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Abstract

Open-coiled shells are rarely observed in gastropods, but they may occur at a relative frequency ranging from a
small percentage of specimens in a population up to being specific to populations or even species. The origin of
such corkscrew-like shells are poorly understood, but may include developmental anomalies, ecophenotypic
plasticity or genetic inheritance. Here, we report the first case of gastropods from Lake Malawi with corkscrew-
like shells, and we use comparative molecular studies with two mitochondrial gene fragments (COl and 16S rRNA)
to examine its origin. The specimens belong to the genus Bulinus, more specifically to one of five clades of Bulinus
recovered from the Malawi Basin. Beyond being seemingly specific to one of these Bulinus clades, network
analyses indicate low genetic differentiation from the other, regularly shaped specimens in this clade. Although
our results do not fully discard the possibility of corkscrew-like shells being genetically inherited or being caused
by growth disturbance, their restrictive occurrence in a few geographically isolated populations in sympatry with
specimens displaying a regular shell shape supports the hypothesis that the corkscrew-like shell shape in Bulinus
are caused by ecophenotypic plasticity. For now, it is unclear whether aspects of the physical environment, or

biotic interactions, such as a release from predation, caused the corkscrew-like morphotype. The phenomenon may
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have been caused by the multiple environmental changes that Lake Malawi has been undergoing over recent

decades.

Key Words: ecophenotypic plasticity, ecological stress, shell-shape evolution, shell variability



35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Introduction
Gastropod species occupy an iconic place in the faunas of many ancient lakes, both because of their high levels of
endemism and their morphological disparity (see e.g. Brooks, 1950; Michel, 1994; Moore, 1898). Whether such
morphological disparity has evolved by adaption and to what extent disparity in gastropod shell shape correlates
with environmental conditions or the occupation of a diverse set of microhabitats are issues that are still highly
debated in evolutionary biology and palaeontology (e.g. Annandale, 1924; Geary et al., 2002; Gorthner, 1992;
Rasser and Covich, 2014; Van Bocxlaer, 2017; Vermeij and Covich, 1978). In short, gastropod shell shape figures
prominently in the discussion about diversification dynamics in ancient lakes (Albrecht et al., 2010; Glaubrecht,
2008; Salzburger et al., 2014; Van Bocxlaer et al., 2008, 2020), but the utility of certain morphological traits is
often poorly understood, especially for unique and unusual shell forms. Such phenotypes include, for example, the
extraordinarily large aperture of Radix pinteri (Lymnaeidae) endemic to ancient Lake Prespa (Albrecht et al.,
2008), long spines in Tiphobia horei (Paludomidae) endemic to Lake Tanganyika (Glaubrecht, 2008), strong ribs
in Megalovalvata piligera nudicarinata (Valvatidae) endemic to Lake Baikal (Egorov, 2006), a keel made up of
triangular segments in Angulyagra (Acanthotropsis) partelloi (Viviparidae) endemic to Lake Lanao (Bartsch,
1909), or (partly) openly coiled shell in Liobaicalia stiedae (Amnicolidae), Heleobia mirum (Cochliopidae), and
Gocea ohridana (Hydrobiidae) endemic to lakes Baikal, Titicaca, and Ohrid, respectively (Hauffe et al., 2010;
Kroll et al., 2012; Sitnikova et al., 2001). Open-coiling is a rare condition in which successive whorls, which are
usually tightly coiled and overlapping, have become detached but are still coiled in a fairly uniform logarithmic
spiral. The phenomenon gives shells a corkscrew-like appearance, and although it is infrequent among freshwater
gastropods, such shell shapes appear in various taxa across marine, freshwater and terrestrial ecosystems around
the globe (Clements et al., 2008; Clewing et al., 2015; Rex & Boss, 1976). Sometimes corkscrew-like shells occur
in a small proportion of specimens of a population, but in other cases open-coiling defines the shell shape of entire
populations. Depending on the frequency of corkscrew-like shells the phenomenon is considered as a species-
specific trait or as ecophenotypic modifications occurring sporadically among certain populations of a single
species (Clewing et al., 2015; Table 1). By definition ecophenotypic changes are triggered by the environment,
related to abiotic factors (e.g. changes in water chemistry; Rasser et al., 2014), ecological/physiological stress
and/or biotic interactions (e.g. parasitism and predation; Zuykov et al., 2012).

Here, we report the first live-collected specimens of a freshwater gastropod from ancient Lake Malawi
(Lake Niassa/Nyasa) that displays a corkscrew-like shell shape. This meromictic lake is located at the southern
end of the western branch of the East African Rift System and of all African lakes it is in age (c. 5 Ma) and depth

(~700 m) only surpassed by Lake Tanganyika (Salzburger et al., 2014). The open-coiled specimens belong to the
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genus Bulinus, which is widespread in Africa and the Middle East (Brown, 1994). This genus is of great medical
and veterinary interest because several of its species serve as intermediate hosts for blood flukes of the genus
Schistosoma (Trematoda). These parasites are responsible for schistosomiasis, a debilitating tropical disease
affecting humans and livestock (Brown, 1994). In Lake Malawi, four different Bulinus species occur, two of which
are endemic to the lake (Albrecht et al., 2018): B. forskalii (B. forskalii group), B. globosus (B. africanus group),
B. nyassanus (endemic; B. tropicus/truncatus complex), B. succinoides (endemic; B. tropicus/truncatus complex).
Of these, B. globosus and B. nyassanus are known to transmit Schistosoma haematobium (Madsen et al., 2001;
Marti et al., 1985) which causes human urinary schistosomiasis. This disease experienced an upsurge in incidence
around the shorelines of Lake Malawi over recent decades (Van Bocxlaer et al., 2014).

We here used genetic data based on two mitochondrial markers to examine whether the corkscrew-like
shells in Bulinus found in Lake Malawi may represent an ecophenotypic phenomenon or whether these individuals
are genetically divergent from their regular-shaped relatives and may thus represent a potential new species. This
question is also pertinent for other corkscrew-like specimens, such as those of Heleobia mirum from ancient Lake
Titicaca, for which it remains uncertain whether they represent a valid species or result from hybridization,
incomplete lineage sorting, ecophenotypic plasticity, or confused taxonomy (Kroll et al., 2012).

Given that few corkscrew Bulinus specimens were found, and that they occur in samples that also
contained tightly coiled specimens, we hypothesize that their morphology reflects a growth disturbance or
ecophenotypic plasticity. However, given that Lake Malawi is the only large lake on the African continent with
endemic Bulinus species, including one that has colonized deep waters (Mandahl-Barth, 1972), we cannot exclude
the possibility that the specimens represent a rare new species. We tested this hypothesis with phylogenetic and

phylogeographical studies of various Bulinus populations throughout the Malawi Basin.

Material & Methods

Sampling

Specimens of the freshwater gastropod genus Bulinus were collected in the Lake Malawi catchment in August
2006 by T. Geertz and R. Schultheif3, in October 2007 by T. Geertz and D. Simbeye, and in September 2014 by
B. Van Bocxlaer from a total of 16 localities (see Fig. 1), they were preserved in 80% ethanol. The hitherto
unknown specimens with a corkscrew-like shell (Fig. 2) were found during dredging at two close by locations
(sites MWO06 and MWOQ7, ~39 m depth; see Fig. 1) offshore Monkey Bay in the southern region of the Malawi
Basin. These specimens were photographed with a digital microscope system (KEYENCE VHX-2000;

KEYENCE Corp., Itasca, IL, USA).
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DNA isolation, PCR, and sequencing

Genomic DNA was extracted from a total of 29 specimens (including 4 specimens with an aberrant shell morph)
using the CTAB protocol described by Wilke et al. (2006). We amplified two mitochondrial gene fragments, i.e.
cyctochrome oxidase ¢ subunit I (COI, 390 bp length) and large ribosomal subunit (16S, 344-444 bp length) using
the primers ASMIT1 and ASMIT2 (Stothard & Rollinson, 1997) and 16Sar and 16Sbr (Palumbi et al., 1991),
respectively. Polymerase chain reaction (PCR) was performed with the settings specified by Jargensen et al.
(2007). PCR products were sequenced on an ABI 3730 XL sequencer at LGC Genomics (Berlin, Germany) using
the Big Dye Terminator Kit (Life Technologies). Vouchers (i.e., DNA, images, and shells) are stored in the

Systematics and Biodiversity collection of the Justus Liebig University, Giessen (UGSB; see Table 2 for details).

Dataset compilation and DNA alignment
For comparison, our molecular dataset (26 COIl and 18 16S sequences) was completed with sequences from NCBI
GenBank (30 COI and 20 16S sequences; see Table 2). The final dataset consists of 57 specimens representing 21
nominal species (including the Lake Malawi endemics B. nyassanus and B. succinoides) and Bulinus spp. covering
the total distribution range of the genus (Africa, Madagascar, and the Middle East). The planorbid Helisoma duryi
was used as outgroup (COIl: AY577513, 16S: AY577472).

The protein-coding COI gene fragment (390 bp) was aligned by eye using the sequence alignment editor
BioEdit version 7.2.5 (Hall, 1999). The non-coding 16S gene fragment was aligned using the default settings of
MAFFT as available at https://www.ebi.ac.uk/Tools/msa/mafft (Katoh and Standley, 2013) leaving a final
alignment of 460 bp. Both fragments were concatenated for the subsequent phylogenetic analysis resulting in a

final alignment length of 850 bp.

Phylogenetic and phylogeographical analyses

Phylogenetic relationships within Bulinus were reconstructed using Bayesian inference as implemented in
MrBayes version 3.2.2 (Ronquist et al., 2012). The settings were chosen as follows: number of MCMC generations
= 4,000,000; sample frequency = 100; burnin = 10,000 (25%); number of runs = 2. Partition-specific substitution
models were selected using jModelTest version 2.1.4 (Darriba et al., 2012) based on the corrected Akaike
information criterion (AICc). Accordingly, HKY+I+I" was selected for the COIl partition and GTR+I+T" for the
16S partition. The effective sample size (ESS) of the parameters for both runs were checked on Tracer version 1.5

(Rambaut and Drummond, 2007).
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A statistical parsimony network analysis was performed on the COI dataset of the clade that contained
Bulinus specimens with a corkscrew-like shell (eight specimens in total) using TCS version 1.21 (Clement et al.,

2000) with a connection limit of 95%.

Results & Discussion

In total, six specimens from two localities at the southern part of Lake Malawi (MWO06 and MWO7, see Fig. 1)
displayed an aberrant corkscrew-like shell shape. Unfortunately, DNA was successfully amplified for only one
(MWO06/1) out of the four specimens (see Fig. 2) from which DNA was extracted. No DNA was extracted from
the remaining two specimens because intact vouchers were required depending on the results of our study, i.e. in
case our analyses would indicate a new species.

Bayesian inference on our dataset of 57 specimens representing 21 nominal species resulted in high ESS
values (>3,000) for all major parameters, which indicated that our runs attained stationary and that the analysis
was robust. The resulting phylogeny reveals one highly-supported species complex (see Fig. 3A; A: B.
truncatus/tropicus complex, posterior probability, PP 0.95) and three moderately to highly-supported species
groups (see Fig. 3A, B: B. africanus group, PP 1.00; C: B. forskalii group, PP 0.90; and D: B. reticulatus group,
PP 0.93), which is consistent with previous molecular phylogenetic studies on Bulinus (Jgrgensen et al., 2007;
Kane et al., 2008; Stothard et al., 2001; Tumwebaze et al., 2019). Accordingly, the B. africanus group forms a
highly-supported (PP 0.99) sister to the B. forskalii group, which together are sister to the B. truncatus/tropicus
complex (PP 0.95). The B. reticulatus group (here represented only by B. wrighti) is sister to all other
groups/complexes (PP 1.00).

Our phylogeny revealed the existence of five clades/lineages from Lake Malawi (clades I.-V.; PP ranging
from 0.67 up to 1.00; see Fig. 3A) and an additional B. globosus lineage from the Shire River (clade VI.; PP 0.53;
see Fig. 3A). Four of the Lake Malawi lineages cluster within the B. truncatus/tropicus complex and the other
lineage, i.e. B. globosus from Lake Malawi, clusters within the B. africanus group (see Fig. 3A). Interestingly, all
lineages within the B. truncatus/tropicus complex seem to be monophyletic (partly with weak support) and consist
of specimens only found in the lake, suggesting that these clades are potentially endemic to Lake Malawi.
Moreover, our analyses reveal some geographical structure. Specimens of clade | and Il were only found in the
southern part of the lake (mainly around Monkey Bay) whereas clade I11 only in the north-western part (close to
the city Karonga, see Fig. 1). Clade IV consists of an isolated specimen from the north that appears distinct from
the well-supported clade I1l. However, based on the current dataset, we are not able to resolve the relationships

between these potentially endemic lineages and their sister groups due to the polyphyletic assemblage within the
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B. truncatus/tropicus complex (see Fig. 3A), which also plagued earlier studies (Jgrgensen et al., 2007; Stothard
et al., 2001). Hence, further studies using high-resolution genome-wide loci based on next-generation sequencing
techniques such RADseq (see e.g. Miura et al., 2019; Razkin et al., 2016) are required to better understand intra-
generic relationships.

The phylogeny further revealed that the corkscrew-like specimen clusters within clade | (in the B.
truncatus/tropicus complex). This clade is geographically constrained to the area of Monkey Bay, and it also
contains specimens of B. nyassanus. Further examination of this clade with a statistical parsimony network
analysis (see Fig. 3B), indicated that the specimen with corkscrew-like shell is separated from other specimens in
clade I with regular shells by five to eight mutational steps. Phylogenetic and network analyses of clade | therewith
indicate a short genetic distances between the specimen with corkscrew-like and those with regular shells, which
suggests that growth deformation or ecophenotypic plasticity may have led to the observed shell variability. If the
corkscrew-like shell morphology would be due to a general growth deformation, then we would expect to
sporadically find Bulinus individuals with corkscrew-like shells across Bulinus populations, however,
interestingly, all observed corkscrew-like Bulinus specimens have a very restricted geographical occurrence and
they all occupy deep waters. Therefore, our data are most congruent with the hypothesis of ecophenotypic
plasticity. Such plasticity may represent a possible response to habitat heterogeneity (Pigliucci, 2001; Schlichting
& Pigliucci, 1998) and it may even be a precursor to speciation (e.g. Pfennig et al., 2010). The cause of the observed
plasticity is currently unknown, but it may relate to changes in water chemistry (Arter, 1989; Dunithan et al.,
2012). Early embryonic exposure of Biomphalaria glabrata and Physa acuta to pharmaceutical chemicals has
been demonstrated to result in open-coiling (Baynes et al., 2019). Unfortunately, detailed data on water chemistry
and how it has changed over time are not available for the sampling sites examined. However, over the last 30
years, the human population density in Malawi has more than doubled and thus agricultural land use has
significantly increased and affected lakeshore habitats (\VVan Bocxlaer et al., 2014). The consequences for ancient
Lake Malawi are, among others, a gradual increase of sedimentation and eutrophication, especially in the south of
the lake (Otu et al., 2011) where the corkscrew-like Bulinus specimens were found. Thus, alterations in the benthic
ecosystem might explain ecophenotypic shell shape changes in Bulinus. However, given the limited frequency
with which corkscrew-like Bulinus specimens have been found, other factors such as ontogenetic changes cannot
be ruled out. Besides environmental parameters, parasites such as trematodes may be considered to have caused
shell alterations (Krist, 2000; McCarthy et al., 2003). Interestingly, the Lake Malawi endemic B. nyassanus, which
clusters within the same clade as the corkscrew-like Bulinus, is known to be the intermediate host for the urinary

blood fluke Schistosoma haematobium (Madsen et al., 2001). However, because the corkscrew-like Bulinus
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specimens were not found near the shoreline and because no macroparasites were observed during the preparation,
the role of micro- and macroparasites remains uncertain.

The present study is based on very few specimens, and genetic data of a single specimen only, which is
placed in an incompletely resolved phylogeny. Additional specimens and other genetic markers will need to be
examined to verify the phylogenetic position of the corkscrew-like Bulinus specimens and whether they form a

genetically distinct clade.
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Table 1. Selected taxa of recent freshwater gastropods showing corkscrew-like shells. Modified from Clewing et

Tables

al. (2015). *according to Albrecht et al. (2019).

Family Species Location Reference (plus shell shape)
. . ) . . B. Van Bocxlaer
Ampularidae Pomacea canaliculata® inbred aquarium lineage
\/\ pers. obs.
{ )
o S endemic to Lake Baikal, L Q
Amnicolidae Liobaicalia stiedae® . Sitnikova et al., 2001 f’ )
Russia /
& \0
o . Lake Malawi, Malawi .
Bulinidae* Bulinus sp.B this study
(Monkey Bay)
o o endemic to Lake Titicaca,
Cochliopidae Heleobia mirum# o Kroll et al., 2012
Bolivia/Peru
= . endemic to Lake Ohrid,
Hydrobiidae Gocea ohridana® . . Hauffe et al., 2010
Macedonia/Albania
. . former USSR, Germany,
Lymnaeidae Lymnaea stagnalis® Zuykov et al., 2012 A
or USA /
=)
T
Planorbidae Anisus leucostoma® Germany (laboratory) \< Boettger, 1949
U~
Biomphalaria glabrata® Saint Lucia (laboratory) Basch, 1968 g
2
Lake Bangong system, 1 .
Gyraulus sp.B ) . Clewing et al., 2015
Tibetan Plateau, China 6
. Valvata lewisi® Lake Superior drainage,
Valvatidae Burch, 1989

(morph ontariensis)

northwestern Ontario, Canada

ACorkscrew-like shell = species-specific character.

BCorkscrew-like shell = sporadic intraspecific trait.
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Table 2. List of studied specimens including taxon, specimen code, locality information, voucher number (stored

at the UGSB database), and GenBank accession numbers. Note that B. guernei is regarded as a synonym of B.

truncatus according to Brown et al. (1986). The outgroup taxon used for the phylogenetic analysis Helisoma duryi
(COIl: AY577513, 16S: AY577472) is not listed here.

. GenBank GenBank
Speci Specimen . . Voucher 3 ;
pecies code Location Coordinates no accession  accession
) no. COI no. 16S
Bulinus truncatus/tropicus complex
‘B. guernei’ SNO1.1 Senegal N/A EU076716 EU076725
B. hexaploidus ETO1.1 Ethiopia N/A EU076717 EU076723
B. liratus MGO01.1 Madagascar N/A AF369590 AY029543
B. natalensis TZ01.1 Tanzania N/A EU076719 EU076730
B. nyassanus MWO01.1 Malawi, Lake Malawi N/A AY577510 AY577470
MwO02.1 Malawi, Lake Malawi, Monkey Bay =~ N/A AM921838 -
B. pemembraneus  KEO1.1 Kenya N/A EU076719 EU076724
B. succinoides MWO03.1 Malawi N/A EU076720 EU076729
. Malawi, Nkhotakota, Lake Malawi -12.91953°N  UGSB )
Bulinus sp. MWO04.1 (shore) 34.30137°E 22067 MT441583
Malawi, Nkhotakota, Lake Malawi -12.91953°N  UGSB
MWO04.2 (shore) 34.30137°E 22968 MT441582 MT396503
Malawi, Karonga, Lake Malawi -9.89302°N UGSB
MWO05.1 (shore) 33.92841°E 22275 MT441580 MT396501
Malawi, Monkey Bay, Lake -14.05566°N  UGSB
MWOB.1  Malawi (offshore, ~39 m depth) ~ 34.92276°E 22331 ~ MT441578  MT396505
MWO7.1 Malawi, Monkey Bay, Lake -14.04809°N  UGSB ) )
) Malawi (offshore) 34.92171°E 22332
MWO7.2 Malawi, Monkey Bay, Lake -14.04809°N  UGSB ) )
) Malawi (offshore) 34.92171°E 23343
MWO7.3 Malawi, Monkey Bay, Lake -14.04809°N  UGSB ) )
' Malawi (offshore) 34.92171°E 23344
Malawi, Karonga, Lake Malawi -9.95860°N UGSB )
MWOB.1  (iffshore, ~11 m depth) 33.04851°E 21855 ~ M1441568
Malawi, Karonga, Lake Malawi -9.95873°N UGSB
MWOS.1 (offshore, ~8 to 16 m depth) 33.04894°E 21858 ~ MT441567  MT396492
Malawi, Karonga, Lake Malawi -9.94955°N UGSB
MWIO1 (offshore, ~35 m depth) 33.95032°E 21861  MT1441579 MT396500
Malawi, Monkey Bay, Lake Malawi  -14.05723°N  UGSB )
MW11.1 (offshore, ~20 m depth) 34.91818°E 21849 MT441566
Malawi, Monkey Bay, Lake Malawi  -14.05163°N  UGSB
MWI2.1  (offshore, ~6 to 10 m depth) 34.91516°E 23345 ~ MT441576  MT396499
Malawi, Monkey Bay, Lake Malawi  -14.05163°N UGSB
MWI2.2 (ffshore, ~6 to 10 m depth) 34.91516°E 23346 ~ MT441575  MT396498
Malawi, Monkey Bay, Lake Malawi  -14.05163°N  UGSB
MWI2.3  (offshore, ~6 to 10 m depth) 34.91516°E 23347 ~ MT441574  MT396497
Malawi, Monkey Bay, Lake Malawi  -14.05163°N  UGSB
MWI124  (ffshore, ~6 to 10 m depth) 34.91516°E 23348 ~ MT441573  MT396496
Malawi, Chembe, Lake Malawi -14.03101°N  UGSB )
MWI3.1  (offshore, ~2.5 m depth) 34.82889°E 23353 ~ MT1441572
Malawi, Chembe, Lake Malawi -14.03101°N  UGSB
MWI3.2 (ffshore, ~2.5 m depth) 34.82889°E 23354 ~ MT441570  MT396493
Malawi, Monkey Bay Lake Malawi, -14.07023°N  UGSB )
MWI41 " (shore) 34.91713°E 23355 ~ MT441569
B. truncatus CMO01.1 Cameroon N/A AF369747 -
IRO1.1 Iran N/A EU076721 EU076728
SD01.1 Sudan N/A AF369605 -
MW15.1 Malawi N/A AF369604  AY029549
CDO01.1 DR Congo N/A - EU076726
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B. tropicus KEO02.1
ZM01.1
ZW01.1
Bulinus africanus group

B. globosus MW16.1
MW16.2
MW17.1
MW17.2
MW17.3
Mw18.1
MwW18.2
MW19.1
MW19.2
Mw20.1
MWO05.2
TZ02.1

NEO1.1

B. africanus ZAO01.1
B. nasutus TZ03.1
B. umbilicatus NEO2.1
MGO02.1

B. obtusispira

Bulinus forskalii group

B. forskalii TZ04.1

MGO03.1
B. crystallinus AOO01.1
B. bavayi MG04.1
B. cernicus MUO1.1
B. scalaris KEO3.1
B. senegalensis MLO1.1

Bulinus reticulatus group
B. wrighti OMO01.1

FRO1.1

Kenya
Zambia

Zimbabwe

Malawi, Karonga, Lake Malawi
(beach pool, ~50 m inland)
Malawi, Karonga, Lake Malawi
(beach pool, ~50 m inland)

Malawi, Liwonde, Shire River
Malawi, Liwonde, Shire River

Malawi, Liwonde, Shire River

Malawi, Karonga, North Rukuru
River (estuary of Lake Malawi)
Malawi, Karonga, North Rukuru
River (estuary of Lake Malawi)
Malawi, Karonga, Lake Malawi
(beach pool,~20 m inland)

Malawi, Karonga, Lake Malawi
(beach pool, ~20 m inland)

Malawi, Nkhata Bay, Lake Malawi

(shore)
Malawi, Karonga, Lake Malawi
(shore)

Tanzania
Niger

South Africa
Tanzania
Niger

Madagascar

Tanzania
Madagascar
Angola
Madagascar
Mauritius
Kenya

Mali

Oman

France, laboratory stock

N/A

N/A

N/A

-9.89932°N
33.94370°E
-9.89932°N
33.94370°E
-15.05699°N
35.22272°E
-15.05699°N
35.22272°E
-15.05699°N
35.22272°E
-9.90855°N
33.95027°E
-9.90855°N
33.95027°E
-9.93023°N
33.94670°E
-9.93023°N
33.94670°E
-11.59727°N
34.30258°E
-9.89302°N
33.92841°E

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

UGSB
21857
UGSB
21856
UGSB
21845
UGSB
21846
UGSB
23338
UGSB
23349
UGSB
23350
UGSB
23351
UGSB
23352
UGSB
22256
UGSB
22274

AF369602

AF369603

EU076722

MT441562

MT441563

MT441564

MT441565

MT441584

MT441571

MT441587

MT441585

MT441586

MT441577

MT441581

AF369595

AF369596

AF369601

AF369598

AF369600

AF369588

AF369610

AF369742

AF369593

AF369613

AF369740

AF369745

AF369615

AF369614

EU076728

MT396488

MT396489

MT396490

MT396491

MT396495

MT396504

MT396494

MT396502

AY029546

AY029547

AY029542

AY029550

AY029545

AY029544

AY029552
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Figures

Figure 1. Sampling sites (with location codes, see Table 2) of Bulinus spp. at Lake Malawi and its catchment area.
Detailed locality information is given in Table 2. Location symbols either denote specimens belonging to the B.
truncatus/tropicus complex (circles) or to the B. africanus group (triangles). Symbol colours indicate whether the
site is located within Lake Malawi (green) or outside the main water body (blue). The two locations where
corkscrew-like specimens were observed are highlighted with a red frame.
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Figure 2. Specimens of Bulinus sp. from Lake Malawi with a corkscrew-like shell shape (specimens MW06.1,

MWO07.1-3). The line drawing indicates a specimen with a regular shell for comparison (MW12.4; from a site
located nearby MWO06 and MWO7; see Fig. 1). Scale bar = 0.5 mm.
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Bulinus sp.
Bulinus sp.
B. nyassanus
B. nyassanus
Bulinus sp.
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Bulinus sp.
Bulinus sp.
0.96 Bulinus sp. MW06.1
B. truncatus
057 B. truncatus
0.65 tB. guernei
H'@ B. hexaploidus
1@ B. truncatus
‘@ B. pemembraneus
Bulinus sp.
Bulinus sp.
063 Bulinus sp.
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0.93 B. globosus
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Figure 3. (A) Phylogeny constructed with Bayesian inference of Bulinus spp. based on two mtDNA fragments
(COl and 16S). Helisoma duryi was used as outgroup but is not shown here. Specimens from Lake Malawi are
highlighted with green symbols, all non-Lake Malawi specimens with blue symbols (for the single specimen
marked with a white circle, detailed locality information are missing). While the symbols denote species groups
according to Stothard et al. (2001): circle — B. tropicus/truncatus complex; triangle — B. africanus group; square —
B. forskalii group; rhomb — B. reticulatus group. Clades/lineages composed of Lake Malawi specimens are
indicated by dark-grey bars (I-VI). Bayesian posterior probabilities (>0.50) are provided next to the nodes. (B)
Statistical parsimony network (connection limit: 95%) of clade I-Bulinus specimens from Lake Malawi.
Haplotypes are illustrated with their shell shape, and the corkscrew-like specimen is again highlighted in grey.
Note that the shell shape of MWO02.1 is replicated from MWOL1.1, because the specimen was not imaged and

therefore it is illustrated with a dashed line. Scale bar = 0.5 mm.



