, and Mozambique. 
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APPENDIX J 

MAP SHOWING THE DISTRIBUTION OF POTAMONAUTES MULANJEENSIS (DANIELS 
& BAYLISS, 2012). 

 This speciesis only known from Mount Mulanje in Malawi. 
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APPENDIX K 

MAP SHOWING THE DISTRIBUTION OF POTAMONAUTES BELLARUSSUS (DANIELS, 
PHIRI, & BAYLISS, 2014).  

This species is found in Mozambique and Tanzania.


