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Aims and scopes of the thesis

The thesis comprises from the five main parts: three of them are published papers, the
rest two are manuscripts prepared for submitting to the scientific journals. The first two are
published phylogenetic studies of the cichlasomatine cichlids based on (1) molecular
characters, and (2) both morphological and molecular data with the description of a new
genus Andinoacara. The next unpublished manuscript (3) is the more detailed comprehensive
phylogeography of the two non-relative genera (including Andinoacaras) of the trans-Andean
cichlids. Including all valid species from the majority of their areals it reconstructed the
ancestral area of both genera in the Choco region, Colombia, and revealed the directions of
their distribution spreading. The forth (4) is the already published description of the new
species Andinoacara stalsbergi from Peru combining both morphological and phylogenetical
approaches and including the detailed phylogeny of the genus Andinoacara. The last (5)
unpublished manuscript is the phylogeographical study of the cichlid genus Serranochromis
from the headwaters of the totally unknown Central Angola. It showed several evidences of
the faunal exchange among the adjacent river systems. Lastly, the thesis is supplemented by
several appendices including some additional results produced during the cichlid studies,

several popular papers, and some posters presented in international conferences.



Introduction

Cichlids as Gondwanian elements

Cichlid fishes represent one of the most speciose perciform families with more than
1600 valid species up to date (Froese & Pauly, 2010) with additional several hundreds of
species estimated to be described (Stawikowski & Werner, 1998). The cichlids are typical
element with Gondwanian ditribution, i.e. their distribution pattern was influenced by the
Gondwana break-up during the Cretaceous (Sparks and Smith, 2004, Murray, 2001). Recently,
they are distributed throughout South and Central America, West Indies, Africa, Levant, Syria,
Iran, India, Sri Lanka, and Madagascar (Stiassny, 1991, Nelson, 1994, Murray, 2001) with the
most of their diversity concentrated in the Sub-Saharan Africa and the Neotropics.

The origin of cichlids has been considered to lie in Madagascar. The Malagasy
cichlids are presented by two lineages, one sharing with the Indian cichlids and one endemic
to Madagascar (Sparks, 2008). These lineages were recognised as two basal assemblages in
performed molecular studies focused on a cichlid phylogeny (Farias et al., 1999, Farias et al.,
2001), however the Malagasy lineages were just poorly represented in the data sets of above
cited studies. The more intensive taxon sampling in the basal lineages revealed that the two
Malagasy groups of cichlids are sister clades, although very distant. Together, they represent
the sister clade to the African—Neotropical cichlids (Sparks and Smith, 2004, Sparks, 2008).
While only few tens of species are distributed in Malagasy lineages, the major portion of the
cichlid diversity lies within the African and Neotropical clades representing the two sister
monophyletic groups (Froese and Pauly, 2010).

Concerning the separation of the Neotropical and African cichlids, there are two
alternative hypotheses. The first hypothesis of the continental distribution suggests that the
common ancestor of the African—Neotropical clade is dated to 100-120 mya (Spark and Smith,
2004), as the lineage divergence had to predate the African and South American continent
separation (Farias et al., 1999, Spark and Smith, 2004). The second hypothesis proposes the
over-ocean distribution later after the continent separation, in ~ 55 Mya. The ancestor would
have to reach the South American continent by the ocean streams and along the zone of ocean
islands (Murray, 2001). The main reason supporting the second hypotheses is the lack of
fossil material from the period of 50 — 100 Mya (Murray, 2001). Unfortunately, both

hypotheses are still very poorly supported by any conclusive study.



Phylogeny of cichlids

The present view on the cichlids as the two monophyletic clades was not thought untill
the molecular methods came to phylogeny studies. Previous morpohology-based phylogenetic
studies on the Neotropical cichlids (Kullander, 1998, Stiassny, 1991) placed congruently the
African genus Heterochromis directly inside the neotropical clade. This was, however,
rejected by all following molecular studies (e.g., Farias et al, 1999, Farias et al, 2001, Lopez-
Fernandez, 2010, Sparks and Smith, 2004, Smith et al., 2008), and the neotropical cichlids has

been definitely found as a monophyletic unit.

Etroplinae (Madagascar + India)

Ptychochrominae (Madagascar)

Pseudocrenilabrinae (Africa)

Cichlinae (Neotropics)

Fig. 1 — Schematic phylogeny of cichlid subfamilies. Adopted and simplified from Sparks and
Smith, 2004.

Research on the African riverine cichlids

Obviously, the most of research focus performed on African cichlids is oriented to the
lacustrine species flocks from the Malawi, Tanganjika and Victoria lakes (e.g., Strumbauer et
al., 2010, Koblmuller et al., 2008, Genner et al., 2007), although riverine cichlids has been
also intensively studied covering the major river systems in sub-Saharan Africa (Markert et al,
2010, Katongo, 2005). In contrast to the Neotropics, in Africa large portion of biodiversity
still remains hidden for any broader survey, because of the regions with persistent and long-
lasting limited accessibility (i. e. tropical rainforest region in Congo, inland parts of Angola).

(Musilova et al, in prep.).



Evolution of the Neotropical cichlids

The rate of the Neotropical cichlids diversity exploration is quite constant, covering
representatives of most known genera/forms and biogeography areas. Actually, more than 50
new species of neotropical cichlids were described during last five years (2006-2010; Froese
and Pauly, 2010). Generally, the survey is still ongoing, every year several new cichlid
species are continuously described.

The molecular phylogenetic studies of the Netropical cichlids (Cichlinae) are running
since late 907s, when the first 40 species were genetically analysed using mitochondrial
markers (Farias et al., 1999, Roe et al., 1997). The subsequent studies revealed more detailed
phylogenies leading to our present level of knowledge by enlarging the taxon sampling and
including more genetic markes (Farias et al, 2000, Farias et al, 2001, Sparks and Smith, 2004,
Lopez — Fernandez, 2005, Perez et al., 2007, Smith et al., 2008, Musilov4 et al, 2008, Rican et
al, 2008, Musilova et al., 2009, Lopez-Fernandez, 2010).

The major part of the Neotropical cichlid diversity is concentrated in the three species-
rich lineages: Geophagini, Cichlasomatini, and Heroini. Further, there are four smaller
lineages resulting mainly in the basal positions of the Neotropical cichlids and including just
few species (See Fig. 2). While the monophyly of these lineages is strongly supported in most
of the analyses (Lopez-Fernandez, 2010), the deeper phylogeny describing the relationships
among lineages is not yet well establishedand further research is required focusing mainly on

these basal lineages.



Retroculus
Cichla

i

Geophagini |
Cichlasomatines
Cichlasomatini
Andinoacarines
Heroini

Mesonautines

Nandopsines
Caquetaines

Amphilophines

Tomocichlines

Astatheroines

Herichthyines

0.1

Fig. 2 — Phylogeny of neotropical cichlids presented in Lopez-Fernandez, 2010. Three
species-rich tribes marked by red circle. Representative genera or generic assemblages
highlighted.

In closer view, the tribes Heroini with mainly Central American distribution, and

Cichlasomatini with South American distribution represent the groups best covered by the



robust phylogenetic studies (Perez, 2007, Rican et al., 2008, Musilov4 et al., 2008, Musilové
et al., 2009) including the representative sampling of all genera or species groups. In contrast,
within the tribe Geophagini, large amount of the species is still missing in any analysis,
especially from the species-rich genus Apistogramma, representing one of the potential
radiation lineages (Lopez-Fernandez, 2010).

The reliable and robust reconstruction of phylogeny is not necessary only for
taxonomic and systematic purpose, but it is essential also for the further evolutionary
interpretation of the biogeography patterns, selected morphology traits or behavioral or
evolutionary-developmental studies (Avise, 2001). The robustness of any molecular
phylogeny depends directly 1) on sufficient selection of genetic markers, but also 2) on the
taxon sampling covering the representative portion of the biodiversity involved in the

investigated groups.

Recent development of South American geography

The uplift of Andes represents the geological event that strongly influenced the
composition of the river systems as well as the distribution patterns of fauna. Although the
uplift initiated already in the Cretaceous (Lundberg et al., 1998), its major effect to the
continental geological changes was found during the Tertiary (Antonelli et al., 2009). The
Andes were not uplifted as a one continuous ridge. Northern and Central Andes were
separated in the recent Ecuador/Peru area by the Western Andean Portal up to Miocene
(Antonelli et al., 2009) (Fig. 3). This portal formerly represented the connection from the
South American continent to the Pacific and possible marine incursion could occur here
(Santos et al., 2009). From the recent estuaries of Amazon in Brazil, Parand in Argentina, and
the Maracaibo lake in Venezuela, other marine incursions into the continental inland occurred
periodically during the water level fluctuation (Lundberg et al., 1998, Montoya-Burgos, 2003).
Existence of the other large water assemblage — ancient lake Pebas in the recent Western
Amazon — is dated to 17-11 mya (Antonelli et al., 2009). It is not clear if it represented the
residual of the former marine incursion or if it was strictly freshwater formation (Antonelli et
al., 2009) (see Fig. 3).

The river systems of South America changed significantly during last 10-20 my
(Lundberg et al., 1998, Santos et al., 2009). The Amazon river system was originally
represented only by a short river flowing to the recent estuary, and a larger portion of the
recent Amazon tributaries flowing in the opposite direction to a different river system, Paleo-

Amazon-Orinoco (Fig. 3). This large river was flowing northward along Andes and it existed



at least since the Cretatious/Tertiary boundary, when the first Andean ridge appeared as a
western barrier. The recent Amazon river was formed about 8 mya, when the ongoing uplift
definitely disrupted the existence of the previous formations. The Orinoco river basin had the

very similar development as Amazon (Lundberg et al., 1998).

Paleo-Amazon-Orinoco

Maracaibo marine incursion

Amazon marine incursion

e
Ny
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Fig. 3 — The marine incursions in Amazon, Parand and Maracaibo estuaries and Western
Amazon Portal with the hypothetical connection between Pacific and the cis-Andean South
America, the early Miocene. The Paleo-Amazon-Orinoco river system existed from the
Cretaceous/Tertiary till 8 mya, when the recent Amazon was formated. Position of the large
lake of Pebas during the middle Miocene. Adapted from Lundberg et al, 1998 and Santos et
al., 2009.

Cichlid biodiversity patterns in South America emphasizing the study area
For visualisation of the patterns in the recent distribution of riverine cichlids I focused

on the composition of the communities in the Freshwater Ecoregions (herein ‘ecoregins’;



Abell et al., 2008). The ecoregions were defined as suitable units for any following
biogeographic and ecological analyses. This huge study proposed the ecoregions in all
continents, based on the known distribution information from all freshwater fishes. For the
biogeographic analyses presented in this thesis, the biogeographic regions were proposed with
respect to the ecoregion units (i.e. respecting defined borders), although some of the
ecoregions comprises huge area and for more detailed biogeography reconstruction in cichlids
could not be suitable. The all available distribution data of the Neotropical cichlids was
collected from literature and web (mainly from Froese and Pauly, 2010, Stawikowski and
Werner, 1998, Stawikowski and Werner, 2004, Koslowski, 2002, Romer, 2006) and
summarised through the ecoregions. See Fig 4-6 for the distribution patterns of all species of
the South American cichlids.

The majority of the Neotropic cichlid diversity lies in the cis-Andean region, with the
richest regions in western Amazon, Rio Negro, eastern Amazon and Orinoco. See Figs. 4-6.
An important part of the biodiversity occurs also in Central America (not presented herein),
where the radiation of Heroine cichlids occurred (Lopez-Fernandez et al., 2010).

The trans-Andean region covering the Pacific slope river drainages in South America
represents the relatively species-poor region (Musilova et al., 2008). Representatives of four
cichlid groups are found there totalling about 15 species. Two genera are widely distributed
through the region and the other two occur just in the northernmost part of Choco. The trans-
Andean organisms could be suitable for the biogeography studies, as the Andean uplift
represents one of the major geological events impacting distribution patterns in South
America. Study of this region could help during the reconstruction of contacts and
colonisations 1) between the two slopes of Andes and 2) between South and Central America.
Last but not least, the biodiversity in the trans-Andean region could be covered more

completely than in the much larger and species-richer Amazonia.



A) cichlids - valid species (373 species) B) cichlids - valid species + undescribed forms (561 species)
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Fig. 4 - Diversity of the Neotropical cichlids in the ecoregions. A) data of all valid cichlid
species, B) data of all valid species + underscribed forms. Ecoregion definition from Abell et
al., 2008. Numbers in regions correspond to ecoregion number. The colour of ecoregion

corresponds with the number of species as shown in the line below the map.
C) Cichlasomatini D) Heroini

01357 91113151719>20 01234567891014
T T T T T T
Fig. 4, cont. — C) the diversity of Cichlasomatines, D) diversity of Heroines through South

America; the major portion of heroine cichlids is however concentrated in Central America



Fig. 4. cont. — E) the diversity of Geophanes without the species-rich genera Apistogramma

and Crenicichla, F) diversity of the genus Crenicichla, and G) Apistogramma.
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Abstract

We have conducted the first comprehensive molecular phylogeny of the tribe Cichlasomatini including all valid genera as well as
important species of questionable generic status. To recover the relationships among cichlasomatine genera and to test their monophyly
we analyzed sequences from two mitochondrial (16S rRNA, cytochrome ») and one nuclear marker (first intron of S7 ribosomal gene)
totalling 2236 bp. Our data suggest that all genera except Aequidens are monophyletic, but we found important disagreements between
the traditional morphological relationships and the phylogeny based on our molecular data. Our analyses support the following conclu-
sions: (a) Aequidens sensu stricto is paraphyletic, including also Cichlasoma (CA clade); (b) Krobia is not closely related to Bujurquina and
includes also the Guyanan Aequidens species A. potaroensis and probably A. paloemeuensis (KA clade). (¢c) Bujurquina and Tah-
uantinsuyoa are sister groups, closely related to an undescribed genus formed by the ‘Aequidens’ pulcher— Aequidens’ rivulatus groups
(BTA clade). (d) Nannacara (plus Ivanacara) and Cleithracara are found as sister groups (NIC clade). Acaronia is most probably the
sister group of the BTA clade, and Laetacara may be the sister group of this clade. Estimation of divergence times suggests that the diver-
gence of Cichlasomatini started around 44 Mya with the vicariance between coastal rivers of the Guyanas (KA and NIC clades) and
remaining cis-andean South America, followed by evolution of the Acaronia—Laetacara-BTA clade in Western Amazon, and the CA
clade in the Eastern Amazon. Vicariant divergence has played importantly in evolution of cichlasomatine genera, with dispersal limited
to later range extension of species within genera.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Molecular phylogeny; Cichlids; Cichlidae; Cichlasomatini; South America; Biogeography; Penalized likelihood; Partitioned Bremer support;
Cytochrome b; 16S rRNA; S7; DIVA; Vicariance; Dispersal

1. Introduction

Neotropical cichlids are extremely varied in morphol-
ogy, behaviour and ecology (Lowe-McConnell, 1991)
despite comprising fewer species than their relatives in Afri-
can lakes. Since the early 20th century, when Regan
(1905a,b,c, 1906a,b) completely revised the group, the
number of species and genera has increased considerably.
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21 Libéchov, Czech Republic.
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Kullander (2003) summarizes the cichlid diversity in the
Neotropics as including 54 genera and 407 species. These
numbers are likely to increase significantly, as there still
are many undescribed species and genera (e.g. Kullander
and Ferreira, 2006; Kullander and Lucena, 2006; Lopez-
Fernandez et al., 2006; Ri¢an and Kullander, 2006).

The cichlid subfamily Cichlasomatinae has one of the
most complex taxonomic histories among cichlid groups
in the Neotropics and no other group of Neotropical cich-
lids has witnessed so many taxonomic changes and new
descriptions at the genus level. The subfamily Cichlasomat-
inae was formally diagnosed by Kullander (1998) and
today includes species placed during the 19th and 20th cen-
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tury mainly in the genera Cichlasoma and Aequidens. Kul-
lander (1998) also divided the subfamily into two tribes,
the Heroini and the Cichlasomatini. Since this seminal
work, both the monophyly and division of the subfamily
have been supported by independent data (Farias et al.,
1999, 2000, 2001; Sparks, 2004; Marescalchi, 2005). Cic-
hlasomatine species have mostly been associated with
the genus Aequidens, while most heroines have been
placed in the catchall genus Cichlasoma. Since Kullander
(1998) the genus Cichlasoma has been placed in the tribe
Cichlasomatini, while most of the species previously con-
stituting Cichlasoma are now in the tribe Heroini (type
genus Heros Heckel 1840). Kullander’s studies (1983a,
1986; Kullander and Nijssen, 1989) rejected the classifica-
tion of Regan (1905a,b) based predominantly on the num-
ber of anal fin spines. Regan (op. cit.) placed Neotropical
cichlids into two groups, one with more than three spines
in the anal fin (nearly all placed in former Cichlasoma and
most of them distributed in Central America), and the
other one with three anal fin spines, distributed in many
genera (and  subfamilies according to  current
classification).

At present, the Neotropical cichlid fish tribe Cichlaso-
matini Kullander, 1998 comprises 69 valid species placed
in 10 valid genera (Aequidens, Bujurquina, Cichlasoma,
Cleithracara, Ivanacara, Krobia, Laetacara, Nannacara,
Tahuantinsuyoa and Acaronia). The generic assignment of
several species is questionable (e.g. ‘Aequidens’ potaroensis,
‘Aequidens’ paloemeuensis, ‘ Aequidens’ hoehnei; Kullander,
1998) and some species groups likely represent unnamed
genera (i.e. the ‘Aequidens’ pulcher group and ‘Aequidens’
rivulatus group; Kullander, 1998). Species of the genera
Aequidens, Bujurquina, Krobia, Cleithracara and Laetacara
were formerly placed in the catchall genus Aequidens previ-
ous to the taxonomic revisions of Kullander (1986) and
Kullander and Nijssen (1989), which excluded them from
Aequidens. In addition to its current twelve species, Cichla-
soma, another catchall group, contained also the majority
of Mesoamerican cichlids according to Regan (1905b).
These have been later classified as the tribe Heroini (Kul-
lander, 1998). A revision of the Mesoamerican Heroini for-
merly placed in Cichlasoma 1is still pending, but recent
studies have contributed to that goal (Roe et al., 1997,
Martin and Bermingham, 1998; Hulsey et al., 2004; Cha-
krabarty, 2006; Rican and Kullander, 2006; Concheiro
Pérez et al., 2007). The South American ex-Cichlasoma
(now Heroini) have a stable genus-level taxonomy (Caque-
taia and Heroina—XKullander, 1996; Australoheros—Ritan
and Kullander, 2006). The genus Nannacara established by
Regan (1905a) remained without intrageneric changes until
2007, when Rémer and Hahn (2007) described and sepa-
rated the genus lvanacara for two species of Nannacara.
The genus Acaronia has been variously assigned to Heroini
(Stiassny, 1991) or a separate tribe Acaroniini (Kullander,
1998). These placements based on morphology are refuted
by all molecular analyses, which clearly place Acaronia
among the Cichlasomatini (Farias et al., 1999, 2000,

2001; Sparks and Smith, 2004; Marescalchi, 2005; Conche-
iro Pérez et al., 2007).

The distribution of Cichlasomatini covers most of cis-
andean South America and to a lesser extent also trans-
andean South America including lower Central America.
Therefore, their distribution area covers biogeographically
crucial regions such as both Andean slopes, the Amazon
basin and the old geological formations (the Guyana and
Brazilian shields). Cichlasomatini are thus an ideally suited
model group for the study of historical biogeography and
evolutionary processes in the Neotropics, especially in
combination with their sister group, the predominantly
mesoamerican Heroini.

Kullander (1998) presented the first morphology-based
phylogeny which was not able to convincingly determine
relationships between and within the genera of Cichlaso-
matini. No robust tests of the relationships among genera
or their monophyly have been performed to date. Using
molecular markers and extensive taxonomical sampling
we evaluated for the first time the monophyly of cichlasom-
atine genera and their relationships. Our results contribute
to the ongoing investigation of the World’s richest (Neo-
tropical) freshwater biota, its diversity and biogeographic
history.

2. Materials and methods
2.1. Taxon sampling

Representative species of all valid genera of the tribe
Cichlasomatini as well as the genus Acaronia were included
in this study. We have strived to include multiple morpho-
logically and geographically distant species for each genus
to have as representative sampling as possible. The taxon
sampling includes 47 OTUs representing 41 species for all
three genes studied, i.e. the mitochondrial genes for cyto-
chrome b (cyt b) and 16S rRNA and the nuclear intron
in the ribosomal S7 gene. Specimens were wild-caught
and obtained from ornamental-fish importers with reliable
locality data, aquarium populations were used as well
(Table 1). Representative species of Heroini and Geopha-
gini were used as outgroup taxa.

2.2. DNA extraction, PCR amplification and sequencing

Genomic DNA was extracted from a fin clip (approx.
5 x 5mm) using Dneasy® Tissue Kit (Qiagen), following
the manufacturer’s protocol. The polymerase chain reac-
tions (PCRs) used 1 pl of DNA as templates. Primers used
in the study are the following: for the 16S rRNA gene we
used the forward mtD-32 (5-CCG GTC TGA ACT
CAG ATC ACG T-3') and the reverse mtD-34 (5'-CGC
CTG TTT AAC AAA AAC AT-3; both Marescalchi,
2005). The S7 intron primers STRPE-X1F (5-TGG CCT
CTT CCT TGG CCG TC-3') and STRPE-X2R (5-AAC
TCG TCT GGC TTT TCG CC-3) were from Chow and
Hazama (1998). The following combinations of cyt b prim-
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Table 1
Species examined

661

Taxon name Source/locality Collection number Accession number
16S cyt b S7

Geophagus brasiliensis Aquarium stock ICCU 0700 AF049016 AF370659 EU199082
Thorichthys meeki Aquarium stock ICCU 0701 AY279669 U88860 EU199083
‘Aequidens’ biseriatus Rio Atrato, Colombia ICCU 0702 EF432902 EF432958 EF432994
‘Aequidens’ coeruleopunctatus Panama ICCU 0703 EF432905 EF432957 EF432997
‘Aequidens’ pulcher AKV Aquarium stock ICCU 0704 EF432889 EF432944 EF432981
‘Aequidens’ cf. pulcher ““Venezuela” Cunaviche, Los Llanos, Venezuela ICCU 0705 EF432888 EF432928 EF432980
‘Aequidens’ cf. pulcher “Rio Chirgua” Rio Chirgua, Carabobo, Venezuela ICCU 0706 EF432890 EF432934 EF432982
‘Aequidens’ pulcher “Trinidad” Trinidad ICCU 0707 EF432887 EF432943 EF432979
‘Aequidens’ rivulatus Rio Guayaquil, Ecuador ICCU 0708 EF432885 EF432935 EF432977
‘Aequidens’ rivulatus AKV Aquarium stock ICCU 0709 EF432886 EF432935 EF432978
‘Aequidens’ sp. “Maracaibo” Maracaibo, Venezuela ICCU 0710 EF432904 EF432955 EF432996
Acaronia nassa Peru ICCU 0711 EF432897 EF432937 EF432989
Aequidens diadema Tobogan, Orinoco, Venezuela ICCU 0712 EF432880 EF432930 EF432972
Aequidens chimantanus Rio Caroni, Venezuela USBZC 1011 EF432884 EF432938 EF432976
Aequidens metae Pto Ayacucho, Venezuela ICCU 0713 EF432882 EF432927 EF432974
Aequidens patricki Aquarium stock ICCU 0714 EF432876 EF432913 EF432968
Aequidens potaroensis Las Claritas, Venezuela USBZC 1010 EF432870 EF432917 EF432962
Aequidens sp. “Atabapo” Rio Atabapo, Colombia ICCU 0715 EF432881 EF432924 EF432973
Aequidens sp. “Jenaro Herrera” Jenaro Herrera, Peru ICCU 0716 EF432912 EF432956 EF433004
Aequidens sp. Jara Rio Jaru, Rondonia, Brazil ICCU 0717 EF432878 EF432926 EF432970
Aequidens tetramerus “Venezuela” Las Claritas, Venezuela ICCU 0718 EF432893 EF432929 EF432985
Aequidens tetramerus “Rio Negro” Rio Negro, Brazil ICCU 0719 EF432879 EF432936 EF432971
Aequidens tetramerus “Peru” Peru ICCU 0720 EF432911 EF432949 EF433003
Aequidens tubicen Rio Trombetas, Brazil ICCU 0724 EF432883 EF432945 EF432975
Bujurquina vittata Chaco, Argentina ICCU 0726 EF432892 EF432951 EF432984
Bujurquina peregrinabunda Aquarium stock ICCU 0727 EF432907 EF432954 EF432999
Bujurquina syspilus Aquarium stock ICCU 0728 EF432906 EF432952 EF432998
Bujurquina sp. ““Maicurd” Maicura ICCU 0729 EF432908 EF432953 EF433000
Cichlasoma amazonarum Iquitos, Peru ICCU 0730 EF432875 EF432914 EF432967
Cichlasoma bimaculatum Rio Tacutu, Bonfim, Brazil ICCU 0731 EF432874 EF432925 EF432966
Cichlasoma cf. araguaiense Rio Xingu, Altamira, Brazil ICCU 0732 EF432877 EF432923 EF432969
Cichlasoma dimerus Rio Paraguay, Paraguay ICCU 0733" EF432872 EF432941 EF432964
Cichlasoma orinocense Orinoco estuary, Venezuela ICCU 0734 EF432873 EF432922 EF432965
Cichlasoma cf. pusillum South America, exact locality unknown ICCU 0735 EF432871 EF432916 EF432963
Cleithracara maronii Aquarium stock ICCU 0736 EF432901 AY050614 EF432993
Krobia cf. guianensis Aquarium stock ICCU 0737" EF432910 EF432933 EF433002
Krobia sp. “Oyapock” Oyapock River, French Guyana ICCU 0738 EF432868 EF432932 EF432960
Krobia sp. “Xingu” Rio Xingu, Cachoeira Parati, Brazil ICCU 0739 EF432869 EF432931 EF432961
Laetacara curviceps Aquarium stock ICCU 0740 EF432895 EF432918 EF432987
Laetacara dorsigera Aquarium stock ICCU 0741 EF432894 EF432919 EF432986
Laetacara sp. “Buckelkopf™ Aquarium stock ICCU 0742 EF432896 EF432940 EF432988
Laetacara thayeri Aquarium stock ICCU 0744 EF432909 AY050608 EF433001
Ivanacara adoketa Aquarium stock ICCU 0745 EF432903 EF432946 EF432995
Nannacara anomala Aquarium stock ICCU 0746 EF432898 AY050618 EF432990
Nannacara aureocephalus Aquarium stock ICCU 0747" EF432899 EF432939 EF432991
Nannacara taenia Aquarium stock ICCU 0749 EF432900 EF432921 EF432992
Tahuantinsuyoa macantzatza South America, exact locality unknown ICCU 0750 EF432891 EF432915 EF432983

The asterisk () in the collection number marks the sample, where only the fin tissue sample was obtained. The accession numbers beginning with EF and
EU mean original sequences from this study. Different letters are sequences downloaded from GenBank. ICCU, Ichthyological collections of Charles

University in Prague; USBZC, University of South Bohemia-Zoological Collections.

ers were used: forward Glu-DGL (5-TGA CTT GAA
RAA CCA YCG TTG-3; Palumbi et al., 1991), Fish-
CytB-F (5-ACC ACC GTT GTT ATT CAA CTA CAA
GAA C-3) and reverse H15149 (5-AAA CTG CAG
CCC CTC AGA ATG ATA TTT GTC CTC A-3'; Kocher
et al., 1989), H15915 (5-AAC TGC CAG TCA TCT CCG
GGT TAC AAG AC-3'; Irwin et al., 1991), Cb6b.H (GGA
ATT CAC CTC TCC-3’; Martin and Bermingham, 1998)
and TrucCytB-R (5-CCG ACT TCC GGA TTA CAA

GAC CG-3'). The PCR volume of 25 pul contained PPP
master mix (Top-Bio) including MgCl, (2.5 pM), both for-
ward and reverse primers (0.4 uM) and 1 pl of DNA sam-
ple. The reactions for all fragments consisted of an initial
denaturation step of 94 °C (2 min), followed by 35-40
cycles of denaturation at 94 °C for 1 min, annealing for
I min at 46-50 °C for cyt b, 48 °C for 16S rDNA and
60 °C for the S7 intron and extension at 72 °C for 1 min.
The terminal extension was at 72 °C for 8 min. The reac-
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tions were performed on thermo-cyclers PTC-200 (MJ
Research) and iCyclerTM Thermal Cycler (Bio-Rad).

PCR products were purified using the QIAquick® PCR
Purification Kit (Qiagen) and directly used as a template
for the sequencing reaction using the ABI PRISM® Big-
Dye™ Terminator v3.1 Ready Reaction Cycle Sequencing
Kit (Applied Biosystems). Sequences were read on the
3130 Genetic Analyser (Applied Biosystems, Hittachi)
automatic sequencer.

2.3. Phylogenetic analyses

Phylogenetic analyses included 47 taxa sequenced for
two mitochondrial genes (16S rRNA gene, cyt b gene)
and one nuclear marker (first intron in the S7 gene). All
obtained sequences were submitted to GenBank (Accession
Nos. EF432868-EF433004).

Sequences were aligned using the Clustal W program
with the default settings as implemented in the BioEdit
software package (Hall, 1999) and then were manually edi-
ted. The fragment of 16S rRNA was aligned with respect to
its secondary structure (Moyer et al., 2004). The amino
acid translation of the cyt b sequences was examined for
stop codons. Each gene was analyzed separately before a
combined analysis was performed in order to explore topo-
logical differences and possible sources of conflict between
the signals of individual genes. Additionally we performed
saturation test in cytochrome b dataset using PAUP”
4.0b10 (Swofford, 2002).

Maximum parsimony (MP) analyses were performed in
PAUP under the heuristic search with 500 random addi-
tions, holding 10 trees in memory in each step. In the next
step we ran a search on the saved trees to find all the short-
est trees (command: hsearch addseq = random hold = 10
nchuck = 5 chuckscore = 1 nreps = 1000, hsearch start =
current nchuck = 0 chuckscore = 0). Branch support was
estimated with 1000 bootstrap replicates and also using
Partitioned Bremer Support (PBS; Baker and DeSalle,
1997) performed in PAUP* using constraint topologies
and the converse constraints command. The PBS reveals
the support for each node from every gene separately and
was used to pinpoint possible sources of conflict between
datasets at individual nodes, since it is a commonly used
measure of congruence in the genetic signal (e.g. Wahlberg
et al., 2005).

Maximum likelihood (ML) analyses were conducted in
PAUP” under the evolutionary model that best fit the ana-
lyzed sequence dataset. The model was selected using Mod-
eltest version 3.7 and the hierarchical likelihood (hLRT)
criterion (Posada and Crandall, 1998). Bootstrap analysis
with 1000 replications was performed in the software
PhyML (Guindon and Gascuel, 2003).

Bayesian analyses were performed in MrBayes, version
3.1 (Ronquist and Huelsenbeck, 2003). The Bayesian tree
was inferred using the models suggested by Modeltest.
We analyzed every gene separately, as well as in the com-
bined dataset. The analyses were performed with

1,000,000 (genes separately) to 2,500,000 (combined data-
set) generations, sampling every 100 trees using two paral-
lel runs with four chains. The final burnin was 40% of
sampled trees (i.e. 40,000 from the run of 1,000,000 gener-
ations). The combined dataset was partitioned into loops
and stems in the case of the 16S rRNA gene and codon
positions in the cytochrome b gene. Each analysis was rep-
licated to ensure that convergence was reached.

Monophyly of genera and higher clades was addition-
ally tested by the approximately unbiased test (AU test;
Shimodaira, 2002) as implemented in the software Consel
(Shimodaira and Hasegawa, 2001). This test assesses the
significance of differences in likelihood scores between the
best maximum likelihood (ML) tree and the tree con-
structed under the user-defined constraints. We thus con-
structed the tree with the contrained monophyly of
selected clades and tested whether there is significant differ-
ence against the best ML tree. The likelihood scores of con-
strained and unconstrained trees were then compared by
AU test.

We also applied the incongruence length difference par-
tition homogeneity test (ILD; Farris et al., 1995) as imple-
mented in PAUP to assess whether there are significant
topological differences between individual gene-trees before
combining all loci into single phylogenetic analysis. This
test was run under 1000 replicates with the randomly
selected characters from dataset (Farris et al., 1995).

2.4. Dating of divergences and biogeography

Since our dataset deviated from clocklike behaviour, we
could not use standard molecular clock estimation.
Instead, we have performed the Penalized likelihood anal-
ysis (Sanderson, 2002) in R8S software (Sanderson, 2003)
which allows to estimate absolute substitution rates and
divergence times under a relaxed molecular clock using
truncated Newton (TN) algorithm.

We used ML topology with branch length as input tree
for the analyses. The penalty function was set to additive
and cross validation was used to assess the most appropri-
ate value of smoothing. We have used geological dating to
calibrate the penalized likelihood tree. As a point of the
geological calibration we used the final separation of
Parana-Amazon drainages (10-11.8 Mya; Lundberg
et al., 1998; Montoya-Burgos, 2003) evident in the phylog-
eny of the genera Cichlasoma and Bujurquina.

The geographic distribution of individual species was
obtained from the Neodat II and Fishbase (www.fish-
base.org) databases (Froese and Pauly, 2006) and from
Stawikowski and Werner (1998). The studied samples are
coded as present in eight ichthyological provinces of South
America (Hubert and Renno, 2006). Dispersal-vicariance
analysis as implemented in DIVA version 1.1 (Ronquist,
1997) was used to explain the biogeographic history of cic-
hlasomatine cichlid fishes in South America in terms of
vicariance, dispersal and extinctions. This method places
one or more ancestral areas (depending upon the con-
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straints imposed) at each internal node so as to minimize
the costs associated with dispersal and extinction events
(Ronquist, 1997).

3. Results
3.1. Phylogenetic analyses

The final alignment of 47 taxa consisted of a 615 bp
fragment of the 16S rRNA, the complete cyt b gene
(1111 bp) and 510 bp of the first intron in the S7 gene
(2236 bp in total). The ILD test allowed combining all data
partitions in a single dataset (p =0.09). We found slight
tendency of saturation for cytochrome b gene in the third
codon position. Nevertheless, when the third position was
excluded from analyses, the tree topology remained gener-
ally unchanged. The only difference was lower resolution
for some nodes.

Results of maximum parsimony (MP), maximum likeli-
hood (ML) and Bayesian analyses (BI) of the combined

dataset are shown in Fig. 1. The analyses resulted in very
similar topologies, different only in the position of the
genus Krobia and of the Nannacara—Ivanacara—Cleithra-
cara clade. The ML and BI topologies are almost identical
including estimated branch lengths, differing only in the
position of B. vittata—B. peregrinabunda and A. patricki—
C. ¢f. araguaiense.

Analyses of individual gene partitions also resulted in
very similar topologies (not shown), with conflicts limited
to nodes with low support. Possible sources of conflict
between the data partitions were further studied by analyz-
ing the PBS results, which found five points of conflict (see
Fig. 1). All of these are nodes having low bootstrap sup-
port and four nodes also differ between the MP and ML
(BI) topologies: (1) in the MP topology, Krobia sp.
“Xingu” is the basal most Krobia, while in ML (BI) it is
Aequidens potaroensis; (2) in the MP topology Cichlasoma
is monophyletic, while in Bl Aequidens patricki is nested
as a sister species to Cichlasoma, (in this case, ML shows
the same result as MP, see Fig. 1); (3) MP topology groups
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Fig. 1. Results of phylogenetic analyses of the 47 taxon dataset including 2236 bp of three genetic markers (16S rRNA, cyt b, first intron in S7 gene). The

maximum parsimony (MP) analysis (A) is a strict consensus of six trees (L = 3930; CI =

0.3143; RI = 0.6356). The maximum likelihood (ML) analysis (B)

has a log-likelihood score of —20249.37366. (C) Bayesian inference tree. Numbers below nodes represent bootstrap support (1000 replications) in the MP
and ML analyses and posterior probabilities in the BI analysis. Numbers above nodes in the MP tree show Bremer support values and partitioned Bremer
Support in the following order: BS: 16S, cyt b, S7. The roman numbers in the MP tree link to the table above the tree. There are the BS and PBS values of
several nodes because of limited space in the tree figure. The ML and BI topologies differ only in two terminal nodes (position of B. vittata—B.

peregrinabunda and position of A. patricki-C. cf. araguaiense).
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Fig. 1 (continued)

the CA and BTA-Acaronia—Laetacara clades to the exclu-
sion of the NIC clade, while the ML (BI) topology groups
the NIC clade with the BTA—Acaronia—Laetacara clade to
the exclusion of the CA (and KA) clade; (4) the MP and
ML (BI) topologies differ in the position of the KA clade
(see below for explanation of clade acronyms).

3.1.1. Monophyly of individual genera

With the exception of the genera Tahuantinsuyoa, Ivana-
cara, Acaronia and the monotypic Cleithracara, our taxon
sampling includes multiple species per genus and thus
enables us to test their monophyly. Monophyly of all gen-
era except Aequidens is supported. The monophyly of
Aequidens was rejected by the AU test (p = 0.000005).
The genus Cichlasoma is nested within Aequidens. Further-
more, Aequidens potaroensis is not an Aequidens, but a
member of the genus Krobia (Fig. 1). Even after exclusion
of A. potaroensis is monophyly of Aequidens still rejected

by our data (AU test p =0.005). ML analysis (Fig. 1B)
additionally did not recover a monophyletic Cichlasoma
since Aequidens patricki was placed as a basal Cichlasoma
to the exclusion of Cichlasoma cf. araguaiense.

Both the ‘Adequidens’ pulcher group and the ‘Aequidens’
rivulatus group were monophyletic and strongly supported
sister taxa, unrelated to Aequidens. These two species
groups thus clearly represent an unnamed genus, justified
also on morphological grounds (OR unpublished results).

3.1.2. Relationships of cichlasomatine genera

We recovered four suprageneric clades among cichla-
somatine cichlids with strong support (Fig. 1). One clade
includes the genera Bujurquina, Tahuantinsuyoa and the
‘Aequidens’ pulcher— Aequidens’ rivulatus group (termed
here the BTA clade). The second clade, referred to as the
CA clade, includes Aequidens (excluding A. potaroensis)
and Cichlasoma. The third clade (NIC clade) includes Nan-

>

Fig. 2. Dispersal-vicariance analysis (DIVA) of the biogeography of cichlasomatine cichlids in South America. (A) DIVA of the maximum parsimony
(MP) tree (see Fig. 1A). (B) DIVA of the maximum likelihood (ML) tree using the same dataset. Three samples of Aequidens tetramerus are shown as one
branch. ML and BI topologies (see Fig. 1) are almost identical, resulting in very similar mapping of biogeography. The map shows the Neotropical
biogeographic provinces based on Hubert and Renno (2006). Representatives of eight provinces were included in the analyses. Two provinces marked with
white color in the map (Magdalena River basin in Colombia and Atlantic coast of Brazil and Uruguay) show South American ichthyological provinces
from which we have no samples analyzed. Branches with more than three ancestral areas are marked by white color.
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nacara, Ivanacara and Cleithracara. Since Krobia also
includes Aequidens potaroensis, we refer to it as the KA
clade (Krobia—Aequidens potaroensis clade). The genera
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Acaronia and Laetacara form successive sister groups to
the BTA clade, but the relationships are only weakly sup-
ported, except in the Bayesian analysis (Fig. 1C). Further-
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more, the combined dataset analyzed with ML and BI
methods places the CA and KA clades as sister groups
(Fig. 1B and C), while the MP analysis places the KA clade
as the basal most cichlasomatine clade (Fig. 1A). Again
only the BI analysis found statistical support for the rela-
tionships of the KA clade.

3.2. Biogeography and dating of cichlasomatine
diversification

Biogeography of cichlasomatine cichlids has been stud-
ied using dispersal-vicariance analysis (DIVA; Ronquist,
1997) applied to the MP and ML (BI) topologies. The
ML and BI topologies differ in only two terminal nodes,
and thus the ML topology only was used for the DIVA
(the two terminal nodes in the BI analysis being in agree-
ment with those in the MP analysis). Due to differences at
basal nodes between the MP and ML (BI) topologies the
DIVA resulted in slightly different ancestral areas and bio-
geographical interpretations. Both topologies show a high
degree of vicariant events at basal nodes, with dispersal
events largely limited to terminal nodes. The MP topology
shows cis-andean South America excluding the La Plata
drainage as ancestral for the Cichlasomatini, while the
ML (BI) topologies include the La Plata drainage.

In the 45 nodes of the fully resolved phylogeny, DIVA
of the MP topology shows 17 vicariant events, while on
the ML (BI) topology there is one less (16). See Fig. 2
for the DIVA results and Fig. 3 for dating of cichlasoma-
tine phylogeny and of biogeographical events.

Cichlasomatine divergence started at around 44 Mya
(penalized likelihood estimation =44.74 Mya) with a
vicariance between the Guyana rivers and cis-andean
South America (Orinoco, Western and Eastern Amazon,
and in the ML (BI) also the Tocantins—Xingu drainages
and the La Plata). This is the oldest vicariant event. Both
MP and ML (BI) topologies show this vicariance. In the
MP topology it is a single event, while in the ML (BI) there
are two parallel vicariances between these arcas (Figs. 2
and 3). The Guyana rivers fauna is thus supported as very
old with a long independent history, which is also demon-
strated by the highest number of endemic genera per bio-
geographic province (see below).

The MP topology shows as a second event the vicariance
between Western Amazon and Orinoco—Eastern Amazon,
while the ML (BI) topology shows an extinction in Ori-
noco—Eastern Amazon plus the Tocantins—Xingu and La
Plata. Leaving aside the mechanism Western Amazon is
in both MP and ML (BI) topologies reconstructed as the
ancestral area of the Acaronia—Laetacara-BTA clade (at
ca 38 Mya). Both MP and ML (BI) topologies also show
colonization of trans-andean South America from the Wes-
tern Amazon at around 30 Mya, followed by vicariance
between the two areas (and within the ancestor of Western
Amazonian Bujurquina—Tahuantinsuyoa and trans-andean
‘Aequidens’). Both topologies also reconstruct a dispersal
of ‘Aequidens’ into the Orinoco and the Maracaibo from

trans-andean South America between 7 and 11 Mya, as
well as a dispersal of Bujurquina into the La Plata. Laeta-
cara has in both reconstructions colonized the Eastern
Amazon-Tocantins—Xingu areas, later diverging by vicari-
ance. Acaronia has similar to Laetacara extended its distri-
bution from the Western Amazon.

Reconstructions in the Aequidens—Cichlasoma clade (CA
clade) are more different between the MP and ML (BI)
topologies due to the different position of the Orinoco—
Guyanan endemic A. chimantanus and the interchanging
positions of A. patricki and C. araguaiense. The MP topol-
ogy shows a vicariance between A. chimantanus and all
remaining species, while the ML (BI) reconstruction is more
complex, with exctinction in the Eastern Amazon, Tocan-
tins—Xingu and La Plata. Both reconstructions however
agree on extensive dispersal and vicariance between the
Eastern Amazon, Western Amazon and Orinoco—upper
Rio Negro (in the A. tubicen—A. metae clade). A better
taxon sampling in this clade is needed to resolve the incon-
gruences between the MP and ML (BI) reconstructions. The
widespread A. tetramerus is under the current taxon sam-
pling reconstructed in both scenarios as ancestral in the
Eastern Amazon, later having dispersed into all cis-andean
South America except the La Plata. 4. tetramerus popula-
tions have a long independent history, the oldest split being
ca 7 Mya old, and it is thus quite probable that several inde-
pendent species are hidden under the name. Cichlasoma
plus A. patricki have diverged from A. tetramerus and A.
sp. “Jaru” through vicariance between the Eastern Amazon
and rest of cis-andean South America (or alternatively
between East and West Amazon in the MP reconstruction).
As in the case of the A. tubicen—A. metae clade dispersal and
vicariance within cis-andean South America have been
extensive in the Cichlasoma plus A. patricki clade. The old-
est vicariance is the Xingu-Tocantins (C. araguainse;
around 16 Mya), followed by the La Plata (C. pusillum, C.
dimerus and C. portalegrense). The rest of Cichlasoma is
Western Amazonian—Orinocoan, from where it also sec-
ondarily colonized the Guyana rivers (C. bimaculatum).

In general the biogeographic analysis shows that vicari-
ance has been the main factor responsible for the generic
phylogeny of the Cichlasomatini and that genera have sec-
ondarily extended their distributions through dispersal.
Very few exctinctions are required to reconcile the dis-
persal-vicariance reconstruction. Biogeographic interpre-
tations at more inclusive levels within genera have to
await a better taxon sampling. However at the generic level
our taxon sampling is extensive, and except in the case of
Aequidens the ancestral areas of genera will probably
remain as reconstructed in this study.

4. Discussion
4.1. Phylogeny of Cichlasomatini

The systematics of cichlasomatine cichlids at the genus
level has received much attention (see Kullander, 1998
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Fig. 3. Dating of cichlasomatine phylogeny (ML topology) using the Penalized likelihood analysis as implemented in R8S software (Sanderson, 2003)

calibrated with geological dating (see Section 2).

for a review) and our results support the monophyly of all
but one genus. According to Kullander (1998), Cichlasoma
and Aequidens are very similar and well-diagnosed genera.
While our data support their close relationship, the genus
Aequidens appears to be paraphyletic (even after excluding
A. potaroensis), which is in agreement with indications
already present in Marescalchi (2005) or Ri¢an and Kul-
lander (2006). The paraphyly of Aequidens relative to Cic-
hlasoma has never been postulated on morphological

grounds. Some previous studies (Kullander, 1983b) sug-
gested the inclusion of two Guyanan Aequidens species
(A. potaroensis and A. paloemeuensis) into Krobia. Kul-
lander (op. cit.) already hypothesized the relation of these
species to Krobia, although he did not include them into
this genus (Kullander and Nijssen, 1989). He subsequently
omitted them from his phylogenetic analysis (Kullander,
1998). Our data clearly suggest the inclusion of the Guya-
nan river species (represented herein by 4. potaroensis) into
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monophyly. Resolved nodes are marked only if they appeared in both MP
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posterior probability value >80. Numbers above branch correspond to
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KA (Krobia, Aequidens potaroensis), NIC (Nannacara, Ivanacara and
Cleithracara), La (Laetacara genus), Ac (Acaronia nassa). The BTA + Ac
grouping in the 16S analysis depicts a position of Acaronia within the BTA
clade. White clades in the 16S analysis mark their unresolved topology.

the genus Krobia. Aequidens paloemeuensis was not
included in our analysis, but according to Kullander and
Nijssen (1989), A. potaroensis and A. paloemeuensis are sis-
ter species. Our data did neither support nor reject the jus-
tification of the newly established genus Ivanacara.
Although the species I. adoketa (formerly Nannacara adok-
eta) resulted as a sister species to other Nannacara species
with the genetic uncorrected p-distance of about 20%
(19.4-20.8%) from the rest of species belonging to the
NIC clade, we lacked the other member of the genus, I
bimaculata, to test the monophyly of Ivanacara and Nanna-
cara in our analyses (Fig. 4).

Three suprageneric clades are supported by all our analy-
ses. These are the Aequidens (Cichlasoma) clade (CA), the
Bujurquina—Tahuantinsuyoa—- Aequidens’ clade (BTA) and
the Cleithracara—Nannacara—Ivanacara clade (NIC). Acaro-
nia is in all analyses the sister group of the BTA clade, and
Laetacara is the sister group of this clade (Fig. 4). Statistical
support for this grouping is however much lower than in the
previous cases. The genus Krobia and the NIC clade are basal
lineages in the cichlasomatine phylogeny. Krobia is either the
sister group of the CA clade (ML and BI analyses) or the
basal most lineage of cichlasomatines (MP analysis). The
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Fig. 5. Comparison of the morphological phylogeny of cichlasomatines
(Kullander, 1998) and our molecular study. Gray circles mark congruence
in topology between the two studies, white crossed circles mark conflicts.
All tested genera except Aequidens are supported as monophyletic in both
studies, but relationships between genera are mostly different and in
conflict. The monophyly of the genera Tahuantinsuyoa, Krobia and
Cleithracara was not tested since only one valid species per genus
analyzed. ‘Aequidens’ hoehnei was not included in our molecular analysis.
The genus Acaronia is not shown as it was considered to a separate tribe
Acaroniini by Kullander (1998). Our results place it firmly among
cichlasomatines. Tree modified from Kullander (1998).

NIC clade is similarly either the sister group of the BTA—
Acaronia—Laetacara clade (ML and BI), or of all clades
except the KA clade (MP). As can be seen, support decreases
and disagreements increase towards the more inclusive
nodes. Examination of our data suggests that the weak sup-
port and differences in basal nodes between MP and ML (BI)
analyses are a combination of lack of phylogenetic signal and
character conflict (the latter not being significant and may be
the result of the former).

The above-described suprageneric relationships of cic-
hlasomatine cichlids are very different from those reported
by Kullander (1998) based on phylogenetic analysis of
morphological characters. Our results agree with the mor-
phology-based phylogeny of Cichlasomatini of Kullander,
1998; see Fig. 5) in only one point, i.e. the close relationship
of Nannacara + Ivanacara and Cleithracara (herein the
NIC clade). All other suprageneric relationships are differ-
ent. There is however very good agreement with other stud-
ies based on molecular markers (Farias et al., 1999, 2000,
2001; Marescalchi, 2005; Concheiro Pérez et al., 2007). In
agreement with these studies and contrary to Kullander
(1998) also the genus Acaronia is a part of the Cichlasoma-
tini, while Kullander (op. cit.) placed it as intermediate
between Cichlasomatini and Heroini. While Kullander
(op. cit.) placed the genera Krobia and Bujurquina as sister
groups, our analyses find them only distantly related.
Bujurquina is together with Tahuantinsuyoa and the ‘Aequi-
dens’  pulcher— Aequidens’ rivulatus group part of the
strongly supported BTA clade. This topology agrees well
with life history traits and biogeography, since 7Tah-
uantinsuyoa and Bujurquina are strongly supported sister
groups, with sympatric distribution and a mouthbrooding
behaviour, which is unique among cichlasomatine cichlids
(Stawikowski and Werner, 1998). The sister clade of these
two Western Amazonian genera is the ‘Aequidens’ pul-
cher—*Aequidens’ rivulatus group, distributed both in cis-
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and trans-andean northern South America. Krobia is either
related to Aequidens—Cichlasoma (ML and BI analyses), or
the basal most genus among Cichlasomatini (MP analysis).
Laetacara is in all our analyses the sister group of the BTA
clade. None of our analyses thus supports its relationship
to the NIC clade (Nannacara, Ivanacara, Cleithracara) as
found in Kullander (1998; see Fig. 5).

4.2. Biogeography and dating of divergence

Cichlasomatini and Heroini have wide and more or less
complementary distributions. While the latter are distrib-
uted throughout the Neotropics from Argentina up to Mex-
ico, being mostly represented in Mesoamerica and covering
also trans-andean South America, western Amazonia and
the Parana—Paraguay-Sdo Francisco drainages, the former
group appears strictly in South America, with only one spe-
cies (‘Aequidens’ coeruleopunctatus) present in lower Central
America. The distribution of both tribes is to some extent
complementary also in South America as heroines are
mostly restricted to northern and western Amazonia,
trans-andean South America and the Parana-Paraguay—
Sao Francisco drainages (Brasilian shield) (Concheiro Pérez
et al., 2007), while cichlasomatines are well represented in
eastern Amazonia and especially on and around the Guy-
ana shield (eastern Amazonia, Guiana rivers and Orinoco)
where heroines are almost completely absent.

The divergence between the Guyana rivers and rest of
South America is well reflected in our biogeographic anal-
yses, being the oldest vicariant event in the phylogeny of
Cichlasomatini. The origin of the genera Krobia and the
NIC clade (Nannacara, lvanacara, Cleithracara) dates back
to this old vicariance event dated at around 44 Mya. The
area was later additionally colonized by species of several
other genera (e.g. Cichlasoma bimaculatum, Acaronia nassa,
Aequidens tetramerus). Dating of these secondary invasions
is hard to ascertain from our data and taxon sampling, but
source areas for the colonizations can be pinpointed. In
case of Cichlasoma it was Western Amazon—Orinoco plus
Upper Rio Negro (C. taenia from Trinidad and Orinoco
delta further supporting this route was not present in our
analysis), in the case of Acaronia it was the Western Ama-
zon (probably also including Orinoco plus Upper Rio
Negro, as A. vultuosa present there was not included in
our analysis), and in case of Aequidens tetramerus it was
the Eastern Amazon based on the present taxon sampling.
However a much better locality sampling of this wide-
spread species group (see above) is needed to reconcile its
biogeography. The first two species thus colonized the
Guyana rivers probably through river anastomosis in the
Orinoco delta area during a period of lower sea levels,
while Aequidens might have dispersed through the low
lying Rupununi area between Guyana and Brazil or
through river anastomosis in the present day Amazon delta
following the change of the Amazon outlet to the east
between the Guyana and Brazilian shields (Lundberg
et al., 1998), or even through the same route as Cichlasoma

and Acaronia. It is not possible to rule out even indepen-
dent invasions into the Guyana rivers through several
routes by the A. tetramerus superspecies.

The Guyana shield, an area divided into three areas of
endemism (Orinoco— Upper Rio Negro, Eastern Amazon
and the coastal Guyana rivers), harbours the highest level
of endemism and diversity among cichlasomatine cichlids
(eight genera, i.e. Cleithracara, Krobia, Nannacara, Ivana-
cara, Acaronia, Aequidens, Cichlasoma and marginally Lae-
tacara). The former four are endemic or have their centre
of distribution in the Guyana shield. On the contrary, only
five genera, none of them endemic (Cichlasoma, Aequidens,
Laetacara, Bujurquina, Krobia; latter three only margin-
ally), are found in the much larger Brazilian shield. Whole
Western Amazonia possesses five genera (Bujurquina,
Aequidens, Cichlasoma, Laetacara, Tahuantinsuyoa) and
only one of them is endemic (7Tahuantinsuyoa; Bujurquina
is nearly endemic). Western Amazonia has however based
on our results played importantly in the evolution of Cic-
hlasomatini, as the whole BTA clade (Bujurquina—Tah-
uantinsuyoa—° Aequidens’) plus Acaronia and Laetacara
have their ancestral area in Western Amazonia. From Wes-
tern Amazonia, this clade has colonized trans-andean
South America (30 Mya) and also the La Plata (10—
12 Mya). In contrast to the Western Amazonian clade,
the Aequidens—Cichlasoma clade is better represented in
eastern South America (in Eastern Amazon and Orinoco
plus Upper Rio Negro), which is also its reconstructed
ancestral area in the DIVA based on the MP topology
(Fig. 2A). The oldest species of this clade in the Orinoco
province is A. chimantanus, in MP topology DIVA recon-
struction the basal most species of the whole clade.

The two largest clades of Cichlasomatini thus have com-
plementary and largely exclusive distributions in South
America, one (the BTA clade plus Acaronia and Laetacara)
in the Western Amazon, the other (CA clade) in Eastern
Amazon. Orinoco plus Upper Rio Negro is an intermediate
area, today still connected to the Eastern Amazon through
several points (the best known being the Casiquiare), while
previously being the northern portion of the Western Ama-
zon previous to the final rise of the Andes (Lundberg et al.,
1998).

The cichlasomatine fauna of the Xingu-Tocantins prov-
ince is supported as being old and independent for a long
time (e.g. Hubert and Renno, 2006). Within Krobia and
Nannacara it has vicariant relationships to the Guyana
Rivers province (ca. 15 Mya in Krobia and ca. 10 Mya in
Nannacara), while in Laetacara and Cichlasoma with
Amazonia in the former (around 22 Mya) and most of
cis-andean South America in the latter (around 16 Mya).

The dating of age and initial divergence within Cichlaso-
matini is placed around 44 Mya, which is in good agree-
ment with the independently estimated age of heroines,
the cichlasomatine sister group (Concheiro Pérez et al.,
2007). Heroines very likely colonized Mesoamerica at least
16-24 Mya (at least 10 Mya prior to the final emergence of
the Isthmus of Panama) in agreement with other secondary
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freshwater fishes (Concheiro Pérez et al., 2007; Hrbek
et al., 2007). Although the colonization of Mesoamerica
by the only cichlasomatine species (‘Aequidens’ coeruleo-
punctatus) likely followed the same route from trans-
andean South America (Figs. 2 and 3), it happened much
more recently, after the separation from the remaining spe-
cies at around 10 Mya (Fig. 3). This is in agreement with
Bussing’s (1976, 1985) postulate that cichlasomatines
belong to the New Southern Element and heroines to the
Old Southern Element of the Central American freshwater
ichthyofauna. The Heroini have radiated in at least two lin-
eages in Mesoamerica already at around 16-24 Mya
(Concheiro Pérez et al., 2007). Based on our biogeographic
analyses, ‘Aequidens’ has been present in trans-andean
South America as long as the Heroini (ca. 28 Myr; Figs.
2 and 3), and the time discrepancy between the heroine
and cichlasomatine colonization of Central America thus
cannot be explained using the available studies and is wor-
thy of further study.

All six ‘Aequidens’ species are primarily trans-andean,
including the putative sister group of ‘A.” pulcher (A. lati-
frons), which was not available for analyses. ‘Aequidens’
pulcher is thus the only species of the group that is second-
arily found also in cis-andean South America (Orinoco
river Basin in Venezuelan llanos and on Trinidad). Based
on our analyses this secondary dispersal into cis-andean
South America and vicariance from trans-andean relatives
is dated at ca. 10 Mya (Figs. 2 and 3). This dating is well in
agreement with the final rise of the easternmost chain of the
Andes in Venezuela, isolating the Maracaibo drainage
from surrounding coastal areas and from the Llanos (dated
by Lundberg et al., 1998 at ca. 10-11.8 Mya).

The internal phylogenetic structure of cichlasomatine
cichlids contrasts with the Heroini, where the genera are
vaguely defined and except for monotypic ones they are
not supported as monophyletic (Concheiro Pérez et al.,
2007). Cichlasomatine genera, on the other hand, are well
differentiated as suggested by phylogenetic support for all
but one (Aequidens) genus. Internodes are much longer
among cichlasomatine cichlids compared to heroines (cf.
Concheiro Pérez et al., 2007) suggesting completely different
cladogenetic histories. While at least the Mesoamerican her-
oine diversity is probably the result of repeated radiations
(Concheiro Pérez et al., 2007; OR unpublished results), cic-
hlasomatines seem to be shaped primarily by interspaced
vicariant events. Studies comparing the macroevolution of
the two tribes are thus potentially extremely informative
on Neotropical biogeography and faunal evolution.

We have provided the first detailed molecular phyloge-
netic study of Cichlasomatini cichlids and found patterns
of diversification that are very different from those in their
sister group—the Heroini cichlids (Concheiro Pérez et al.,
2007). Our data allowed us to solve the systematic position
of all genera belonging to this tribe and their large scale
biogeography in South America. Furthermore, we offer a
comparison with the morphology-based phylogenetic
hypothesis of this cichlid assemblage.
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Phylogeny of the Neotropical cichlid fish tribe Cichlasomatini (Teleostei: Cichlidae)
based on morphological and molecular data, with the description of a new genus
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Abstract

Phylogenetic relationships among cichlasomatine cichlids were studied using an extensive taxon sampling and both morphological and molecular
data sets. A new genus, Andinoacara n. gen. with six species (4. pulcher-rivulatus group of previous authors) from trans-andean South America
and NW cis-andean South America, is described based on results of phylogenetic and diagnosability analyses and tests of alternative topologies
Our results demonstrate that cichlasomatine cichlid diversity is divided into five principal lineages composed of eleven genera and three
suprageneric clades: the [(Bujurquina, Tahuantinsuyoa), (Andinoacara) (BAT) clade; the (Cleithracara, (Nannacara, Ivanacara)] clade (NIC) plus
Laetacara and ’ Aequidens” hoehnei; and the (Aequidens, Cichlasoma) clade, where Aequidens is paraphyletic to Cichlasoma. Two former Aequidens
species are additionally transferred into Krobia (K. potaroensis, K. paloemeuensis). ' Aequidens” hoehnei probably represents a unique evolutionary
lineage and would thus qualify for a separate generic status. Molecular data are yet not available for this species and its generic status requires
further study. Relationships between the three suprageneric clades and between Acaronia and Krobia could not be convincingly resolved with our

data set of two mitochondrial (16S and cyt b) and two nuclear (S7 and RAG1) molecular markers and 96 morphological characters.

Key words: Cichlasomatini — Andinoacara — Aequidens — phylogeny — cichlids — cytochrome b

Introduction

Cichlasomatine cichlids are one of the major South American
cichlid groups and are among the most common small cichlids
in most habitats. The sister group of the South American
cichlasomatine cichlids are the predominantly Mesoamerican
heroine cichlids (Kullander 1998; Farias et al. 2001). The
subfamily Cichlasomatinae groups both cichlasomatine and
heroine tribes and has one of the most complex taxonomic
histories among Neotropical cichlids (see Kullander 1998;
Miller et al. 2005 and references therein). Progress in deci-
phering the taxonomy and generic diversity of the group has
been slow, and only recently gained momentum due to
increased phylogenetic resolution derived from molecular
markers (Farias et al. 1999, 2000, 2001; Marescalchi 2005;
Ritan and Kullander 2006; Concheiro Pérez et al. 2007;
Musilova et al. 2008). Solid insight into the phylogeny of the
subfamily Cichlasomatinae would be an essential prerequisite
for the stabilization of the confusing taxonomy.

The diversity of the tribe Cichlasomatini among cichla-
somatine cichlids has been until the 1980’s grouped into four
genera — Cichlasoma, Aequidens, Nannacara and Acaronia.
Kullander (1983a) recognized Cichlasoma as an unnatural
catch-all group in demonstrating that: (1) the type species
and several newly described species of Cichlasoma are related
to Aequidens, (2) most of the species previously placed in
Cichlasoma are unrelated and many of them also lack an
alternative generic allocation (referred to as 'Cichlasoma’ by
Kullander 1983a,b). All of the former Cichlasoma were later
placed in the newly proposed tribe Heroini with several other
genera (Kullander 1986, 1996). Kullander (1986) and
Kullander and Nijssen (1989) also revised the genus Aequi-
dens, from which they erected the genera Cleithracara,
Krobia, Laetacara, Bujurquina and Tahuantinsuyoa. Kullander
(1983a, 1986) himself stated that the generic classification of
cichlasomatine cichlids is not final and the first morphological

phylogenetic study of cichlasomatine cichlids (Kullander
1998) showed that at least two additional groups are not
part of the present genus Aequidens and could have a generic
status (the "Aequidens’ pulcher-rivulatus group and ’Aequidens’
hoehnei).

Musilova et al. (2008) have provided the first molecular
phylogenetic hypothesis for cichlasomatine cichlids including
all recognized genera and also representatives of unplaced
taxa. Monophyly of all recognized genera except Aequidens
has been supported. Aequidens was shown to include (1)
species belonging instead into Krobia and (2) one well
supported yet unnamed genus (the "Aequidens’ pulcher-rivula-
tus group). The genus Aequidens itself was found paraphyletic
with Cichlasoma as its inner group. Results at the generic level
except for Aequidens were otherwise mostly congruent with
morphological phylogeny (Kullander 1998). Relationships
between genera yet differed markedly from the morphological
phylogeny of Kullander (1998).

The aim of this paper is to: (1) Provide a morphological
phylogeny of cichlasomatine cichlids which would include a
much more detailed taxon sampling to test monophyly of
genera; (2) Expand the molecular data set of Musilova et al.
(2008) with another more conservative nuclear gene to address
phylogeny at deep nodes in the cichlasomatine evolution and
reconcile the morphological and molecular phylogenetic
signals; and (3) Review the generic classification of cichlasom-
atine cichlids.

Material and Methods

Taxonomic sampling

We studied 72 cichlasomatine species for which 96 morphological
characters were sampled and this data set is accompanied by four
molecular markers (two mitochondrial; cyt » and 16S; and two nuclear;
S7 intron 1 and RAG1) with a 42 species taxon sampling. Representa-
tives of all putative and established cichlasomatine genera were included
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Table 1. Species examined in this study

Taxon name RAGI Taxon name RAGI
Geophagus brasiliensis EU706360 Bujurquina peregrinabunda EU706399
Thorichthys meeki EU706361 Bujurquina syspilus EU706405
Andinoacara biseriatus EU706395 Bujurquina sp. ‘Maicur®’ EU706400
Andinoacara coeruleopunctatus EU706398 Cichlasoma amazonarum EU706369
Andinoacara pulcher AKV EU706381 Cichlasoma bimaculatum EU706368
Andinoacara cf. pulcher ‘Venezuela’ EU706382 Cichlasoma cf. araguaiense EU706371
Andinoacara cf. pulcher ‘Rio Chirgua’ EU706383 Cichlasoma dimerus EU706366
Andinoacara pulcher “Trinidad’ EU706408 Cichlasoma orinocense EU706367
Andinoacara rivulatus EU706379 Cichlasoma cf. pusillum EU706365
Andinoacara rivulatus AKV EU706380 Cleithracara maronii EU7063%4
Andinoacara sp. ‘Maracaibo’ EU706397 Krobia cf. guianensis EU706402
Acaronia nassa EU706390 Krobia potaroensis EU706364
Aequidens diadema EU706374 Krobia sp. ‘Oyapock’ EU706362
Aequidens chimantanus EU706378 Krobia sp. “Xingu’ EU706363
Aequidens metae EU706376 Laetacara curviceps EU706388
Aequidens patricki EU706370 Laetacara dorsigera EU706387
Aequidens sp. ‘Atabapo’ EU706375 Laetacara sp. ‘Buckelkopf’ EU706389
Aequidens sp. ‘Jenaro Herrera’ EU706403 Laetacara thayeri EU706401
Aequidens sp. Jaru EU706372 Ivanacara adoketa EU706396
Aequidens tetramerus “Venezuela’ EU706386 Nannacara anomala EU706391
Aequidens tetramerus ‘Rio Negro’ EU706373 Nannacara aureocephalus EU706392
Aequidens tubicen EU706377 Nannacara taenia EU706393
Bujurquina vittata EU706385 Tahuantinsuyoa macantzatza EU706384
Newly added taxa (i.e. not available for previous study

Musilova et al. 2008): col. no 16S cyt b S7 RAGI
Andinoacara sp. ‘Silbersaum’ (Peru) ICCU 0751 EU706351 EU706352 EU706353 EU706404
Bujurquina sp. ‘Chazuta’ (Peru) ICCU 0765 EU706354 EU706355 EU706356 EU706406
Bujurquina sp. ‘Pilcopata’ (Peru) ICCU 0766 EU706357 EU706358 EU706359 EU706407

Samples already used in previous study (Musilova et al. 2008) are mentioned in the upper part with the accession number for newly obtained

RAGTI sequence from GenBank.

Newly added species in this study mentioned below with their locality data, collection number and accession numbers for all four markers studied

herein.

in the phylogenetic analyses with the exception of "Aequidens” hoehnei,
which was not available for molecular study. The cyt b — 16S-S7 gene
data set included sequences from Musilova et al. (2008). The nuclear
gene RAGI1 is newly sequenced in this study to provide more resolution
and support at deeper nodes. The morphological data set was based on
an extensive review of literature coupled with a study of museum
specimens (Appendices S1-S3). Locations of the specimens used in this
study for the RAG 1 gene are the same as in Musilova et al. (2008) and
the locations of newly sequenced species are placed in Table 1.
Geophagine and heroine cichlids were used as outgroup taxa.

Morphological methods

Morphological characters are taken from two sources. In total, 96
characters are included. The first part of the characters is taken from
the study of Kullander (1998), so far the only study of cichlasomatine
cichlids using morphological characters. These are characters 32-75
(see Appendix S2). The remaining characters were obtained in this
study, both from literature (mainly Allgayer 1983; Casciotta 1998;
Kullander 1983a,b, 1984a,b, 1986, 1987, 1991, 1995, 1997, 1998;
Kullander and Nijssen 1989; Kullander and Prada-Pedreros 1993;
Kullander and Ferreira 1991; Inger 1956) as well as from study of
museum specimens. Characters from Kullander (1998) are predomi-
nantly internal anatomical characters, while those from this study
(characters 1-31 and 76-96) deal mostly with external morphology
(including meristic and shape characters), coloration patterns (studied
in an ontogenetic perspective; see Ri¢an et al. 2005), and behaviour.
Kullander (1998) studied a much smaller number of taxa compared
with the present study. We have included Kullander’s characters only
for those species that he actually examined (thus not artificially
inflating support for monophyly of genera), so that characters
introduced in the present study make it possible to test the monophyly
of genera.

doi: 10.1111/j.1439-0469.2009.00528.x
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Coding of morphological characters follows recommendations of
Campbell and Frost (1993) and Wiens (1995, 1999). Qualitative
characters were coded using the majority approach. Some characters,
which showed more discernible states, were coded using the scaled
coding (Campbell and Frost 1993) under the assumption that traits
pass through a polymorphic stage between absence and fixed presence.
The scaled method is advantageous in that it allows polymorphisms to
act as synapomorphies.

Quantitative characters were coded using a modified gap weighting
(GW) method of Thiele (1993). Thiele’s implementation of GW
involves finding, for a given character, the mean value of the trait in
each species in the analysis, the range of mean species values among
taxa (i.e. the species with the greatest mean value and the species with
the lowest), and then dividing this range into smaller ranges or
segments equal to the maximum number of character states allowed by
the phylogenetic software program (i.e. 32 for PAUP*). We used a less
fine-grained spacing, thus having in most cases <32 states. States are
then assigned to species based on these ranges. Evolving from low to
high mean trait values (or vice versa) therefore requires passing
through many intermediate states and requires many steps, whereas
smaller changes in trait values involve fewer state changes and fewer
steps. An important advantage of the gap-weighting method is that it
incorporates information on the distance between states, weighting the
changes according to the difference between mean species values (hence
the name).

We used the between-state scaling (Wiens 2001) to weight
quantitative multistate characters (i.e. those coded with the modified
GW method; see above) against each other. This weighting scheme
assigns transformations between species with fixed, adjacent values of
meristic variables (e.g. 13 to 14 vertebrae or five to six anal spines)
the same weight in all GW coded characters. The more fixed steps a
multistate quantitative character expresses the more information in
contains, but all multistate characters are a-priory weighted 1:1 in
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this method. To weight quantitative multistate characters against
qualitative characters we used the between-character scaling (Wiens
2001). All characters are thus in effect weighted 1:1 to each other
irrespective of their method of coding. Changes in binary variables
(0-1) thus have the same weight as the whole transformation series of
a multistate character.

Examined material is in Appendix S1, character description is in
Appendix S2 and the character matrix is in Appendix S3.

Molecular methods

The mitochondrial cytochrome b and 16S rRNA genes and the nuclear
first intron in S7 gene were used from Musilova et al. (2008). We have
in this study additionally amplified and sequenced the conservative
nuclear RAG1 gene. DNA was extracted from small pieces of muscle
or gill (10-25 mg) using the DNeasyTM Tissue Kit (Qiagen, Valencia,
CA, USA). We used forward primer 5-CTGAGCTGCAGTCAGTA-
CCATAAGATGT-3" and reverse primer 5-CTGAGTCCTTGTGA-
GCTTCCATRAAYTT-3 (both Grande et al. 2004) for amplification
of 1481 bp product. PCR condition consisted of an initial denaturation
step of 94°C (2 min), followed by 36 cycles of denaturation at 94°C for
1 min, annealing at 55°C for 1 min and extension at 72°C for 1 min.
The terminal extension was at 72°C for 8 min. PCR products were
purified by QIAquick® PCR Purification Kit (Qiagen), and directly
sequenced with the PCR primers using the BigDye™ Terminator Cycle
Sequencing Kit v.1.1 (Applied Biosystems, Foster City, CA, USA),
and following manufacturer’s instructions. Sequencing reaction prod-
ucts were cleaned with DyeEx 2.0 Spin Kit (Qiagen), and run on ABI
Prism 3130 Genetic Analyzer (Applied Biosystems). Chromatograms
were assembled and checked by eye for potential mistakes using
SeqMan II of the DNASTAR software package (http://www.dnastar.
com). Edited sequences were aligned using Clustal W as implemented
in BIOEDIT software package (Hall 1999). Stems and loops were
identified in the 16S rRNA sequences by alignment and homologiza-
tion with secondary structure of ribosomal RNA of catfishes (Moyer
et al. 2004) and alignment was checked to correspond with the
stem-loop positions.

All newly obtained sequences for RAG1 as well as sequences for 16S
rRNA, cytochrome b and S7 intron of species newly added to data set,
were submitted to GenBank (Accession Nos EU706351-EU706408).
See Table 1 with the list of species.

Phylogenetic analyses

Phylogenetic analyses of the morphological data set separately or
combined with nucleotide sequences (four genetic markers) were
performed using maximum parsimony (MP) as implemented in PAUP*
(Swofford 2002). The following heuristic search strategy was applied:
we first extensively sampled the tree space using 1000 random sequence
additions and keeping 10 trees per search (commands in PAUP*:
hsearch addseq = random nchuck = 10 chuckscore = 1 nreps =
1000). In the next step, we run a search on the saved trees to find all
the shortest trees (commands in PAUP*: hsearch start = current
nchuck = 0 chuckscore = 0). Robustness of clades was assessed
using bootstrapping (1000 pseudo-replications in PAUP*) with the same
approach as in the MP searches, with five random sequence additions
per bootstrap replication, and saving 10 trees from each random
sequence addition. Data exploration further included Bremer support
and partitioned Bremer support (PBS) to assess congruence or conflict
between the data partitions at each node of interest. Bremer analyses
were run with the same parameters as MP searches in pauP*.

Phylogenetic analyses of the nuclear and mitochondrial sequence
data were performed using Bayesian Inference (BI) as implemented in
MrBayes 3.0 (Huelsenbeck and Ronquist 2001). The best-fit model for
the different genes was selected with Modeltest 3.06 (Posada and
Crandall 1998) using the Akaike information criterion.

Bayesian analysis was performed using two independent runs of four
Metropolis-coupled chains (MCMC) of 10 million generations each, to
estimate the posterior probability distribution. The combined sequence
matrices were partitioned per gene fragment, and independent model
parameters were estimated for each partition. Separated genes were
analysed in runs of four million generations. Topologies were sampled

every 100 generations, and majority-rule consensus trees were esti-
mated after discarding the first 25% generations. Robustness of clades
was assessed using Bayesian posterior probabilities.

Tests of alternative topologies

To statistically test the significance of our results against competing
taxonomies (as found in the literature) and alternative phylogenies, we
performed statistical tests of alternative topologies. The tests used MP
and included the compare-2 T-PTP test, the Templeton test and the
Shimodaira-Hasegawa (SH) as implemented in pAUP* and using
default settings. The compare-2 T-PTP test has been run with 500
random additions.

Results

Results are summarized in Figs 1-5 and in Table 2. List of
morphological characters is in Appendix S2, matrix of mor-
phological characters is in Appendix S3.

Morphological phylogenetic analyses

Analyses of the morphological matrix have been performed with
two alternative approaches dealing differently with multistate
characters coded with the GW method (see Materials and
Methods; Fig. 1). In one analysis (Fig. la), all multistate
characters are unordered, in the second (Fig. 1b), those coded
with the GW method are ordered. Analysis with all multistate
characters unordered (L = 1563, N = 1206, CI = 0.46,
RI = 0.72) had higher values of consistency (CI) and retention
(RI) indices than the partially ordered analysis (L = 2560,
N = 144,CI = 0.32,RI = 0.68). All established genera except
Bujurquina are supported as monophyletic in both analyses (in
case of Aequidens only with exception of A. chimantanus).
Monophyly of (1) Bujurquina, (2) Aequidens and (3) the
' Aequidens’ pulcher group is supported only in the unordered
analysis (Fig. 1a). Two suprageneric clades are also recovered in
both analyses: the {"Aequidens’ hoehnei, [Laetacara, (Cleithra-
cara (Nannacara — Ivanacara))]} clade and the (Bujurquina,
Tahuantinsuyoa, ' Aequidens” pulcher-rivulatus group) clade.

Molecular phylogenetic analyses

Results of our molecular data set support all suprageneric
clades of Musilova et al. (2008), but slightly modify relation-
ships among them, with strong support for the branching
pattern in the BI analysis (Fig. 2). The endemic lineage of the
Guiana highlands (the NIC or Nannacara — Ivanacara —
Cleithracara clade) is found as the basal-most group of
cichlasomatine cichlids. The {[((Bujurquina, Tahuantinsuyoa),
"Aequidens’ pulcher-rivulatus group), Acaronial, Laetacara}
clade is the sister group of the [(dequidens — Cichlasoma),
Krobia) clade, among which Aequidens is paraphyletic to
Cichlasoma. The analysis supports the independent generic
status of the “Aequidens’ pulcher-rivulatus group, which is also
supported by all molecular markers independently (Fig. 2).
Only Aequidens is thus not supported as a monophyletic genus.

Agreement between the morphological (Fig. 1) and molec-
ular (Fig. 2) phylogeny is thus very good at the generic level
(the only exception being Aequidens). At the suprageneric level,
the Cleithracara, Nannacara — Ivanacara clade (NIC clade in
Musilova et al. 2008) and the Bujurquina, Tahuantinsuyoa,
' Aequidens’ pulcher-rivulatus clade (BTA clade in Musilova
et al. 2008) are found in both analyses. Conversely, Laetacara
is not supported by molecular characters as a close relative of
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Fig. 1. Phylogeny based on morphological characters. (a)Analysis with all multistate characters unordered (L = 1563, N = 1206, CI = 0.46,
RI = 0.72). (b) Analysis with multistate characters coded with the gap weighting method ordered (L = 2560, N = 144, CI = 0.32, RI = 0.68).
Agreement between the two topologies shown with bold lines. Values represent bootstrap support (N = 1000). Genus name abbreviations:
A. = Aequidens, Ac. = Acaronia, An. = Andinoacara, B. = Bujurquina, C. = Cichlasoma, Cl. = Cleithracara, I. = Ivanacara, K. = Krobia,

L. = Laetacara, N. = Nannacara, T. = Tahuantinsuyoa.

the Cleithracara, Nannacara — Ivanacara (NIC) clade as found
in morphological analyses.

Combined morphological-molecular phylogenetic analyses

Full taxon sampling and limited overlap between data partitions
Combined analysis of morphological and molecular data with
full taxon sampling had limited overlap between morpholog-
ical and molecular partitions, but nevertheless resulted in a
resolved phylogeny (Fig. 3). The support values are low except
for the generic level, and the phylogenetic hypothesis is also
different based on treatment of ordered versus unordered
multistate characters. The analysis with all multistate charac-
ters unordered resulted in more equally parsimonious trees
(Fig. 3a; L = 5566, N > 15000, CI = 0.37, RI = 0.67), but
has higher CI and RI indices compared with the partially
ordered analysis (Fig. 3b; L = 6545, N = 62, CI = 0.33,
RI = 0.66), and is also more in agreement with the molecular
analysis (Fig. 2) at the genus level. Both analyses support
monophyly of all genera except Aequidens (see above), and the
monophyly of the "Aequidens’ pulcher-rivulatus group and of
Bujurquina are supported only in the all-unordered analysis
(Fig. 3a). Importantly, both analyses also support the {"Aequi-
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dens’ hoehnei, [Laetacara, (Nannacara — Ivanacara, Cleithra-
cara)]} clade, in agreement with the morphological phylogeny
(Fig. 1), but contrary to molecular phylogeny (Fig. 2), which
finds Laetacara as unrelated. "Aequidens’ hoehnei is a separate
lineage.

We have performed PBS analyses on this data set to assess
character conflict and agreement between data partitions, but
the results are inconsistent, widely different even in the total
contribution of individual data partitions and probably the
reason is too much missing data partitions. Hence, we do not
present the PBS results herein, but we report a PBS analysis on
the matrix with reduced taxon sampling (see below).

Reduced taxon sampling and full overlap between data partitions
The reduced taxon sampling data set is the only way for us to
combine both molecular and morphological data partitions
without having too much missing information in our analyses.
We have again performed two analyses differing in the
treatment of potentially ordered characters. The all-unordered
analysis (Fig. 4a; L = 4888, N = 1, CI = 0.38, RI = 0.66)
still has slightly higher CI and RI indices, as well as a higher
overall Bremer support (972 versus 965; L = 5487, N = 1,
CI = 0.37, RI = 0.65; Fig 4b, see Table 2 for node support
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Fig. 2. Phylogeny based on 3718 molecular characters of four genes (16S, cyt b, RAGI1, S7) using Bayesian inference. Analysis was performed
with two parallel runs of 10 000 000 generations. The newly proposed genus Andinoacara is highlighted and its support and relationships of
included species are shown in the individual trees to the right. These phylogenetic trees presented insets for each molecular marker were analysed
separately by 4 000 000 generations. Values in nodes represent Bayesian posterior probabilities; values in inset trees represent (1) the MP

bootstrap support (N = 1000) and (2) posterior probabilities x100.

and PBS) and is thus internally more congruent. Composition
of genera and of suprageneric clades is the same as in the
molecular analysis with the exception of Laetacara being
related to Cleithracara plus Nannacara — Ivanacara. Relation-
ships between the main clades are yet different in the two
analyses, demonstrating limits of resolution of our phyloge-
netic hypotheses. A considerable factor is however character
conflict. Morphology strongly supports the placement of
Laetacara with Nannacara — Ivanacara — Cleithracara clade
(Figs 1, 3 and 4), while molecular characters strongly support
a different topology (Fig. 2). Morphology yet prevails in the
combined analyses (Figs 3 and 4).

On the taxonomic level most of our phylogenetic analyses
are conclusive, and support the "Aequidens’ pulcher-rivulatus
group as a separate lineage, strongly supported by molecular
and combined analyses, with marginal support also in mor-
phological analyses with all characters unordered (Fig. 1a). We
thus propose the 'Aequidens’ pulcher group as a new genus
related to the Bujurquina — Tahuantinsuyoa clade. ’Aequidens’
hoehnei is also in all analyses supported as a separate lineage
among cichlasomatine cichlids. But the situation is less clear-
cut, since we have not been able to study this rare species for
molecular characters. Based on our results it is the sister group
of the Laetacara, Cleithracara, Nannacara — Ivanacara clade
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Fig. 3. Phylogeny based on combined analysis of morphological and molecular data (16S, cytb, S7, RAG1) with full taxon sampling and limited
overlap between partitions (Phase ). (a) Analysis with all multistate characters unordered (L = 5566, N > 15000, CI = 0.37, RI = 0.67). (b)
Analysis with multistate characters coded with the gap weighting method ordered (L = 6545, N = 62, CI = 0.33, RI = 0.66). Agreement
between the two topologies shown with bold lines. Values represent bootstrap support (N = 1000). Genus name abbreviations as in Fig. 1.

(which yet has a conflict between morphological and molecular
data in regard of the inclusion of Laetacara into this clade; see
Figs 2 and 4). We have additionally examined the phylogenetic
position of “Aequidens’ hoehnei under two different taxon
samplings, removing from our analyses either Laetacara or
Cleithracara plus Nannacara — Ivanacara (not shown). In both
cases 'Aequidens’ hoehnei is placed in the same position in the
phylogenetic tree, either as the sister group of Laetacara (if
Cleithracara plus Nannacara — Ivanacara are deleted), or
Cleithracara plus Nannacara — Ivanacara (vice versa). This
demonstrates that the position of "Aequidens’ hoehnei is not an
artifact, but that it shares characters with both groups in
question. While its position for the moment remains tentative,
our analyses demonstrate that it represents a separate genus at
least based on morphological characters.

Character analyses

The combined morphological — molecular phylogenies (Figs 3
and 4) have been used to study character evolution using the
software Mesquite (Maddison and Maddison 2004). The aim
of these analyses was to test diagnosability of all established
genera and two separate lineages (the "Aequidens’ pulcher-
rivulatus group and *Aequidens” hoehnei). Autapomorphies and
apomorphic character combinations have been obtained in this
way for all genera and were specifically used to formulate
diagnoses of the newly proposed genera (with addition of

doi: 10.1111/j.1439-0469.2009.00528.x
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characters known to be autapomorphic and not included in the
phylogenetic character matrix). Results of the diagnosability
analysis are shown in Fig. 5. Based on the diagnosability
analyses all genera as supported in this study except Aequidens
are diagnosable (either on their own by unique characters
and/or by combinations of apomorphic character states, or in
comparison against closely related genera). Aequidens should
best be synonymized with Cichlasoma, as it is paraphyletic and
undiagnosable on its own. Ivanacara is based on our results
paraphyletic to Nannacara, and our diagnosability analysis
also recovered only very few characters shared by the
Ivanacara species to the exclusion of Nannacara. Our molec-
ular sampling is yet not complete for Ivanacara genus and
support for it’s paraphyly is also very low and a final decision
about the generic status of Ivanacara thus awaits further study
(the same applies to “Aequidens’ hoehnei; see above). The
highest degree of morphological change among cichlasoma-
tines is found in the Laetacara — Cleithracara — Nannacara —
Ivanacara clade and in Acaronia. The other genera are in
comparison rather generalized morphologically.

Taxonomy

Andinoacara n. gen.

‘Aequidens’ pulcher group (Kullander 1998)
‘Aequidens’ rivulatus group (Kullander 1998)
‘Aequidens’ pulcher group (Musilova et al. 2008)
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Fig. 4. Phylogeny based on combined analysis of morphological and molecular data (16S, cytb, S7, RAGI1) with a reduced taxon sampling and
complete overlap between morphological and molecular partitions (Phase 2). Branch lengths are shown. (a) Analysis with all multistate characters
unordered (L = 4888, N = 1, CI = 0.38, RI = 0.66). The total Bremer support of the tree is 972 (PBS: Rican, Kullander, 16S, cytb, S7, RAG1:
19, 163, 111, 541, 65, 75). (b) Analysis with multistate characters coded with the gap weighting method ordered (see character matrix for details;
L = 5487, N = 1, CI = 0.37, RI = 0.65). The total Bremer support of the tree is 965 (PBS: Rican, Kullander, 16S, cytb, S7, RAGI: 116, —24,
173, 387, 190, 123). Agreement between the two topologies shown with bold lines. Values represent node numbers. Refer to Table 1 for node

support. Genus name abbreviations as in Fig. 1.

Type species. Acara latifrons Steindachner, 1878

Contained species. Cichlosoma biseriatum Regan, 1913, Acara
coeruleopuncta Kner, 1863, Acara latifrons Steindachner, 1878,
Cychlasoma pulchrum Gill, 1858, Chromis rivulata Giinther,
1860, Acara sapayensis Regan, 1903, undescribed tentative
species Andinoacara sp. Silbersaum.

Diagnosis. Small to moderate sized (8-30 cm TL) South
American cichlids with American type lips, six preoprecular
and four dentary lateralis foramina, minute or absent interarc-
ual cartilage. Similar to the closely related Bujurquina and
Tahuantinsuyoa in having enlarged lateralis foramina, uniserial
predorsal scale pattern, notched dorsal margin of anterior
ceratohyal with laminar ledges bordering arterial groove
(forming a bony canal in A. rivulatus), only three anal fin
spines, modally six ceratobranchial gill rakers on first arch,
opalescent spots and vermiculations on head, body and fins, the
posterior part of the midlateral stripe inclined dorsally towards
the insertion of the posterior border of the dorsal fin.
Distinguished from similar genera by a combination of
characters: absent parhypural spine; angle of the uncinate
process of epibranchial 1 relative to the main axis of the bone
very wide (versus narrow angle); epibranchial 1 with a
posterodorsal laminar expansion with sharp angle (versus
absent); caudal opening of the posterior myodome narrow
(versus wide in Tahuantinsuyoa and closed in Bujurquina);
caudal fin rounded (versus subtruncate-truncate) with brightly
colored edges (also egde of dorsal fin); caudal-fin accessory
lateral lines modally present and running between rays V4 and
V5, and D1 and D2; <8 scales in the lower lateral line (versus

more than 8); continuation of band on head obliquely forwards
across nape in some species; anteriorly inclined supraorbital
stripe (or missing); prominent suborbital stripe and nearly
midbasal caudal spot; Aequidens type breeding coloration (pale
vertical bars bordering the midlateral blotch); substrate spawn-
ing non-oral brooders (versus mouthbrooders). Additionaly
distinguished from Bujurquina in having modally 8 (versus 7)
anal fin rays, <12 (versus 12—13) abdominal vertebrae, globular
interarcual cartilage (versus absent) and last basapophysis
present on first to third caudal vertebra (versus on the last
abdominal vertebra). Additionaly distinguished from Tah-
uantinsuyoa in modally having <13 caudal vertebrae (versus
more than 14) and having the first hemal arch on the first caudal
vertebra (versus on the last abdominal vertebra).

Description. Largest examined specimen 133.3 mm SL.

Shape. Range in parentheses is range of average values in
individual species. Head length 29-37% of SL (33-35%),
snouth legth 6-14% of SL (8-10%), body depth 24-51% of SL
(38-48%), orbital diameter 7-15% of SL (10-13%), head width
16-23% of SL (18-21%), interorbital width 8-16% of SL
(11-14%), preorbital width 5-11% of SL (7-9%), caudal
peduncle depth to length 45-100% (53-85%), pectoral fin
length 25-44% of SL (31-41%), ventral fin length 25-52% of SL
(27-42%), last dorsal fin spine length 14-23% of SL (15-21%).

Fins. Dorsal fin. XIII-XVI (XIV-XV; range of modal values
for species in parentheses), 9—13 (10-11), Anal fin. III, 7-10 (8),
Pectoral fin. 12—-15. Unpaired fins naked.

doi: 10.1111/5.1439-0469.2009.00528.x
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Scales. Scales along midlateral line 22-25, L1. 11-18 (15-17),
L2 scales 6-10 (7-9), predorsal scales 7-13 (7-10), cheek scale
series 2—4 (2-3).

Gill rakers. Ceratobranchial gill rakers externally on lower
portion of first arch 5-10.

Vertebrae. 12 abdominal, 13—14 caudal vertebrae, 2-4 caudal

Tahuantinsuyoa, which is, based on our results, the sister
group of Bujurquina. The species placed here in Andinoacara
were left in Aequidens in Kullander (1986) and in all
subsequent studies (summary in Kullander 2003). Kullander
(1983b)in  his PhD thesis mentioned that species of
Andinoacara could be placed into a separate genus (he
proposed the name Coeruleocara, but later never used it, and
specifically stated that all names introduced in his dissertation

are disclaimed for the purpose of Zoological nomenclature —
ICZN). We demonstrate that Andinoacara species are not
synonymous with Aequidens and have to be placed in a
different genus. Andinoacara does not present clear unique
distinguishing characters or character states from the closely
related Tahuantinsuyoa and Bujurquina, but is distinguished
from these by character combination (see Fig. 5). An
important distinguishing character from the two genera
Tahuantinsuyoa and Bujurquina is behaviour, because both
are larvophilic biparental mouthbooders, while Andinoacara
are substrate spawning non-oral brooders as all other
Cichlasomatini. Distribution is also a good distinguishing
feature. Andinoacara is a trans-andean South American genus,
while Tahuantinsuyoa and Bujurquina are mostly western
Amazonian taxa. The phylogeny of the clade dates back to a
vicariance caused by the Andes (Musilova et al. 2008).

peduncle vertebrae.

Etymology. Named after the Andes mountain chain and the
name Acara, used historically for cichlid fishes. History of
the genus has been shaped by the Andes mountains and this
cichlid group is distributed on both cis- and trans-andean
slopes and in the intervening valleys of the three arms of the
Northern Andes. The name Acara has been variously used
as both femininum and masculinum. We use it as mascul-
inum following Acara tetramerus Heckel, 1840, which is the
type of the genus Aequidens, from which we elevate the
"Aequidens’ pulcher species group to generic status.

Distribution. North-western trans-andean South American
cichlids with one species reaching into lower Central
America (4. coeruleopunctatus) and one or more species into
cis-andean South America in the Orinoco drainage (A.
pulcher). Southern-most report is 50 km south from Lima
(Peru; Stawikowski and Werner 1998), the southern-most
cichlid fish record in trans-andean South America. Northern
distribution border is reached in the southern pacific drainages
of Costa Rica (Rio Santiago-Tabasara and Rio Bubi
drainages; Bussing 1998). Easternmost distribution is in
Venezuela and Trinidad (see Fig. 6).

Discussion

In this study, discordances were found in the relationships
between the genera based on morphology (Kullander 1998) and
molecular characters (Musilova et al. 2008). The first molecular
phylogeny of cichlasomatines (Musilova et al. 2008) supported
the taxonomy established by Kullander (1998, 2003 and
references therein) only in the generic level. Contrarily, deeper
phylogeny presented by these two studies was conflicting a lot.
For this reason we have decided to explore both morphological
and molecular data sets simultaneously in the present study.

Notes. Andinoacara species were previously placed within the
genus Aequidens Eigenmann & Bray, 1894. Kullander (1986)
erected the genus Bujurquina for similar species placed also
in  Aequidens and additionally described the genus

Fig. 5. Diagnosability analyses. Morphological characters have been mapped onto the total evidence phylogenetic analysis with the addition of
" Aequidens’ hoehnei and both Ivanacara species (" Aequidens” hoehnei and Ivanacara bimaculata are missing molecular information, all other species
have both morphological and molecular data partitions). The characters have been mapped using Mesquite (Maddison and Maddison 2004).
Multistate characters coded with the gap weighting method have been ordered (as in Fig. 4b) which is justified by the logic of this coding method
and is also better for interpreting apomorphies in the multistate characters (especially those coded with the gap weighting GW method; see
Materials and Methods). The analysis had the following results: L = 5889, N = 2, CI = 0.36, RI = 0.65. (a) Diagnosability analysis based on
qualitative characters (characters 23-96; see Appendix S2). (b) Diagnosability analysis based on quantitative characters (characters 1-31). Legend
to character boxes: White number in a black box: the character is unique for the group (in case of multistate characters — (b) — is this coding
applied when the ancestral state for cichlasomatines is on one extreme of the character range and the given group is unique for being at the
opposite extreme of the range); Black number in a white box: the character is apomorphic for the group, but is shared with one or more other
groups (in case of mutistate characters — (b) — it is applied in a situation where the ancestral state for cichlasomatines is on one extreme of the
character range and the given group is apomorphic in lying on the opposite extreme of the range, but this apomorphy is not unique); The two
other codings are only applied to multistate characters in the situation that the ancestral state for cichlasomatines is the middle of the characters
range. White number in a grey box is for apomorphies at the upper extreme of the characters range and the character state is not autapomorphic
for the given group. Grey number in a white box is for apomorphies at the lower extreme of the characters range and the character state is not
autapomorphic for the given group. Shading of taxa demonstrates level of diagnosability (shading towards black for genera with unique
characters; shading towards grey for genera with a unique combination of characters but lacking unique characters). Interrupted lines dem-
onstrate lack of resolution and support at basal nodes in the cichlasomatine phylogeny. In (a) Aequidens is the only non-diagnosable genus (and it
is also paraphyletic to the well diagnosable Cichlasoma). In (b) Krobia and Andinoacara are not diagnosable [both genera are diagnosable in (a)]
and Aequidens is diagnosable only when synonymized with Cichlasoma. Based on the diagnosability analyses all genera as proposed in this study
except Aequidens are diagnosable (either on their own by unique characters and/or by combinations of apomorphic character states, or in
comparison against closely related genera). Aequidens should best be synonymized with Cichlasoma, as it is paraphyletic and undiagnosable on its
own. Ivanacara is based on our results paraphyletic to Nannacara. Our molecular sampling is yet not complete for this genus and support for it’s
paraphyly is also very low and a final decision about the generic status of Ivanacara thus awaits further study. The highest degree of mor-
phological change among cichlasomatines is found in the Laetacara — Cleithracara — Nannacara — Ivanacara clade and in Acaronia. The other
genera are in comparison rather generalized morphologically. The question mark in (a) show the uncertain position of character 45, because of
missing data.

doi: 10.1111/5.1439-0469.2009.00528.x
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Table 2. Character support for combined analyses with reduced taxon sampling (see Fig. 4)

PBS PBS
Morphology Molecular partitions Morphology molecular partitions
This This
Boot BS study Kullander 16S  cytb S7 RAGI Boot BS study Kullander 16S  cytb S7 RAGI

Node 1 80 24 -10 30 1 7 -3 -1 Node 1 73 16 =20 20 4 -1 10 3
Node2 100 22 -5 10 2 17 -2 0 Node 2 98 20 6 -5 5 7 5 2
Node 3 9% 20 6 10 -1 13 -6 -1 Node 3 99 31 5 0 5 22 =2 1
Node 4 95 12 0 0 2 5 1 4 Node 4 91 15 9 -10 4 1 5 6
Node 5 94 13 0 0 2 11 0 0 Node 5 90 14 2 0 2 10 0 0
Node 6 100 39 21 15 1 5 -4 1 Node 6 100 48 23 5 6 9 2 4
Node 7 8 5 0 0 3 1 1 1 Node 7 93 8 1 0 2 5 0 1
Node 8 100 39 0 0 6 31 1 1 Node 8 100 41 2 0 5 32 1 1
Node 9 54 1 =2 0 1 2 0 0 Node 9 53 2 4 0 0 -2 0 0
Node 10 100 24 -3 0 3 22 0 2 Node 10 100 23 -3 0 3 21 0 2
Node 11 100 27 0 0 2 25 -1 1 Node 11 100 27 0 0 2 25 -1 1
Node 12 100 18 0 0 4 11 0 3 Node 12 100 19 0 0 4 12 0 3
Node 13 90 5 -1 0 3 3 0 0 Node 13 82 8 6 -9 5 0 3 1
Node 14 94 7 0 0 -1 10 -2 -1 Node 14 76 6 -8 0 3 16 -5 0
Node 15 61 1 0 0 1 0 0 0 Node 15 55 2 0 0 1 1 0 0
Nod 16e 59 1 0 0 1 4 -4 0 Node 16 52 1 0 0 1 4 4 0
Node 17 100 39 1 13 2 10 9 4 Node 17 100 38 0 5 3 13 12 5
Node 18 91 13 0 -15 6 8 6 8 Node 18 87 13 7 -20 9 -2 10 9
Node 19 100 21 0 5 0 14 2 0 Node 19 90 18 —4 5 4 14 2 -3
Node 20 100 23 0 0 7 15 2 -1 Node 20 100 25 12 -10 11 6 6 0
Node 21 100 34 -5 0 3 33 2 1 Node 21 100 31 0 0 4 26 1 0
Node22 88 3 0 0 0 1 1 1 Node22 90 3 0 0 0 1 1 1
Node 23 100 43 -1 0 1 27 10 6 Node 23 100 33 0 0 6 11 10 6
Node 24 100 35 0 5 5 16 5 4 Node 24 100 35 7 -5 5 13 9 6
Node 25 100 17 0 0 1 12 5 -1 Node 25 100 15 7 -10 1 6 10 1
Node26 82 8 0 0 -1 5 3 1 Node 26 94 13 12 -10 3 -3 7 4
Node 27 100 64 8 0 2 50 2 2 Node 27 100 83 12 10 8 38 9 6
Node 28 100 34 -1 8 3 22 2 2 Node 28 100 27 12 -10 0 11 9 5
Node 29 / 4 0 0 2 4 -2 0 Node 29 /1 7 -10 2 -5 5 2
Node 30 100 34 -3 2 6 16 6 6 Node 30 100 31 0 0 5 13 7 6
Node 31 85 27 0 25 4 -1 -1 0 Node 31 88 26 -22 40 2 -10 9 7
Node 32 100 117 7 15 14 53 16 12 Node 32 100 123 27 -3 18 44 23 15
Node 33 100 46 -4 0 7 41 1 1 Node 33 98 25 -18 -10 9 36 5 3
Node 34 94 33 -1 15 -1 5 7 8 Node 34 66 11 -20 20 1 -5 9 6
Node 35 100 91 21 5 20 14 18 13 Node 35 100 89 21 0 22 15 18 13
Node 36 100 13 0 0 2 10 0 1 Node 36 100 14 7 -10 3 6 5 3
Node A / 5 =5 10 -1 8 -5 -2 Node D 73 27 5 10 1 9 1 1
Node B / 5 =5 10 -1 8 -5 -2 Node E /1 7 -10 2 -5 5 2
Node C 75 5 1 0 0 3 0 1 Node F / 2 10 -7 2 -7 3 0
Total 3326 972 19 163 111 541 65 75 Total 3248 965 116 —24 173 387 190 123
In % 100 1.95 16.76 1141 5565 668 7.71 In% 100 12.02 -2.48 17.92  40.1 19.68 12.74
Unord Ord

Left half of table is for unordered analysis (see Fig. 4a), right half for matrix containing ordered characters (see Fig. 4b).

First column in each half of table shows bootstrap support (Boot; Nreps = 1000), remaining columns show Bremer support (BS) and partitioned
Bremer support (PBS; six data partitions: MOR: this study, Kullander (1998); MOL: 168, cytb, S7, RAG]).

Lower two lines show totals of bootstrap and BS (PBS) analyses, which can be interpreted as overall support for each cladogram.

Based on this the unordered analysis (left half, Fig. 4a) is more internally consistent.

Phylogeny of cichlasomatine cichlids based on morphological
and molecular characters

Our morphological phylogeny supports the monophyly of all
cichlasomatine genera with the exception of Aequidens sensu
Kullander (2003) and Ivanacara (sensu Romer and Hahn
2007). In most respects our analyses thus support the
revisionary studies by Kullander (1986) and Kullander and
Nijssen (1989). The least supported genera in morphological
characters are (1) Bujurquina and (2) the newly proposed genus
Andinoacara, where each of them lack unique characters, but
are nevertheless diagnosable by combinations of apomorphic
character states (Fig. 5). Both are monophyletic and strongly

doi: 10.1111/j.1439-0469.2009.00528.x
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supported in all molecular analyses, in all combined morpho-
logical — molecular analyses with a full overlap between data
partitions, and in all other analyses with multistate morpho-
logical characters unordered (Fig. 1a). The only conflict is thus
with the multistate quantitative morphological characters,
which when ordered receive effectively higher weights and thus
overweight qualitative morphological characters. Based on
combined analyses many of these characters need to be
interpreted as convergent and as depicting the meristic and
plastic variation within the genera.

The genus Aequidens was found as paraphyletic to Cichla-
soma in both the previous (Musilova et al. 2008) and the
present molecular study (Fig. 2). In morphological data is
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Fig. 6. Map showing distribution of the newly proposed genus Andinoacara. The genus is originally trans-Andean South American (i.e. dis-
tributed west of the Andes). The sister group of Andinoacara (Bujurquina plus Tahuantinsuyoa) are ancestrally a western Amazonian lineage. The
separation of Andinoacara from the Bujurquina — Tahuantinsuyoa lineage corresponds to a vicariance caused by the Andean orogeny (see
Musilova et al. 2008). The A. rivulatus group is limited to the ancestral area, while the A. pulcher group has one species in the ancestral area (4.
coeruleopunctatus, which also reaches into southern Costa Rica in lower Central America) and the rest of the group has secondarily colonized cis-
Andean South America in the Orinoco drainage; A. latifrons in the Cauca valley (between the Western and Central Andean chains) and in the
Magdalena valley (between the Central and Eastern chains), 4. sp. Maracaibo in the Maracaibo valley (within two bifurcations of the Eastern
chain) and A. pulcher in the extensive Orinoco llanos and on the island of Trinidad in the Orinoco delta area.

Aequidens monophyletic (Fig. 1; with the exclusions of the
Guianan species belonging to Krobia instead; see below), but
combined morphological and molecular phylogenies do again
recover Aequidens as paraphyletic to Cichlasoma with high
support (Figs 3 and 4). Morphological analyses recover the
two genera as monophyletic, but in combined analyses, where
Aequidens is paraphyletic, a conflict between morphological
and molecular partitions is weak or absent (see nodes 2-5 in
Figs 4a and b and in Table 2). Morphological characters do
not reject the paraphyly of Aequidens s. str. in respect to
Cichlasoma (see also Fig. 5).

Two species from the Guiana drainages formerly placed
tentatively in Aequidens (Kullander 2003) are in all our
morphological, molecular and combined analyses strongly
supported as part of the genus Krobia (Krobia potaroensis,
Krobia paloemeuensis).

In agreement with previous morphological phylogeny
(Kullander 1998) and with molecular phylogenies (Musilova
et al. 2008; this study) the genera Nannacara, Ivanacara and
Cleithracara are found as closely related (Ivanacara is, yet, in
our analyses paraphyletic to Nannacara). Both Kullander
(1998) and our morphological phylogeny (Fig. 1) support a
close relationship of Laetacara with the Nannacara — Ivanacara
— Cleithracara clade. This group is yet not supported by
molecular characters, which find Laetacara as the sister group
to BTA clade (Bujurquina — Tahuantinsuyoa — Andinoacara)
(Fig. 2). Morphological characters overweight molecular char-
acters in the total evidence analyses (Figs 3 and 4), but the
conflict cannot be interpreted as based only on molecular data
(see PBS results). In the analysis with all multistate morpho-
logical characters unordered (node 31 in Fig. 4a; Table 2 left),
there is virtually no conflict between morphological and

molecular partitions. The conflict is only present in the
analysis with ordered multistate characters (node 31 in Fig. 4a;
Table 2 right), and in this case both morphological as well as
part of molecular characters (cyt b) are conflicting the node.
The conflict is thus not between data partitions but in
treatment of ordering of multistate morphological characters.
Morphological phylogeny further supports a close relation-
ships between ’Aequidens’ hoehnei and the {Laetacara,
[Cleithracara (Nannacara — Ivanacara)]} clade. Kullander’s
(1998) morphological phylogeny supports the same placement,
but only in analysis without a-posteriori weighting, which
Kullander (1998) did not present as his final phylogenetic
hypothesis. We have unfortunately been unable to study this
rare species for molecular characters and its phylogenetic
position thus remains tentative, based only on morphological
characters. It yet presents a completely unique character combi-
nation and is both in terms of phylogenetic relationships and
diagnosability not attributable to any established cichlasomatine
genus. Statistical tests of alternative topologies (Table 3) yet
could notreject the possibility that” Aequidens’ hoehneibelongs to
any of the above genera (Laetacara, Cleithracara or Nannacara—
Ivanacara), probably only due to lack of molecular data.
Finally, morphological (with unordered quantitative morpho-
logical characters (see Results), molecular and combined phy-
logenies, diagnosability analyses (Fig. 5) and tests of alternative
topologies (Table 3) support a close relationship and separate
generic status of the genera Bujurquina, Tahuantinsuyoa and the
newly named genus Andinoacara(the BT A clade). Support for the
monophyly of Bujurquina and Andinoacara is weak in morpho-
logicaldata (Fig. 1), butverystronginthemoleculardata(Fig. 2)
and in combined analyses (Figs 3 and 4) with unordered
quantitative morphological characters (see Results).

doi: 10.1111/5.1439-0469.2009.00528.x
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a robust phylogeny of all included species using both molecular
(nuclear and mitochondrial) and morphological characters.

Based on the results of the phylogenetic (Figs 1-4) and
diagnosability analyses (Fig. 5), and the results of the statis-
tical tests of alternative topologies (Table 3), the most accurate
solution at the present state of knowledge would be to
synonymize Aequidens with Cichlasoma. Cichlasoma is well
diagnosable, while Aequidens is not and is in all morphological
characters simply ancestral to Cichlasoma (quite many char-
acters actually show a gradual transformation within Aequi-
dens towards Cichlasoma; Fig. 5). The alternative, that of
splitting Aequidens into several genera, does not find much
support in the presented morphological characters (but many
more characters could probably be found in a more detailed
study focusing on the Aequidens — Cichlasoma question).

The alternative, that of splitting Aequidens into several
genera, would at the present moment need to result in the
establishment of at least four separate genera based on our
analyses of a limited number of taxa (Fig. 4), but the
paraphyly of Aequidens could be much more extensive as
suggested by the more inclusive analysis (Fig. 3). If this should
prove to be true the number of small genera would grow
excessive and would not be justifiable. Molecular trees also
suggest that such genera would be separated by very short
internodes, suggesting recent speciations, which are better
treated as within generic. Most indications thus for the present
moment suggest to synonymize Aequidens with Cichlasoma but
additional more detailed studies are clearly needed.

Roémer and Hahn (2007) described the genus Ivanacara for
two species traditionally placed into Nannacara (N. adoketa,
N. bimaculata). None of our analyses supports division of
Nannacara into two genera, the proposed genus Ivanacara
being in the morphological phylogeny paraphyletic to the rest
of Nannacara or the topology was unresolved (Figs 1 and 3).
Nevertheless, this paraphyly is weakly supported in our
analyses (bootstrap 53 and 56; see Figs la and 3b respectively)
and we thus continue using the name Ivanacara. Unfortu-
nately, one of two Ivanacara species, I. bimaculata, has not
been available to us for molecular analyses. Both Ivanacara
species need to be included in future studies to finally resolve
the generic status of Ivanacara.

Contrasting diversity and evolution of cichlasomatine and
heroine cichlids

The two sister tribes of cichlasomatine cichlids (Cichlasomatini
and Heroini) differ greatly in their generic diversity and
evolutionary history. While both groups have comparable
species diversity, heroine cichlids include a much larger number
of lineages, restricted or monotypic genera and also a much
larger spectrum of body forms, ecologies and adaptations
(Concheiro Pérez et al. 2007; Ri¢an et al. 2008). The different
evolutionary histories of cichlasomatines and heroines are well
reflected in the different structuring of diversity i.e. the high
number of isolated small lineages and fast divergences in large
clades in heroines compared with the well clustered diversity of
cichlasomatines. These alternative evolutionary histories are
also well reflected in the degree in which morphological
diversity agrees with molecular phylogeny. In cichlasomatines
there is a very good agreement between morphological and
molecular phylogenetic trees, while in heroines the morpho-
logical trees have very little resemblance to molecular trees
(Chakrabarty 2007; Rican et al. 2008), despite a similar

number of characters sampled and the same coding techniques
and computing algorithms used in both groups. The differences
thus appear to have a biological meaning.

The biogeographical setting of cichlasomatine and heroine
diversification has also been intriguingly rather different. Most
cichlasomatine lineages evolved in different corners of the
Amazon basin and especially in and around the Guiana
highlands (Musilova et al. 2008), while most heroine evolution
is centered on Mesoamerica (plus Greater Antilles), the Andes
and the Brazilian highlands (Ri¢an and Kullander 2006;
Concheiro Pérez et al. 2007 Ritan et al. 2008). The only
common area of distribution of cichlasomatines and heroines
(except for the highly mixed lowland Amazonia) are thus the
slopes of the Andes, with both groups having diversified mainly
elsewhere. The different evolutionary areas and local conditions
obviously played important roles in the evolution of each of the
two sister groups. With the known phylogeny of both tribes the
subfamily Cichlasomatinae opens itself as an ideal model to a
wealth of both micro- and macroevolutionary studies.

Zusammenfassung

Phylogenie der neotropischen Cichlasomatini ( Teleostei: Cichlidae) auf
Grund morphologischer und molekularer Daten, mit der Beschreibung
einer neuen Sattung

Die phylogenetischen Beziehungen der cichlasomatinen Cichliden
wurden anhand einer umfangreichen Artenauswahl mittels morpho-
logischer und molekularer Datensétze ermittelt. Die neue Gattung,
Andinoacara n. gen. (von fritheren Autoren als A. pulcher-rivulatus
Gruppe bezeichnet) mit sechs Arten aus dem westandinen Stidamerika
und dem nordwestlichen ostandinen Siidamerika wird basierend auf
phylogenetischen und diagnostischen Analysen sowie Tests alternati-
ver Topologien beschrieben. Unsere Ergebnisse zeigen, dass die
Vielfalt der cichlasomatinen Cichliden in fiinf prinzipiellen Linien
mit elf Gattungen und drei Kladen (iiber Gattungsebene) aufgeteilt ist.
Das sind: der ((Bujurquina, Tahuantinsuyoa), Andinoacara) Kladus
(BAT); der (Cleithracara, (Nannacara, Ivanacara)) Kladus (NIC) mit
Laetacara und ‘Aequidens’ hoehnei sowie der (Aequidens, Cichlasoma)
Kladus. Zwei ehemalige Aequidens-Arten (K. potaroensis, K. paloeme-
uensis) werden in die Gattung Krobia tberfihrt. ‘Aequidens’ hoehnei
stellt wahrscheinlich eine einzigartige evolutiondre Linie dar, die eine
eigenstindige Gattung rechtfertigt. Molekulare Daten liegen hierfiir
jedoch nicht vor, sodass weitere Untersuchungen notwendig sind. Die
verwandtschaftlichen Beziehungen der drei Kladen (oberhalb Gat-
tungsebene) und zwischen Acaronia und Krobia konnten mit unseren
Datensitzen aus den zwei mitochondrialen (16S and cyt ») und den
zwei nuklearen (S7 and RAGI1) molekularen Markern und den 96
morphologischen Merkmalen nicht iiberzeugend geklédrt werden.
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Abstract

The Andean uplift strongly impacted the ichtyofauna distribution patterns in South America.
While the majority of neotropical cichlid biodiversity is found throughout Amazon, several
lineages colonized the trans-Andean region (i. e. the pacific slope of Andes). DNA sequences
of cytochrome b were used as a marker for the phylogeographic study of two cichlid genera,
Andinoacara and the "Heros™ festae group with the mainly trans-Andean distribution. Two
approaches, S-DIVA and DEC analyses, were used for biogeography scenario reconstruction.
The Choco region in Colombia was found as a most probable ancestral area, where both
Andinoacara and "Heros” festae group ancestors originated. The colonisation of cichlid fishes
occurred from the Choco both northward to the Central America and southward up to Peru.
We studied both genera separately and reconstructed phylogenetic patterns as well as the

suggested biogeography scenario were generally in accord.
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Introduction

Cichlid fish diversity in the trans-Andean South America

While most Neotropical cichlid species richness is centered in the cis-Andean South America,
a lower but indispensable part of the species diversity is found also in Middle America and in
the trans-Andean South America (the Pacific slope river drainages of South America) (Froese
and Pauly, 2010). Representatives of four cichlid groups (Andinoacara, the "Heros” festae
group, Caquetaia, and Geophagus) are distributed in the latter region. Only two genera are
truly characteristic of the trans-Andean (Andinoacara, the ‘Heros” festae group), while the
rest two (Caquetaia and Geophagus) are found north from the Rio San Juan drainage
(Colombia) only. The former trans-Andean genera cover the distribution from the Rio Atrato
drainage in Colombia to Peru, 1. e. from the Choco area of endemism southward to Rio
Tumbes in nortern Peru for the ‘Heros” festae group, and southward to Lima in central Peru
for Andinoacara; Stawikowski and Werner, 1998).

The genus Andinoacara belongs to the tribe Cichlasomatini and presently includes
seven valid species (Musilova et al., 2009a, b). Apart from the pacific Colombia, Peru and
Ecuador, the genus is also distributed in Lower Central America up to Costa Rica, in Cauca —
Magdalena basin in northern Colombia, in the coastal drainages on northern Venezuela and in
the Orinoco river system in Colombia, Venezuela and Trinidad. It represents one of the most
suitable cichlid genera for historical biogeography studies of the Andean uplift and changes
covering all of the region and occuring there during the geological history. There are two
sister lineages within Andinoacara, 1. e. A. pulcher group and A. rivulatus group (Musilov4 et
al. 2009). The present study includes all of the valid Andinoacara species and further two or
three lineages with uncertain taxonomic status.

The ‘Heros” festae group is a representative of the tribe Heroini, related to a subgroup
of Middle American cichlid fishes (Concheiro Perez et al., 2007; Ri¢an et al., 2008). This
assemblage is formed by three species, although the situation within “H.” atromaculatus and
the status of the nominal species “H. ~ gephyrus is unclear (Froese & Pauly, 2010). This genus
is endemic to the Choco region of trans-Andean South America in Colombia (and easternmost
Caribbean Panama), Ecuador and northernmost Peru (Rio Tumbes). Samples from the whole

distribution area of the group are included in this study.

Historical Biogeography of trans-Andean South America
South America represents a region with a high level of geological activity and large changes

have occurred not so long ago. The uplift of Andes, initiated already in the Late Cretaceous



(Lundberg et al., 1998), but most prominent in the second half of the Cenozoic, has heavily
impacted the geological and biological history of South America (Antonelli et al., 2009). It
significantly reshaped the river systems on the whole continent including Amazon and
Orinoco, as well as the uplift itself formed an important barrier for species distributions in the
region of Northern South America and between South and Middle America (Lundberg et al.,
1998). The major changes in the configuration of the major river basins occurred quite
recently, between 10 and 3 Mya (e.g., Orinoco and the trans-Andean South America were
separated from the Amazon). Additionally, the recent species distribution patterns were also
affected by concurrent periodical marine incursions (Lundberg et al., 1998; Montoya-Burgos
2003). Last but not least, the incipient formation of the Panamian land bridge in
Miocen/Pliocen boundary followed by break up and reformation of new Panamian Isthmus
around 3 Mya (Coates & Obando, 1996) played a major role in the following colonization of
Central America by freshwater fishes (Martin and Bermingham, 1998).

During last 20 Mya, the contacts between the cis-Andean and trans-Andean regions
could have been enabled first by the Western Andean portal - the connection and probable
marine incursion into the continent between the Northern and Southern Andes at the current
Ecuadorian-Peruvian border that probably persisted during up to 15 Mya, (Santos. et al.,
2009). Second, the incomplete uplift of the Northern Andes (Western, Central and Eastern
Cordilleras in Colombia and Venezuela) could also affect the recent distribution pattern as the
uplift of the Eastern Cordilleras was not completely formed until 11.8 Mya (Lundberg et al.,
1998).

The main goal of the present study

Our study is reconstructing the historical biogeography of the two cichlid genera distributed
mainly in the trans-Andean region. The ancestral area reconstruction reveals the area, where
the studied cichlids originally came from to the trans-Andean region. Further, the vicariance
and dispersal estimation reconstructs the possible scenario of colonisations and speciation

during the cichlids evolutionary history.

Material and Methods:

The material of more than 150 specimens of seven Andinoacara species and three species of
the “Heros” festae group was collected via the European and USA aquarium trade importers
after the specified task. Further, additional samples were obtained from various European

aquarium hobbyists who carry the pure lineages with the known origin localities from the



previous imports (since late 807s). Finally, sequences from GenBank were used to get more
complete data set.

The cytochrome b gene was amplified in this study using the primers FishCytB-F and
TrucCytB-R from Sevilla et al., 2007. The process of DNA isolation, amplification and
sequencing was identical to as previously described in Musilova et al, 2009. Alternatively, we
also used Macrogen service in South Korea (www.macrogen.com), where the unpurified PCR
products were sent to. All newly obtained sequences in this study were submitted to GenBank
(Accession Nos. XXX, to be completed after submission).

Chromatograms were assembled and checked by eye for potential mistakes and edited
sequences were aligned using Clustal W as implemented in BioEdit software package (Hall
1999). Further, we checked the alignment for potential stop codons by translation into the
protein sequence.

We selected the cytochrome b as a marker for this study as it is considered to provide
consistent results during phylogenetic analyses, it is an appropriate marker for molecular
clock analyses and its general mutation rate is known (van Oppen et al., 1999). Moreover,
cytochrome b has been previously used in several studies concerning neotropical cichlids
(Concheiro Perez et al., 2007, Martin and Bermingham, 1998) and we could use the published
DNA sequences for analyses in this study.

Phylogenetic analyses of mitochondrial sequence data (cytochrome b) were performed
using Bayesian Inference as implemented in MrBayes 3.0 (Huelsenbeck & Ronquist, 2001).
The best-fit model for the separate genes was selected with jModeltest (Posada, 2008) using
the Akaike information criterion. Bayesian analyses were performed using two independent
runs of four Metropolis-coupled chains (MCMC) of 5 million generations each, to estimate
the posterior probability distribution. Tree topologies were sampled every 100 generations,
and majority-rule consensus trees were estimated after discarding the first 25% generations.
Robustness of clades was assessed using Bayesian posterior probabilities.

The ultrametric trees for biogeographic analyses were obtained a) by Bayesian
evolutionary analyses by sampling trees (BEAST, Drummond & Rambaut, 2007) under the
relaxed molecular clock models. The run in BEAST was performed for 5 million generation
under the evolutionary model as suggested by jModeltest. Alternatively, b) the consensus tree
from Bayesian analyses (MrBayes 3.0, Huelsenbeck & Ronquist, 2001) was used as a

template for the Penalised-Likelihood analyses performed in R8S software (Sanderson, 2002).



As the biogeography softwares require fully resolved (bifurcated) tree, we used only
unique haplotypes to reconstruct the ultrametric trees. Haplotypes were defined in FABOX
sotware (Villesen, 2007).

We used two event-based approaches for the biogeography reconstruction. First, the
statistic dispersal — vicariance analyses (S-DIVA, Yu et al., 2010) was performed. This
improved version of DIVA (Ronquist, 2001) summarizes the sampled trees from the Bayesian
analyses runs, which serve as a source data for the statistics. S-DIVA does not take into
account the branch length, thus it works only with the final topology. We used both MrBayes
and BEAST data sets to find the ancestral areas and reconstruct the biogeographic scenario of
the genera Andinoacara and the "Heros” festae group. Last 2000 of sampled trees were used
(from 5000) and the pool of 300 random trees of them was analyzed.

Another event-based approach, Dispersal-Extinction-Cladogenesis modelling (DEC
analyses) as implemented in Lagrange software (Ree and Smith, 2008) was used for the
ancestral area reconstruction. This likelihood method works with the branch lengths, so either
the penalized likelihood (PL) topology from R8S software, or the BEAST tree can be used.
The polytomies in the PL tree were artificially resolved with zero length branches in Mesquite
2.74 software (Maddison & Maddison, 2010). The on-line configurator for Lagrange software
( http://www.reelab.net/lagrange) was used for the input file preparation.

Another difference between two aforementioned approaches is in the penalties for the
biogeography events. While DIVA (and S-DIVA) is prefering vicariance by penalizing the
dispersal and extinction, the DEC analyses makes no difference among these events.

Because of a polytomy found in the basal node of the Andinoacara pulcher group, we
performed the biogeographical reconstruction using all three alternative topologies for this
node. Another polytomies occured in several distal nodes, hence, only the representants of
each species (and region) were selected to the ,limited data set* and the Bayesian analyses
was performed with this selection under the same conditions as aforementioned. See Fig. 4,
where the clades for selection are marked. These topologies were followingly analysed by the
S-DIVA software and the ancestral area was reconstructed for all possible topologies.

We tested the alternative topologies in observed polytomies in S-DIVA approach by
changing topology to resolved one in all three possible topologies. However, only penalized
likelihood tree (from R8S) and relaxed molecular clock (from BEAST) trees were used for the
DEC analyses, because it is not possible simply change topology to alternative, when the
analysis requires the branch lengths. Additionally, the BEAST trees from the representative of
each clade (the same as for the topology tests by S-DIVA) were used. No alternative



topologies were tested by DEC analyses, however the algorithm in Lagrange take into count
the branch length, and the length for the branches in original polytomies was manually set to
zero.

Nine distribution areas were used in the genus Andinoacara and four in the "Heros”
festae group. The historical biogeographical reconstructions were perfomed under two
different scenarios: a) all-area connections are allowed (,,no limitation model*), and b) only
the adjacent areas can be connected (,,stepping-stone model*). A ,relaxed stepping-stone
model“ (i. e. areas connected by two steps were also allowed) was also applied for
Andinoacara in order of not forcing the settings so strictly (see map C in Fig. 4). In the
‘Heros” festae group only four areas were necessary, and thus only the ,,strict stepping-stone
model“ was applied (i.e. only the adjacent areas connected with one step were allowed). See
map D in Fig. 4).

The molecular-clock trees from BEAST analyses were used for the dating. Two ways
of dating were used in this study. First, the divergence rate of cytochrome b was applied,
which is generally considered to be 1% of divergence per 1 million of years (general
divergence rate for vertebrates; van Oppen et al., 1999). Second, the geologic timing was
applied as presented in the phylogeny of the whole tribe Cichlasomatini (Musilov4 et al.,
2008). Two calibration points in the genera Cichlasoma and Bujurquina were used
representing the Parand — Amazon separation calibrated to 10 Mya (Musilova et al., 2008;
Lundberg et al., 1998). The projection to the timeline was performed, i) ignoring the root in
the divergence time method, and assesing the averagre rate between two clades, and ii1) using
the two previously dated nodes (basals of northern and southern clade) from Musilova et el.,

2008 for the geology time projection.

Results

The phylogeny of the two trans-Andean cichlid genera with full taxon sampling was
reconstructed. See Fig. 1 and Fig. 6. In Andinoacara, there have been revealed two sister
lineages, the A. pulcher group and the A. rivulatus group. These groups were well defined
with strong support from posterior probabilities (Fig. 1). Within the groups some polytomies
or weakly supported nodes were observed. First, within the A. pulcher group, the polytomy
included A. sp. ,,Choco* from the Colombian pacific slope, A. coeruleopunctatus (Central
America) and the rest of the clade, i. e. A. pulcher-A. latifrons from Colombia and Venezuela.
The lineage of A. sp. ,,Choco* was found as a basal lineage of the group in the Bayesian

analyses, although with very low support. On the contrary, in the relaxed molecular clock



analysis performed in BEAST, this lineage resulted as sister to A. coerueopunctatus from
Central America. Second, in the A. rivulatus group was found the very stable pattern (see Figs.
1 and 2), although the basal position of A. biseriatus was not strongly supported (0.98 by the
posterior probability in MrBayes in the full sample data set, 0.89 of pp in the haplotype data
set, and only 0.68 in the ,Jimited data set* where all lineages are represented only by one
sample; not shown). The cytochrome b divergence in the basal node of Andinoacara is 14.1%
of uncorrected p-distance. While in the A. rivulatus group, old divergences were found

(13.3% and 12.5% of p-distance), the A. pulcher group represented clade with much lower
divergences (the deepest node is represented by 5.7%; see Fig. 2).

The phylogenetic reconstruction of the ‘Heros~ festae group found all three included
species as monophyletic with the strong support (Fig. 6). "H. ‘atromaculatus represents the
northern clade sister to the well supported southern clade of ‘H.” festae + "H.” ornatum. The
ancestral divergence was dated to 7.3% of uncorected p-distance (Fig. 3, B).

The observed ditribution patterns in both Andinoacara and the "Heros” festae group
were closely similar. In both genera, two sister clades were present, one with the distribution
in the southern and one in the northern part of the areal (see maps in Fig. 3). In Andinoacara,
the A. pulcher group represents the Northern clade of Andinoacara, distributed from the
Colombian Choco to the North, including Central America and the Orinoco river system.
Complementary, the A. rivulatus group covers the distribution from the Colombian Choco to
the Pacific slopes of Ecuador and Peru with the Chocoan A. biseriatus as a basal. In both
Northern and Southern clades, the Choco region represents a basal lineage, although in the
Northern clade weekly supported.

In the "Heros” festae group, the Northern clade is represented by ‘H. “atromaculatus
distributed from Colombian Choco up to the Eastern Panama. The Southern clade was
represented by ‘H. “ornatus and ‘H. festae distributed through the Ecuadorian pacific slope
up to northern Peru.

In the Santiago river system (Western Ecuador) a well separated and diverged lineage
was found in both Andinocara (Fig. 1) and the ‘Heros” festae group (Fig. 6), represented by
the endemic Andinoacara sapayensis and ‘Heros~ ornatus, respectively. Contrarily, in the rest
of the pacific Ecuadorian river systems, i. e. Esmeraldas, Daule, Manabi-Guayas, and the
rivers of Golfo de Guayaquil, almost no genetic structure was found in both A. rivulatus and
‘H.” festae. See map in Fig 3.

The relaxed molecular clock performed in BEAST, and the Bayesian phylogenetic

analyses from MrBayes resulted in slightly different patterns in the basal node and within the



A. pulcher group. The following biogeography analyses were thus performed on both trees
(and alternative topologies, where basal polytomy was found). The differences in pattern are
caused by the different algorithm of Bayesian analyses, while BEAST force the final tree to
be ultrametric applying molecular clock model, the branch length in MrBayes is not limited.

The biogeographic analyses were applied for the reconstruction of the ancestral areas
and of the vicariance — dispersal events. In both Andinoacara (Fig. 5) and the ‘Heros” festae
group (Fig. 7), the Colombian Choco was revealed as the region most probably included in
the ancestral area, although the situation in the Andinoacara was not so clear due to the
polytomy in the basal node of the A. pulcher group. In both cases, several vicariance and
dispersal events occured.

In the “Heros” festae group four areas for the biogeography analyses were used. It was
1) Panama (Carribean slope), 2) Choco (Colombia) including Atrato, San Juan, Baud6 and
small coastal creeks, 3) the Santiago river system (North-Western Ecuador), and 4) the rest of
the Ecuadorian pacific rivers + Northern Peru. For the basal node (ancestor) of the Heros”
festae group the ancestral area of Choco — Santiago was reconstructed (Fig.7) followed by a
vicariance between the Northern ('H.~ atromaculatus — Choco + Panama) and Southern ('H.~
ornatus, ‘H.” festae — Santiago + Ecuador + Peru) clades. In the Northern clade ('H.”
atromaculatus) the dispersal northward occured up to Panama, followed later by another
vicariance between Choco and Panama. In the southern clade, the southward dispersal up to
northern Peru was followed by a vicariance between Santiago and the rest of Ecuador +
northern Peru. Aforementioned results were found under the stepping-stone model parameters
(only adjacent areas allowed as ancestral areas). Under the no-limitation model, where all
combination of areas were allowed, a similar pattern was observed except of the basal node,
where an unresolved ancestral area was suggested (see Fig. 7, below the tree).

The situation in the biogeographic reconstruction of Andinoacara is more complicated
due to the aforementioned polytomy. As the polytomy in the basal nodes could strongly
impact the results of the biogeographical analyses, we performed the analyses on all three
possible topologies (see Fig. 5). In either case three vicariance events occurred during the
history in the southern “A. rivulatus group” clade. First, a vicariance occurred between Choco
and the southern area(s), when the Chocoan A. biseriatus separated. A second vicariance
separated A. sapayensis distributed in the Santiago river system from the rest of Ecuador and
Peru. A third vicariant event occurred between A. rivulatus and A. stalsbergi and separated the
Ecuadorian fishes from Peruvian. At least one dispersal event occurred in the southern clade.

See Fig. 5 for detail. The biogeographic reconstruction of the northern (A. pulcher) clade



differs based on the topology used for the analysis, but in all cases, four vicariance events
occured during the evolution. The possible ancestral area for the basal node of the genus
Andinoacara was suggested in all three topologies identically: four alternative combinations
with almost the same probability (very slightly differing among topologies, see Fig. 5). The
Colombian Choco was present in all of the suggested areas, and in the three of them Eastern
Panama was found. The Santiago river system resulted in the two of the ancestral
combinations. If no-limitation model was applied (i.e. all combinations of the areas were
allowed), the resolution of the basal nodes became much more inclusive: the root resulted as
completely unresolved, and the basal nodes of both A. pulcher and A. rivulatus groups
resulted with more potential areas. The rest of nodes remained independent on the model
applied for the biogeography analysis. The DIV A results are not shown as being almost
identical to the S-DIV A results.

The DEC analysis (Tab. 2) also supported the S-DIVA results, offering sometimes
even more resolved results for Andinoacara. The results of the DEC analyses were very
consistent among the different model settings — the stepping-stone models and maximum
areas allowed in the ancestral areas. Colombian Choco was found as the most probable
ancestral area for the root in three of four runs under the different models (stepping-stone vs.
no-limitation) and different data sets (haplotypes vs. limited data set; see Material and
Methods). In the ‘Heros” festae group, the different model setting did not affected the
analyses and both models produced the uniform results. See Tab. 2.

The general accord was observed comparing results of both biogeogaphic approaches,

i.e. S-DIVA and DEC analyses, applied on the genetic data of the ‘H. “ festae group.
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Figure 5: Biogeographic analyses on three alternative topologies in the basal node of
Andinoacara phylogeny. A) topology Choc6 — basal: the Chocoan clade as a basal in A.
pulcher group; this topology resulted from Bayesian analyses including all samples (see Fig.
1), B) topology Chocé — Central America: the chocoan clade and cetral-american clade
resulted as sister clades within A. pulcher group; this topology was supported by BEAST
analyses based on both all-haplotypes and selected-taxa data sets; C) topology Central
America — basal; the central-american clade as a basal in A. pulcher group; D) alternative
topology found in the inner node of A. pulcher group, as resulted by BEAST analysis; 1)
stepping-stone model of biogeography history — only areas with one or two steps allowed in
S-DIVA (see map in Fig. 4), ii) no-adjacency model — no limitation by areas excllusion in the
S-DIVA analyses; stepping stone model results mapped on the tree, nodes with different
results among the models are showed below the trees in yellow squares; symbols in trees:
circle in node — hypothetical ancestral area as suggested by S-DIV A analyses, colors
correspond to areas, more colors = area includes more regions; more circles = more
alternative ancestral areas for the node, circles of the same size = same probability of
suggested areas in the node; different size of circles = different probability of areas, larger
circle = more probable hypothesis; bar graph in node = more then four alternative ancestral
areas found for the node, bars represent % cover of areas in the proposed combinations
suggested as ancestral ranges (and weighted by probability value from

S-DIVA analyses). Black dashed arrow = dispersal event, red arrow = vicariance event. For

areas in the map see Fig.4.
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Figure 6: Bayesian phylogeny of the "Heros “ festae group based on cytochrome b.
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Discussion

The phylogeographic reconstruction of the two cichlid groups with the mostly trans-Andean
distribution in South America was performed. The Andinoacara data set covered by this study
represents the most comprehensive sampling of this genus covering all valid species (and,
additionally, represented by much more then one specimen), and also the two or three
lineages with the uncertain taxonomic status. In "Heros” festae group, the most comprehensive
sampling was analyzed as well, including all three species.

The phylogenetic reconstruction of the genus Andinoacara was highly consistent with
the previous studies. Within Andinoacara, two sister lineages were found, A. pulcher group
and A. rivulatus group corresponding to the published phylogenies (Kullander, 1998;
Musilova et al., 2008; Musilova et. al. 2009a; Musilova et al., 2009b). On the other hand, no
detailed phylogeny of ‘Heros” festae group has been previously published. Our



comprehensive study showed the monophyly of the group previously suggested in few
samples within large Heroine phylogeny (Concheiro Perez, 2007).

The Choco region in the Colombian Pacific was found as the most probable ancestral
area for the both cichlid genera involved in this study. Choco alone or in a combination with
the adjacent Santiago region in Ecuador, or with the Panama Isthmus, was suggested as the
exclusive ancestral area. The dispersion patterns of the both genera were also consistent as
they were spreading both to the North and the South. In Andinoacara, the dispersal from
Choco to the Ecuadorian rivers, via Santiago occurred around 13 Mya (dated by divergence in
cytochrome b). In "H.” festae group, the divergence between Santiago and Choco was dated
around 5 Mya. The Choco region is also considered as one of the most important centers of
species diversity and endemism in the Earth (Sarkar et al. 2009). It is the crucial hot-spot not
only for the cichlids but also for many other freshwater organisms. Therefore, the patterns of
historical dispersion could be similar on more taxa than the two studied genera.

The both studied groups colonized Central America during their evolutionary history.
Three waves of colonisation were reported based on different freshwater fishes (Martin &
Bermingham, 1998). The youngest colonisation occurred recently, in Pleistocene, the second
one corresponds with the Panama Isthmus rise, 3 Mya, while the oldest colonisation (Late
Miocene) predates it. The Heros~ festae group represents the basal lineage of herichthyines,
the heroine group, which colonized Central America between 16-20 Mya (Concheiro Perez,
2007). This is even much older colonisation than the oldest wave suggested by Martin and
Bermingham, 1998). However, divergence between Panama and Choco within the H.~
atromaculatus populations is much lower (about 2% of p-distance) and shows a more recent
independent colonization of the Panama Isthmus by the H. " festae group. It corresponds with
the Pleistocene migration wave reported by Martin and Bermingham, 1998. Cichlasomatines
colonized Central America later than Heroines. It was previously dated around 10 Mya
(Musilové, et al., 2008). Although the final rise of Panama Isthmus 3 Mya enables massive
colonisation (second wave in Martin and Bermingham, 1998), there are the faunistical
evidences, that several connection existed before and the possible colonisation events
occurred between the second and first colonisation waves (Martin & Bermingham, 1998).
This could be the case of Andinoacara which colonised the Central America 4,7 Mya, or 6-8
Mya in the geological dating.

The cichlid genus Andinoacara represents one of the most suitable models for the
biogeographical study of the definitive revealing of the Andean uplift role in history of

biodiversity. Its sister clade, genera Bujurquina and Tahuantinsuyoa (Musilova et al., 2009),



is distributed in the cis-Andean region generally in the western half of the South American
continent (Kullander, 1986; Stawikowski & Werner, 1998). Although distributed in lowlands,
they can be found mainly along the Andes ridge (Western Amazon in Peru and Ecuador,
upper Madeira basin in Bolivia, and westernmost tributaries of Orinoco in Colombia).
According the phylogeny, the Andean uplift should create an important distribution barrier for
the ancestors of the whole Andinoacara-Buurquina-Tahuantinsuyoa group. Hypothetically,
the ancient colonisation of the trans-Andean region could occur followed by the speciation of
both genera each on the opposite slope of the Andes. In this study, the ancestor of all
Andinoacaras was dated to be older than 20 My old (Fig. 2), and the common ancestor of the
two sister vicariant clades of Bujurquina and Andinoacara was previously dated to 25 - 30
Mya (Musilové et al, 2008). In that time the hypothetic connection between the cis- and trans-
Andean region existed, presented by Western Andean portal. It represented the marine
incursion from the West through the Central / Northern Andes low altitude boundary
(Antonelli et al., 2009; Santos et al., 2009). The ancestor of Andinoacara and Bujurquina
predates the closing of the Western Andean Portal (it persisted till 13-11 Mya; Antonelli et al,
2009) and the potential colonisation by this way would be thus possible. However, the
biogeographic reconstruction showed the opposite direction of the historical dispersion from
Choco to the south by both Andinoacara and the ‘Heros” festae group. It means that the
Western Andean portal would not be the colonisation route to the trans-Andean region for the
fresh water fishes for a relatively long time before its closing.

Our study revealed the colonisation both to the north and the south of the two cichlid
genera from the Choco region, one of the diversity hot-spots. We also showed that the
Western Andean Portal would not be used as migration corridor between the trans- and cis-
regions for a relatively long time before its closing. As it could be the historical endemic
centre of some fresh water fauna, the colonisation patterns could be more common through
different taxa. We also better specified the patterns of the Central American colonisation by

frashwater fishes.
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>  Abstract

Andinoacara stalsbergi sp. n. is described from the drainages of trans-andean rivers and lakes at the Peruvian Pacific
coast where this species occurs between Rio Chira (Depto. Piura) in the north and Rio Pisco (Depto. Ica) in the south. It
is distinguished from its sister species A. rivulatus by the possession of a conspicuous white margin of both the dorsal and
caudal fin and scales with light centres and contrasting dark marginal lines forming a fine reticulate pattern on the body sides.
Studies based on molecular data confirm the status of Andinoacara stalsbergi sp.n. and reveal its phylogenetic relationships
to its congeners. The reconstruction of the phylogeny within the genus Andinoacara results in the existence of two clades:
one with A. stalsbergi sp. n., A. rivulatus, A. sapayensis and A. biseriatus and another with the remaining species.

>  Kurzfassung

Andinoacara stalsbergi sp. n. wird aus den Einzugsgebieten von Fliissen und Seen an der peruanischen Pazifikkiiste
beschrieben. Dort ist die Art zwischen dem Rio Chira (Depto. Piura) im Norden und dem Rio Pisco (Depto. Ica) im
Stiden verbreitet. Von der Schwesterart A. rivulatus unterscheidet sie sich durch einen auffilligen weilen Saum entlang
der Riicken- und der Schwanzflosse und dunkel gerénderte Schuppen mit hellem Zentrum, die auf den Korperseiten ein
Netzmuster bilden. Die Analyse molekularer Daten bestitigt den Status von Andinoacara stalsbergi sp. n. und zeigt die
phylogenetischen Beziehungen zu den iibrigen Gattungsmitgliedern. Die Rekonstruktion der Stammesgeschichte in der
Gattung Andinoacara hat die Existenz von zwei Verwandtschaftslinien zum Ergebnis: eine mit den Arten A. stalsbergi sp.
n., A. rivulatus, A. sapayensis und A. biseriatus sowie eine zweite mit den librigen Arten.

>  Key words
Systematic, ichthyology, ecology, reproductive behaviour, Cichlidae, Cichlasomatini, new species, Peru, Andinoacara,
Aequidens, blue acara.

Introduction

The South American cichlid genus Andinoacara Mu-
SILOVA, Rican & Novik, 2009 belonging to the tribe
Cichlasomatini is one of the genera which were re-
cently described as the result of analyses of morpho-
logical and molecular data and ensuing nomenclatural
revisions. This genus involves six species previously
placed in the genus Aequidens EIGENMANN & Bray,
1894, viz. Cichlosoma biseriatum REGAN, 1913, Acara

coeruleopunctata KNer, 1863, Acara latifrons STEIN-
DACHNER, 1878, Cychlasoma pulchrum Giir, 1858,
Chromis rivulata GUNTHER, 1860 and Acara sapayen-
sis REGaN, 1903.

KuLLANDER (1983) demonstrated that Aequidens
was an unnatural catch-all group. He listed the six
species mentioned above among the Aequidens spe-
cies which ought to have been placed into a separate
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Tab. 1. Primers used for molecular analyses in this study.

F R citation
12S rRNA AAAAAGCTTCAAACTGGGATT TGACTGCAGAGGGTGACGGGC KocHEr et al. (1989)
AGATACCCCACTAT GGTGTGT

16S rRNA CCGGTCTGAACTCAGATCACG CTGTTTAACAAAAACAT MarEescaLcHI (2005)

cytochrome b | ACCACCGTTGTTATTCAACTACAAGAA |CCGACTTCCGGATTACAAGACCG SEviLLA et al. (2007)

ND 4 TGGAGCTTCTACGTGRGCTTT CAAAACCTTAATCTYCTACAATGCT AREVALO ef al. 1994,
BieLawsKY et al. (2002)

RAG1 CTGAGCTGCAGTCAGTACCATAAGATGT |CTGAGTCCTTGTGAGCTTCCATRAAYTT | GRANDE ef al. (2004)

rhodopsin GCAAGCCCATCAGCAACTTCCG TGCTTGTTCATGCAGATGTAGA CHEN et al. (2003)

Tmo-4C4 CGGCCTTCCTAAAACCTCTCATTAAG GTGCTCCTGGGTGACAAAGTCTACAG Farias et al. (1999)

S7 intron 1 TGGCCTCTTCCTTGGCCGTC AACTCGTCTGGCTTTTCGCC CHow & Hazama
(1998)

genus and introduced the term ‘Aequidens’ pulcher
group for them because of lack of an alternative ge-
neric allocation. In addition, he later (KULLANDER
1991) used the term ‘Aequidens’ rivulatus group for
‘Aequidens’ rivulatus and undescribed forms (cf. Sta-
WIKOWSKI & WERNER 1998) closely related to this
species, and eventually showed that the ‘Aequidens’
pulcher-rivulatus group could have a generic status
(KULLANDER 1998). MusiLoVA et al. (2008) confirmed
that the ‘Aequidens’ pulcher-rivulatus group repre-
sents a well supported yet unnamed genus. In their
study of the phylogenetic relationships among cich-
lasomatine cichlids MusiLovaA et al. (2009) tentatively
listed ‘Aequidens’ sp. “Silbersaum” as an undescribed
species among the members of the ‘Aequidens’ pulch-
er-rivulatus group, for which they established the new
genus Andinoacara.

The species provisionally referred to as ‘Aequi-
dens’ sp. “Silbersaum” in Europe or as “Green Terror”
in the USA has been known both in the aquarium trade
and the popular literature for about forty years (LULING
1972; StaECK & LINKE 1985). In the older ichthyologi-
cal and aquaristic literature it was treated as a form of
A. rivulatus (e. g. REGAN 1905, EVERMAN & RADCLIFFE
1917, EIGENMANN 1922, LULING 1972, WERNER 1983).
The formal description of this cichlid is one subject of
this paper. In addition the phylogeny within the genus
Andinoacara is discussed on the basis of a set of mo-
lecular data. This is the first molecular phylogenetic
analysis including all valid nominal species of Andi-
noacara.

Material and Methods

Type specimens were fixed in formalin and later trans-
ferred into 75% ethanol. The holotype and paratypes
are deposited in the fish collection of the Senckenberg

Naturhistorische Sammlungen Dresden, Museum fiir
Tierkunde, (MTD F).

The techniques for taking measurements and mer-
istic data follow those described in KULLANDER (1986)
and KUuLLANDER & N1SSEN (1989). Measurements were
made with an electronic digital caliper reading to the
nearest 0.1 mm. Figures in brackets after counts in-
dicate the number of specimens examined with that
condition. Terminology and methods of measurements
of jaws and teeth follow CasclioTTa & ARRATIA (1993).
Scale rows are numbered as described by KULLANDER
(1990). Nomenclature of colour patterns follows KuL-
LANDER (1983, 1991). Vertical bars are numbered from
the caudal fin to the snout as described by KULLANDER
& SILFVERGRIP (1991). According to this approach the
caudal spot is counted as bar 1 (homolog to bar 1p in
Ri¢AN et al. 2005). The description follows the general
format used by KUuLLANDER (1991).

In the phylogenetic analysis 11 species or forms
of Andinoacara were studied. We analyzed specimens
of seven nominal species, viz. Andinoacara biseria-
tus, A. coeruleopunctatus, A. latifrons, A. pulcher,
A. rivulatus, A. sapayensis, A. stalsbergi and four ap-
parently undescribed forms. All specimens used in the
molecular analyses were obtained from direct imports
to specialized aquarium trade companies in Europe.
We studied 2—4 specimens of each species or form,
except for A. coeruleopunctatus and A. sapayensis, as
only one individual of these species was available.

In the molecular study eight genetic markers were
sequenced, and a data set with the total length of 5627
bp was obtained. Both mitochondrial (16S rRNA,
12S rRNA, cytochrome b, ND 4) and nuclear coding
(RAGT1, rhodopsin, Tmo-4C4) and non-coding (intron
1 in S7 gene) markers were used. We analyzed a data
set of eight genes with the exception of A. sapayensis
because sequences of only two genes of this species
were available. The set of primers is listed in Tab. 1.

PCR condition consisted of an initial denaturation
step at 94 °C followed by the extension of DNA at
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72°C. The annealing temperature of the genes dif-
fered: 48 °C for 12S rRNA and 55 °C for rhodopsin,
ND 4 and Tmo-4C4. Sequences of the four genes 16S
rRNA, cytochrome b, S7 intron 1 and RAG1 were
used from previous phylogenetic studies of the tribe
Cichlasomatini (MUSILOVA et al. 2008, MUSILOVA et al.
2009). In case of A. sapayensis we followed condi-
tions for PCR described in the previous studies. Se-
quences of genes newly obtained for this study (12S
rRNA, ND 4, rhodopsin, Tmo-4C4) and sequences of
A. sapayensis (16S TRNA and cytochrome b) are avail-
able in GenBank.

The substitution model for phylogenetic analysis
was suggested by using jModeltest software (Posapa,
2008) with Bayesian information criterion (BIC). Phy-
logenetic analyses of the nuclear and mitochondrial
sequence data were performed using Bayesian meth-
ods (MrBayes software, HUELSENBECK & RoNQuisT
2001) with two parallel runs of 20 million generations,
each run with 4 chains. Independent model parameters
were estimated for each gene partition during Baye-
sian analysis. Topologies were sampled every 1000
generations and the final results are based on 75% of
the obtained trees (15000 trees).

Abbreviations

BIC Bayesian information criterion; method
used in molecular analyses for choosing
an apropriate model of molecular evo-

lution

E1l Row of scales in the horizontal series
directly above the longitudinal row
including the lower lateral line

MTD F Senckenberg Naturhistorische Samm-
lungen Dresden, Museum fiir Tierkunde,
Fischsammlung

ND 4 NADH dehydrogenase subunit 4, mito-
chondrial gene for enzyme from respira-
tory complexes

PCR Polymerase chain reaction, method used
for amplification of selected gene mark-
ers

RAG1 Recombination activating gene, subunit 1,
nuclear genetic marker

SL Standard length

TL Total length

12SrRNA  Mitochondrial genetic marker coding
ribosomal RNA (part of mitochondrial
ribosomes).

16S rRNA  Mitochondrial genetic marker coding

ribosomal RNA (part of mitochondrial
ribosomes)

Andinoacara stalsbergi sp. n.

Figs. 1-5, Tables 2-3

Holotype. MTD F 31782, adult female, 103.0 mm SL, Peru,
Depto. Ica, Rio Pisco, 13°43°26” S, 75° 58’ 59” W; leg. A.
Stalsberg, 2008.

Paratypes. MDT F 31783-31794, 12 ex., 25.3-68.0 mm SL,
Peru, Depto. Lambayeque, vicinity of Chiclayo; licensed
and confirmed import for aquarium trade, don. Musilova.
MDT F 31795-31797, 3 ex., 98.9-113.0 mm SL, Peru,
Depto. Piura, few km north of Piura, Laguna Napique, 5°
30’ 277 S, 80° 42° 40” W; leg. A. Stalsberg, 2008. MTD F
31798-31801,4 ex., 89.6-108.2 mm SL, data like holotype.
Not catalogued, 1 ex., 73.3 mm SL, alizarin red stained and
dissected, data like holotype.

Diagnosis. A species of the Andinoacara rivulatus
group. It is most similar to A. rivulatus with which
it shares the comparatively large size (TL > 200 mm
in males), the colour pattern of the cheeks and a light
vertical stripe anterior and posterior to the rectangular
midlateral spot. It is readily distinguished from this
species by specific colour characteristics, viz. having
(1) a conspicuous white margin in both the dorsal and
caudal fin and (2) on the body sides scales with light
centres and contrasting dark marginal lines forming a
fine reticulate pattern.

Description. Refer to Figs. 14 for general appearance
and colour pattern. Morphometric data of eight speci-
mens (89.6—-113.0 mm SL) are summarised in Tab.
2. Counts from 12 specimens (65.8—113.0 mm SL),
osteological characters from a dissected specimen
(73.3 mm SL).

Body moderately deep (body depth 42-49% of
SL) and laterally compressed. Snout round, moder-
ately long. Jaws isognathus. Lips moderately thick.
Interorbital area convex. Anterior dorsal head profile
straight, on nape curved; ventral contours less arched.
Pre-pelvic and abdominal contour straight or slightly
concave. Dorsal-fin base almost straight. Caudal pe-
duncle with straight dorsal and ventral edge. In frontal
aspect outline of body elliptic with rounded nape and
chest.

Uniserial predorsal scale pattern. Cheek scales in
3 series. Dorsal, anal, pelvic and pectoral fins naked.
Caudal-fin base densely scaled. Scales in E1 row 24(2)
or 25(10). Scales on upper lateral line 15(1), 16(2) or
17(9), on lower lateral line 8(1), 9(4) or 10(7), includ-
ing 1 or 2 on caudal fin base.

Soft portion of anal and dorsal fin pointed, but
not produced, reaching anterior caudal fin in adult
specimens. Caudal fin round or slightly subtruncate;
caudal fin length about '/, to almost '/, of SL. Pelvic
fins rounded, extending to anus. Pectoral fin rounded,
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Fig. 1. Andinoacara stalsbergi sp. n., holotype, female 103 mm SL, MTD F 31782.

Fig. 2. Adult female of Andinoacara stalsbergi sp.n., from the vicinity of Chiclayo (Depto. Lambayeque), TL 116 mm. Live speci-

men photographed in aquarium.

with 13-14 rays. Dorsal fin XII.12(1), XIII.13(1),
XIV.11(3) or XIV.12(7). Anal fin II1.8(8), II1.9(3) or
HI1.10(1).

On first gill arch 2 or 3 small gill rakers on epi-
branchial, 1 in the angle and 9-10 (n=5) externally on
ceratobranchial. Fourth ceratobranchial with 5 tooth
plates and 3 to 7 teeth on each plate. Lower pharyngeal
tooth plate (Fig. 5) robust, moderately long (width of
bone 83-85% of its length; n=2), with well-ordered

teeth; length of dentigerous area 85% of its width;
14-17 teeth in posterior row (n=2), 6-9 teeth in medi-
an row (n=2); teeth obviously lost were also counted.
Oral jaw teeth conical with recurved tips. In upper jaw
hemiseries 15-22 outer row teeth and in lower jaw he-
miseries 17-23. Length of dentigerous arm of premax-
illa shorter than length of ascending arm (premaxillary
ascending arm length/dentigerous arm length = 1.6);
width of the ascending arm about 15% of its length.
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Fig. 4. Adult male of Andinoacara stalsbergi sp. n. showing neutral colour pattern in aquarium.

Lower jaw comparatively high (anguloarticular depth
about 72% of length, coulter area depth about 43% of
anguloarticular length). Coulter area deeper than its
length (coulter area depth/coulter area width = 1.3).
Dorsal margin of hyoid more or less straight, without
a deep notch.

Colouration in life. Based on observations on speci-
mens kept in aquarium and photos taken immediate-

ly after capture. Forehead, nape and pre-dorsal part
of dorsum uniformly greyish or light brown. On the
body sides each scale with iridescent or metallic green
centre and contrasting dark brown marginal line. The
dark scale margins form a fine reticulate pattern which
is particularly prominent in adult specimens. Cheeks
with two to four narrow oblique opalescent green lines
and several small buccal dots of the same colour. Dark
cheek spot in the corner of the preopercle usually vis-
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Tab. 2. Body proportions of Andinoacara stalsbergi. Measurements of holotype (MTD F 31782 ) and seven paratypes (MTD F
31795-31797, MTD F 31798-31801) in percent of SL (except SL in mm); min = lowest value, max = highest value, mean = arith-

metric mean, sd = standard deviation.

min max mean sd
Standard length 89.6 113.0 100.8 8.2
Body depth 42.0 489 448 2.60
Head length 323 36.0 34.6 1.27
Eye diameter 6.7 8.2 7.6 0.47
Interorbital width 12.0 14.1 13.0 0.80
Preorbital depth 8.6 11.1 10.0 0.70
Predorsal length 414 47.7 440 2.30
Prepelvic length 40.7 453 419 1.72
Preanal length 65.3 73.2 69.8 2.25
Dorsal-fin base length 529 60.4 56.3 2.54
Anal-fin base length 20.1 239 21.5 1.47
Pectoral-fin length 26.8 304 28.5 1.35
Peduncle depth 15.3 179 16.6 0.78
Peduncle length 14.0 15.5 14.9 0.80

ible only during brood care. Lips, lower region of pre-
opercle and gill cover iridescent green. Iris golden.

No horizontal lateral band. Midlateral spot black,
squarish or rectangular, extending dorso-ventrally
from 3/4 of El scales 8-10, 9—11 or 9-12 to all of these
scales in E2 and E3 row above. Anterior and poste-
rior to midlateral spot with contrasting narrow vertical
white stripe which fades in dorsal and ventral region.
Sometimes with three ill-defined wide dark vertical
bars and narrow light interspaces behind the midlat-
eral spot. Usually no caudal spot (if visible: small, ver-
tically extended, positioned on level of lower lateral
line).

Dorsal fin grey, with narrow dark submarginal
band and white lappets forming a conspicuous white
margin; soft part with iridescent streaks on the mem-
branes. Anal fin grey with blackish margin and small
iridescent green dots and short lines. Caudal fin grey,
with darker distal region, a conspicuous white poste-
rior margin and a pattern of tiny greenish dots. Pelvic
fins grey, darker along anterior margin, with green
first interradial membrane and greenish dots or short
streaks inwardly. Pectoral fins hyaline and colourless.
After spawning and during parental care both sexes
develop a very dark, almost blackish colouration with
two contrasting white vertical stripes anterior and pos-
terior to midlateral spot.

Colouration in alcohol. Based on holotype with notes
on paratype specimens. Body sides grey, darker on
nape and back. Scales on sides with narrow black mar-
gin. Snout and cheeks grey. Lips dark grey. Gill cover,
preopercle and branchiostegal region dark grey. Two
or three dark preorbital stripes and several irregular
short streaks or dots. Supraorbital markings indistinct

and faint. Suborbital stripe reduced to a short dark
marking (often masked by dark head sides) in the cor-
ner of the preopercle.

No continious lateral band. Bar 1 (caudal spot)
narrow, prominent and blackish, in the centre of the
caudal-fin base, not reaching ventral or dorsal edges
of it; bar 2 on caudal peduncle; bar 3 on anterior part
of caudal peduncle between posterior rays of dorsal fin
and anal fin, in smaller specimens (< 70 mm SL) often
split into two parallel vertical bars; bar 4 and 5 fused
in adult specimens, but separate in smaller ones; bar 6
darker than the other bars, straight, not vertically split,
on both sides with contrasting narrow light margin;
bar 7 and 8 indistinct, usually fused. Midlateral spot
black, on upper half of bar 6.

Dorsal fin dark grey with light marginal band and
light grey streaks in its soft part. Anal fin grey with
darker marginal band and light grey streaks in poste-
rior portion. Caudal fin grey, with- light grey streaks in
posterior portion and contrasting light distal margin.
Pelvic fins dark grey. Pectoral fins hyaline.

Sexual dimorphism. There are no obvious external
sex differences in fin length or intensity of colour pat-
tern. However, observations under aquarium condi-
tions revealed that there is a distinct size difference
between males and females and that in addition domi-
nant males develop a prominent nuchal hump.

Geographical distribution. Andinoacara stalsbergi
is distributed in trans-andean rivers and lakes at the
Peruvian Pacific coast. The distribution of this species
in the Pacific slope of western Peru between Rio Chira
(Depto. Piura) in the north and the Rio Pisco (Depto.
Ica) in the south is well documented (cf. STAWIKOWSKI
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Fig 5. Lower pharyngeal tooth plate of A. stalsbergi sp. n.
(73.3 mm SL).

& WERNER, 1998). Collecting sites confirmed by
STALSBERG (personal communication) were (from the
south to the north) Rio Pisco, Rio Cafiete (Lunahua-
na: 13°01°57”’S, 76°12°02” W), Rio Mala, Rio Lurin,
Laguna Napique (05°30°27” S, 80°42°40” W), Lago
San Ramon, Rio Piura, Quebrada Carneros, Quebrada
Onda, Rio Pidregal and Quebrada Samana (tributary to
Rio Chira). Additional collecting sites are the Laguna
de Végueta (LULING 1973) and Pacasmayo (EVERMAN
& RapcLirre 1917). In the vicinity of Tumbes (Depto.
Tumbes) in the extreme north of Peru (Rio Tumbes
and Rio Zarumilla) and in the adjacent Pacific slope of
Ecuador this species is replaced by another species of
the A. rivulatus group, which is also known in popular
aquarium literature as “Aequidens” sp. “Goldsaum”
and treated as A. rivulatus by STAWIKOWSKI & WERNER
(1998) and KurLLANDER (2003).

Ecological notes. LULING (1973) published a detailed
description of the Laguna de Vegueta (approx. 11° 00°
S, 77° 08° W), a collecting site of Andinoacara stal-
sbergi. The banks of this brackish lake situated close
to the shoreline of the Pacific were partly covered with
aquatic and submerged terrestrial vegetation (Hydro-
cotyle bonariensis and Bacopa monnieri). The associ-
ated fish fauna included Bryconamericus peruvianus,
Lebiasina bimaculata (Characidae), Poecilia reticulata
(Poeciliidae) Dorminator latifrons (Eleotridae). Water
data collected in November 1970: pH 7.7; electrical
conductivity 4280 uS/cm; total and temporary hard-
ness 6.7 °dH. LoLING (1973) advanced the hypothesis

that the Characidae and Poeciliidae are an important
source of food for the cichlids.

STALSBERG, who repeatedly caught this cichlid be-
tween 1994 and 2008 in different years at many lo-
calities, collected additional ecological data at several
collecting sites (from the south to north): (1) Depto.
Ica: Rio Pisco near Independencia (13°43°25” S,
75°58°59” W). At the collecting site the rather clear
river was approx. 10 m wide. Its bottom was covered
with sand and rocks. There was no submerged vegeta-
tion. Water data: water temperature 25.5 °C, pH 8.3,
total hardness > 40 °dH, temporary hardness 7 dH.
(2) Depto. Piura: Laguna Napique about 60 km south
of Piura (05°30°27” S, 80°42°40” W). Water data col-
lected in August: water and air temperature 26 °C, pH
9.2, total hardness >30 °dH, temporary hardness 4
°dH. The water of the Lake was turbid and its bottom
sandy. (3) Depto. Piura: Laguna San Ramén about 40
km south of Piura. Water data: water temperature 28.2
°C, pH 9.0, total hardness 26 °dH, temporary hard-
ness 5 °dH, electrical conductivity 1700 xS/cm. The
associated fish fauna included Tilapia sp. (Cichlidae)
and Bryconamericus peruanus (Characidae). (4) Dep-
to. Piura: Quebrada Saman, tributary to Rio Chira at
Pueblo Mallares. Water data: water temperature 22.5
°C, air temperature 27 °C, pH 8.2, total hardness 31
°dH, temporary hardness 15 °dH, electrical conduc-
tivity 1850 uS/cm. (5) Depto. Piura: Rio Pidregal in
the northwest of Sullana. Water data collected in Au-
gust: water temperature 24 °C, air temperature 28 °C,
pH 8.3, total hardness 15 °dH, temporary hardness
13 °dH, electrical conductivity 270 uS/cm.

The available ecological data reveal that Andi-
noacara stalsbergi is well adapted to very alkaline and
hard water rich in dissolved minerals and even toler-
ates brackish water (LULING 1973).

Reproductive behaviour. Observations under aquar-
ium conditions showed that Andinoacara stalsbergi
is a monogamous substratum spawner and that both
sexes share in all the duties of brood care. The female,
however, is usually the more active partner as long as
the pair cares for eggs or larvae, while the male de-
fends the spawning territory against intruders. Like
most other open brooders these cichlids deposit their
eggs on a horizontal surface. At 27 °C hatching oc-
curs about two days postspawning, and the fry attempt
swimming seven days thereafter. The male and female
fish practice long-term biparental defense of their mo-
bile fry. A detailed description of the reproductive be-
haviour was published by WERNER (1983).

Etymology. Named in honour of ALF STALSBERG (Tjo-
dalyng, Norway), the collector of the holotype, in rec-
ognition of his longstanding commitment to increase
the knowledge about cichlid fishes.
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Fig. 6. Adult male of Andinocara rivulatus from Rio Tumbes photographed in aquarium.

Discussion

Andinoacara stalsbergi is most closely related to A. ri-
vulatus (Fig. 6), its sister species. Both differ from
other species of Andinoacara by the lack of conspicu-
ous dark nape markings (versus distinct dark supraor-
bital marks in species of both the A. pulcher group and
of the related genera Bujurquina and Tahuantinsuyoa;
cf. KuLLANDER 1986, 1991), larger size (adult males
> 150 mm TL versus < 150 mm TL in the previously
mentioned taxa; cf. EIGENMANN 1922) and a trend to-
wards more gill rakers (usually 9 or 10 rakers on cera-
tobrachial of outer gill arch versus usually < 9 in the
remaining species of Andinoacara; cf. REcan 1905,
1913, EIGENMANN 1922).

Although A. stalsbergi is very similar to A. rivula-
tus in morphometric and meristic data, general appear-
ance and colouration of its head, these two allopatric
species can readily be distinguished for distinctive
specific colour patterns: Andinoacara stalsbergi has
light scale centres and dark scale edges forming a re-
ticulate pattern on the flanks (versus light scale edges
and dark scale centres forming a pattern of horizontal
lines in A. rivulatus) and a prominent white margin of
the dorsal and caudal fin (versus a broad orange mar-
gin in A. rivulatus). The genetic differences between
A. stalsbergi and its congeners (Tab. 3) provide ad-
ditional arguments for its taxonomical separateness
according to the evolutionary species concept (WILEY
1978).

Andinoacara biseriatus listed as a member of the
pulcher group by KuLLANDER (1998) and included in

the rivulatus group by STawikowski & WERNER (1998)
clustered as the basal sister taxon of the rivulatus-
stalsbergi clade (Fig. 7). This species differs from
A. stalsbergi by the possession of dark rimmed scales
on its nape (versus scales without dark posterior rim),
a dark dot in the centre of each scale on body and oper-
cle (versus dark edges, but no dark dots in A. stalsber-
gi), a caudal fin with a narrow reddish margin (versus
caudal fin with broad whitish margin), a lateral spot
positioned more dorsally than in A.stalsbergi, an ad-
ditional spot (more prominent in females) in the dorsal
fin above the bar with lateral spot (versus no such spot
in A. stalsbergi) and, according to REGAN (1913), fre-
quently 2 rows of scales on its cheek (versus 3 rows of
scales in A. stalsbergi).

In the result of the phylogenetic analysis Andi-
noacara sapayensis clustered as a sister taxon of the
rivulatus-stalsbergi clade. Adult specimens of Andi-
noacara stalsbergi differ significantly from A. sapay-
ensis by the possession of only 3 bars between midlat-
eral spot and caudal spot (versus four bars; compare
Fig. 1-3 with Plate 31, Fig. 1 in EiIGENMANN 1922), by
the number of gill rakers on first outer gill arch (8—10
in A. stalsbergi versus <8 in A. sapayensis; cf. REGAN
1905, EiGENMANN 1922) and the lack of distinct dark
supraorbital marks (versus possession of prominent
supraorbital marks in A. sapayensis).

The molecular studies confirm the status of Andi-
noacara stalsbergi and reveal its phylogenetic rela-
tionships to its congeners (Fig. 7). The reconstruc-
tion of the phylogeny within the genus Andinoacara
results in the existence of two clades. One consists of
three valid species (i. e. A. latifrons, the type species
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Tab. 3. Uncorrected p-distance between Andinoacara stalsbergi sp. n. and the two closely related species A. rivulatus (sister spe-
cies) and A. biseriatus (1st & 2nd column). Average distance between nominal species of Andinoacara, including A. stalsbergi

sp. n. in 3rd column.

A. stalsbergi vs. A. stalsbergi vs. .
. .o average Andinoacara
A. rivulatus A. biseriatus
total (8 genes) 1.6% 5% 4.5%
12S rRNA 0.8% 2.6% 1.6%
16S rRNA 0.8% 2.7% 2%
cytochrome b 3.9% 14.1% 11.4%
NADH 4 4.3% 12.8% 13%
RAG 1 0.3% 0.3% 0.7%
rhodopsin 0% 0.7% 0.7%
Tmo-4C4 0.2% 1% 1.5%
S7 intron 1 1.6% 1.4% 2.5%
/;’ Tahuantinsuyoa macantzatza
Andinoacara coeruleopunctatus
Andinoacara cf. pulcher “Venezuela”
—_— 1
—— Andinoacara pulcher
1
Andinoacara cf. pulcher *Rio Chirgua”
l UL Andinoacara sp. “Orinoco™
Andinoacara sp. “Maracaibo”
I'L Andinoacara latifrons
Andinoacara biseriatus
| Andinoacara sapayensis
0.98 Andinoacara rivulatus

0.01

1 Andinoacara stalsbergi €—

Fig. 7. Phylogenetic relationships within the genus Andinoacara based on a data set of eight genes (16S rRNA, 12S rRNA, cyto-
chrome b, ND 4, S7 intron 1, RAG1, Rhodopsin, Tmo-4C4). Analysis was performed by using MrBayes software with two parallel
runs of 20 million generations and sampling every 1000 trees. The model parameters suggested by jModeltest were applied. The
phylogenetic position of Andinoacara stalsbergi sp. n. is marked by the indicator.

of Andinoacara, A. coeruleopunctatus and A. pulcher)
and several possibly undescribed forms: Andinoacara
sp. ,,Rio Chirgua® and A. sp. ,,Orinoco® representing
separate lineages of fishes living in Venezuela and dif-
fering from A. pulcher and A. latifrons in their col-
ouration. This group of ,,blue acaras” was referred
to as ,,Aequidens® sp. ,,Orinoco® in STAWIKOWSKI &
WERNER (1998). But despite considerable differences,
further morphological studies are required to confirm
their status as new species. Andinoacara sp. “Maraca-
ibo” (STawikowsKi & WERNER 1998) is endemic to the
drainages of Lago de Maracaibo in western Venezuela
and represents another undescribed form with limited

distribution. However, in the results of our analyses
we found only minor genetic difference between this
form and A. latifrons living in eastern Colombia. Mor-
phological comparisons of both are still missing be-
cause of the lack of material.

The specimens of A. pulcher used in our analyses
were collected in Trinidad. They are genetically iden-
tical with A. pulcher obtained from Czech and Ger-
man aquarium trade. Eventually A. sp. “Venezuela”
appears to represent another form of ,blue acara“
with uncertain taxonomic position, for conclusive ev-
idence is missing as only few specimens were avail-
able.
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The second clade of Andinoacara is formed by A.
biseriatus, A. sapayensis, A. rivulatus and A. stalsber-
gi. The two latter species clustered in our analyses as
sister species, but are well distinguishable from each
other on the basis of molecular data.

The two clades defined above correspond to the
‘Aequidens’ pulcher group and the ‘Aequidens’ rivu-
latus group respectively, previously distinguished by
KuLLANDER (1998). The only exception is A. biseriatus
as it was considered by KUuLLANDER (1998) as a species
of the ‘A.” pulcher group, but, by contrast, clustered as
a basal species in the second clade, (i.e. with A. sapay-
ensis, A. rivulatus and A. stalsbergi) in the results of
our study of molecular phylogeny.

The genetic distance among particular species of
Andinoacara (Tab. 3) varies in the different loci used
in the molecular analysis. The average distance be-
tween the valid nominal species of Andinoacara was
found in the range between 0.7% and 13% of uncor-
rected p-distance. The distance between A. stalsbergi
and its sister species A. rivulatus varies up to 4.3% in
different genes (Tab. 3).
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Abstract:

Present study brings the first molecular work on cichlids from the headwaters region of the
central Angola. The evidence of faunal exchance among upper Cuanza and upper Okavango
was found by reconstruction of phylogeography of the cichlid genus Serranochromis. The
similar result was further shown by another cichlid genus Tilapia and also by catfish genus
Clarias from the Bie plateau. DNA sequences of CO1, NADH2, D-loop and S7 intron were
used for the phylogeographic reconstruction. Genetic data of the Angolan serranochromine
cichlids were joined to the available DNA sequences from the previous African cichlid studies
and this significantly enlarged the cichlid sampling area in Africa. This study should be
considered as a first step in a biodiversity survey in the poorly investigated region and, any
therefore, any strongly supported conclusion can be hardly formulated about the distribution

patterns observed here.
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Introduction:

The most important factors for the distribution of freshwater organisms are natural barriers
such as oceans or mountain ranges that divide the individual river basins and also waterfalls
that prevent the exchange of species between the upper and lower sections of the rivers (Balon,
1974; Balon & Stewart, 1983; Berra, 2001). These biogeographic barriers can be considered
as the dominant factor in determining the composition of the regional ichthyofauna (Avise,
2000). Further, the geological events change the appearance of the river systems and have
strong impact to the recent distribution patterns of the freshwater ichthyofauna. Many river
systems, although recently separated, share significant portion of fauna due to their
connection in past (Lévéque, 1997). Earth movements in the post-Miocene have caused
greater separation of river basins throughout Africa (Haddon & McCarthy, 2005; Stankiewicz
& de Wit, 2006) and promoted the speciation process. Because of these tectonic activities
during the past 20 million years, African rivers are generally characterised by much more
rapids and waterfalls than other rivers in the world. As a result, there are no bigger rivers with
unimpeded access to the interior of the continent (Lévéque, 1997).

The river Cuanza (Kwanza) represents together with westward flowing rivers of the
Angola distinct Freshwater ecoregion (Abell et al., 2008). This region covers a narrow coastal
plain and a steep escarpment rising to an altitude of more than 1000 m (Hughes & Hughes,
1992) and belongs to the most poorly understood drainages in Africa (Thieme et al., 2005;
Skelton, 2001). In contrast, upper Cuanza is considered as part of the Zambezian Headwaters
ecoregion based on species relativeness to the Zambezi and Cunene basins (Abell et al., 2008;
Trewavas, 1973), and also according to few old records (Nichols & Boulton, 1927; Flower,
1930).

The Bié Plateau represents the headwater region with tributaries belonging to the five
important large river systems (Congo, Zambezi, Okavango, Cuanza and Cunene). Rivers with
tributaries belonging to all aforementioned basins are found in a relatively short distance (ca
200 km) of the plateau area. The river systems of the Bié plateau are recently well separated,
although the geological activity in this region is still considered to be high (Guiraud et al.,
2010).

African cichlids can be considered as enormously studied group of fishes, with the
research focus mainly on the lacustrine assemblages of the Malawi, Tanganjika and Victoria
lakes (Strumbauer et al., 2010; Koblmuller et al., 2008; Genner et al., 2007), but also the

genetic research on the riverine cichlids has been intensively running covering the major river



systems in sub-Saharan Africa (Markert et al., 2010; Katongo, 2005; Stiassny1991). In
contrast, there is no record of cichlid fishes from the central Angola since 1975 due to the lack
of any field work area caused by long term civil war in the whole area. Generally, the rivers
of Angola belong among the least faunistically surveyed regions in the African continent and
only few older studies regarding ichthyofauna are available (Poll, 1967; Trewavas, 1936,
1973; Roberts, 1975; Nichols & Boulton, 1927; Greenwood, 1984).

Serranochromine cichlids represent mainly riverine predators with mouthbreeding
reproduction behaviour. They are largely distributed from South Africa up to the Congo basin
in the north in rivers of both Atlantic and Indian Ocean river systems. The genus
Serranochromis contains 10 valid species (Froese & Pauly, 2010), three of them were
previously reported from Angola (Poll, 1965). Possible radiation of serranochromine cichlids
is documented from a lake formation found in the Middle Zambezi river system during
Pleistocene (Joyce et al, 2005).

Overview studies covering large regions with different level of fish exploration and using
molecular methods could bring information about the true biodiversity richness.
Unfortunately, all modern works up to now dealing with molecular genetics of the African
riverine cichlids always miss the region of the Bié Plateau in the central Angola (see for
example maps in Koblmueller et al., 2008; Joyce et al., 2005).

This study comprises the first molecular analyses including fishes from central Angola
(the Bié Plateau) and the first molecular study on the Angolan cichlids at all. The main goal of
this study is to perform molecular phylogeography of the three fishes genera living in Bié
plateau region, central Angola. Followingly, this study brings evidences of the faunal
exchange among river systems in poorly investigated region, where the contact zone of

Cunene, Okavango and Cuanza river systems exists.

Material and methods:
Field collecting:

The material of the serranochromine cichlids was preferentially collected in the field
during years 2006 to 2009 (see Supp. 1). Other samples of cichlid genus Tilapia, and catfish
genus Clarias were also included in this study. The specimens were caught mainly by seine
net, rod or hand net in both smaller creeks and larger rivers in the Bié Plateau, Angola. We
collected samples from three river systems, i.e. Kubango (Okavango), Kwanza (Cuanza) and
Kunene (Cunene), totally from seven localities (one locality could be represented by more

collection sites; see fig. 1). All specimens were photographed, fin-clipped for DNA analyses



and selected voucher specimens were fixed in the formaldehyde and stored in the collection of

University of Life Sciences Prague, Czech Republic under the numbers as mentioned in Suppl.
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Fig. 1 — Sampling localities in the Bie province (highlighted by grey color) in the central
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Angola with the river systems scheme. Localities could represent more collection sites.

DNA analyses:

Four genes were amplified in this study for all serranochromine cichlids collected in
Bié, Angola. Three of the studied markers were mitochondrial, CO1 (primers: forward - 5°-
TCA ACC AAC CAC AAA GAC ATT GGC AC-3" and reverse 5-TAG ACT TCT GGG
TGG CCA AAG AAT CA-37, from Hubert et al., 2008), D-loop (primers: forward 5°-CCT
ACT CCC AAA GCT AGG ATC-3" and reverse 5”- TGC GGA GAC TTG CAT GTG TAA
G -3” from Joyce et al., 2005) and NADH2 (primers: forward 5°-CTA CCT GAA GAG ATC
AAA A-37 and reverse 5-CGC GTT TAG CTG TTA ACT AA-3" from Kocher, 1995) and
one was nuclear, i.e. S7 first intron (primers: forward 5"-TGG CCT CTT CCT TGG CCG TC-
37 and reverse 5-AAC TCG TCT GGC TTT TCG CC-3” from Chow & Hazama, 1998).



Additionally, the genes of CO1 and S7 were amplified for the samples of Tilapia and
Clarias using the aforementioned primers.

DNA was extracted from small pieces of muscle or gill (10-25 mg) using the
DNeasyTM Tissue Kit (Qiagen, Valencia, CA, USA). PCR condition consisted of an initial
denaturation step of 94°C (2 min), followed by 36 cycles of denaturation at 94°C for 1 min,
annealing at 50°C (D-loop), 52°C (CO1), 55°C (NADH2) or 59°C (S7 intron) for 1 min and
extension at 72°C for 1 min. The terminal extension was at 72°C for 10 min. PCR products
were then purified by QIAquick PCR Purification Kit (Qiagen), and directly sequenced with
the PCR primers using the BigDye® Terminator Cycle Sequencing Kit v.1.1 (Applied
Biosystems, Foster City, CA, USA) following manufacturer’s protocol. Sequencing reaction
products were cleaned with DyeEx 2.0 Spin Kit (Qiagen), and run on ABI Prism 3130
Genetic Analyzer (Applied Biosystems). Alternatively, we used Macrogen service in South
Korea (www.macrogen.com), where the unpurified PCR products were sent by mail.
Chromatograms were assembled and checked by eye for potential mistakes and edited
sequences were aligned using Clustal W as implemented in BioEdit software package (Hall
1999). All obtained sequences were submitted to GenBank (Accession Nos XXX to

completed after submission). See Suppl. 1 with the list of all samples and localities.

Phylogenetic analyses:

We prepaired two sequence data sets of the serranochromine cichlids: 1) the first data
set represents all specimens collected in Angola and was based on the four genes used in this
study; 2) the second data set includes also sequences of the genus Serranochromis (and
relative genera) from the previous studies (Katongo et al., 2007; Joyce et al., 2005; Verheyen
et al, 2003) downloaded from GenBank and is based on D-loop sequences.

Sequences of the mitochondrial CO1 gene for Tilapia and Clarias present the two
additional separated data sets analyzed by phylogenetic methods.

Phylogenetic analyses of the nuclear and mitochondrial sequence data were performed
using Bayesian Inference as implemented in MrBayes 3.0 (Huelsenbeck & Ronquist, 2001).
The best-fit model for each gene separately was selected by jModeltest (Posada, 2008) using
the Bayesian information criterion. Bayesian analysis was performed using two independent
runs of four Metropolis-coupled chains (MCMC) of five million generations each, to estimate
the posterior probability distribution. The combined sequence matrices were partitioned per
gene fragment, and independent model parameters were estimated for each partition. Tree

topologies were sampled every 100 generations, and majority-rule consensus trees were



estimated after discarding the first 30% generations. Robustness of clades was assessed using

Bayesian posterior probabilities.

Tests of alternative topologies:

We performed statistical tests of alternative topologies in the serranochromine cichlids
using Likelihood Ratio Test (LRT) to statistically test the significance of our results against
the hypothetic bigeographic scenario of the river systems separation. We tested observed
topology with the topologies constructed under the constraints where a) all samples collected
in the Cuquema river system were forced into one clade, b) all samples belonging to the
Okavango river system were forced to be together and c) both Cuquema and Okavango
samples constrainted into monophyletic clades. All the phylogenetic analyses (both
constrainted and unconstrainted) were performed in MrBayes under the aforementioned

conditions and using command ,,constraint*.

Results:

We sequenced 41 specimens belonging to four species of serranochromine cichlids, 22
specimens of Tilapia sparrmanii and 9 specimens of Clarias theodorae from central Angola.
We reconstructed phylogenetic relationships of the serranochromine cichlids sampled in
Angola (Fig. 3). Further, we combined newly obtained sequences with the previous analyses
in the haplochromine cichlids (Katongo et al., 2007; Joyce et al., 2005; Verheyen et al., 2003)
and we reconstructed the phylogenetic relations to check the position of the Angolan samples
within the other serranochromines (Fig. 2).

Based on the larger phylogeny results including other haplochromines from the
GenBank source, we found that Angolan serranochromine cichlids used in this study belong
to four monophyletic clades corresponding to species. See Fig. 2 for the phylogenetic position
of the clades within the resulted tree. We found separate lineage of Serranochromis
macrocephalus from the upper Cuanza and the upper Okavango, which represent
monophyletic clade among other serranochromine fishes.

Further, we reconstructed the phylogenetic tree based on CO1 gene and S7 intron
(Tilapia only) in other fish of genera Tilapia and Clarias. In both genera, the observed
distribution pattern did not correspond to the recent river system separation and it shows the
evidence of ichtyofauna communication.

The phylogeography of the species Serranochromis macrocephalus shows the pattern

also corresponding to the recent river system separation, similarly to Tilapia and Clarias



results. We thus performed the test of the alternative topologies where the both Cuanza and
Okavango specimens were constrainted each into monophyletic clades. These three
alternative topologies (1. e. with Okavango monophyletic, Cuanza monophyletic and both
river systems monophyletic) were rejected by Likelihood Ratio test in all cases (not shown).
Based on the observed pattern in all three tested genera, evidence of the faunal
exchange was found between neighbouring (and geographically very close) tributaries of
Okavango and Cuanza river systems. Fig. 4 shows in detail the observed distribution pattern
of S. macrocephalus and the potential hypothesis of the waterfall as a barrier for the species

dispersal.
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Discussion:

The material of the Angolan serranochromine cichlids as well as the cichlid genus
Tilapia and catfish genus Clarias were genetically analyzed using molecular phylogenetics
approach.

The material presented in this study is highly unique, as since 1975 no ichthyological
collectings could occure throughout Angola (except of the coastal regions) and up to now no
study dealing with African cichlids (Katongo et al., 2007; Joyce et al., 2005; Verheyen et al.,
2003) included samples from the central Angola. Our study hence significantly enlarges the
sampling area of the freshwater fishes groups in Africa.

We found that the Angolan samples of Serranochromis macrocephalus represent the
separate lineage among the other serranochromines analysed in the previous studies (Katongo
et al., 2007; Joyce et al., 2005). On the other hand, sequences of the same species S.
macrocephalus from Zambia (Katongo et al., 2007) seem nor to be most relative to the
Angolan clade neither to form its own monophyletic clade when analysed together with more

serranochromines. Based on the D-loop analysis, the sequences of these Zambian specimens



are placed in several clades of related species and also genera. There is no more sequenced
genes available to check independently the observed pattern. We cannot make any conclusion
about the GenBank sequences herein, however, there is evidence about huge sharing of
mitochondrial DNA among serranochromines due to their rapid evolution (Joyce et al., 2005).
There is evidence of the large Pleistocene lake (palaco-Makgadikgadi) present in the recent
middle Zambezi, and the serranochromine cichlids are thought to undergo the radiation there
(Joyce et al., 2005).

We found the evidence of faunal exchange between the two geographicaly adjacent
rivers belonging to the different river systems, i.e. river Cuchi (Okavango basin) and river
Cuquema (Cuanza basin). The same pattern was observed in Serranochromis, as well as in
Tilapia and Clarias. Although the river systems in the Bié plateau are recently well separated,
the geological activity in this region is still relatively extraordinary (Guiraud et al., 2010).
Further, the plateau landscape does not provide effective barrier, especially in the periodical
high water levels during the geological time (Hubert & Renno, 2006). Similar study on
freshwater fishes of the Guyana plateau in South America shows the evidence of repeated
faunal contacts between the adjacent river systems there (Hubert & Renno, 2006).

The human impact to the distribution pattern is not very probable, as the area is not
very populated and no manipulation with these fish was noticed. There have not been any
aquaculture activities since now although fishing activities are common along larger rivers
(Hughes & Hughes, 1992; Kalous, 2009).

The phylogeographic pattern in Serranochromis macrocephalus could be also
interpreted as effected by some barrier for distribution. There is a waterfall and a rapid zone
present in the river Cuquema (Cuanza system) and fish from up and down of this zone belong
to the different clades, i.e. they were closely related to the fish from more distant localities
from different sub-system (river Cuiva/Cuanza). In contrast, this barrier had no effect in case
of Tilapia sparrmanii. Recently, ongoing research in Congo river fishes showed, that the
rapids form a effective distribution barrier strongly influencing the observed genetic pattern
(Markert et al., 2010). However, more intensive studies of the Bie plateau region is necessary
to test the rapids effect to the fauna distribution as our data set is to low to uncover it. The
diversity of this region is still almost unknown, and any strongly supported conclusion can be

hardly formulated about the distribution patterns observed here untill the knowledge improve.

Conclusions:



Present study brings the first molecular work on the Angolan fishes. The evidence of
the faunal exchange among the upper Cuanza and the upper Okavango was found by the
phylogeography reconstruction of the cichlid genus Serranochromis. The similar result was
further shown by the another cichlid genus Tilapia and by the catfish genus Clarias from the
Bie plateau. We also joined the genetic data of the Angolan serranochromine cichlids to the
available DNA sequences from the previous African cichlid studies and this significantly
enlarged the sampling area of cichlids in Africa. This study should be considered as a first
step in the biodiversity survey in the poorly investigated region and no strong conclusion can

be yet formulated about the distribution patterns in fishes of central Angola.
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Supplementary material:

Supp. 1 - List of all samples and collection locality information

Sample locality
No. species collection date | No. name system GPS
C70  |Serranochromis macrocephalus 30.10.2007 1 |Rio Cutato, mainroad Kuito-Huambo Okavango |S 1234 13.6 E 016 29 30.5
C71  |Serranochromis macrocephalus 30.10.2007 1 |Rio Cutato, mainroad Kuito-Huambo Okavango |S 1234 13.6 E016 29 30.5
C74  |Serranochromis macrocephalus 30.10.2007 1 |Rio Cutato, mainroad Kuito-Huambo Okavango |S 1234 13.6 E 01629 30.5
KO1  |Serranochromis macrocephalus 1.11.2007 2 |Rio Kuchi, mainroad Kuito-Huambo Okavango |S1231 522 E 01641 46.1
K03  |Serranochromis macrocephalus 1.11.2007 2 |Rio Kuchi, mainroad Kuito-Huambo Okavango |S1231 522 E 01641 46.1
K05  |Serranochromis macrocephalus 1.11.2007 2 |Rio Kuchi, mainroad Kuito-Huambo Okavango [S123152.2 E 01641 46.1
K07  |Serranochromis macrocephalus 1.11.2007 2 |Rio Kuchi, mainroad Kuito-Huambo Okavango [S123152.2 E 01641 46.1
K16  |Serranochromis macrocephalus 1.11.2007 2 |Rio Kuchi, mainroad Kuito-Huambo Okavango |S123152.2 E 01641 46.1
K21  |Serranochromis macrocephalus 1.11.2007 2 |Rio Kuchi, mainroad Kuito-Huambo Okavango |S123152.2 E 01641 46.1
K28  |Serranochromis macrocephalus 1.11.2007 2 |Rio Kuchi, mainroad Kuito-Huambo Okavango |S123152.2 E 01641 46.1
B51  |Serranochromis macrocephalus 22.10.2007 3 |Kuito env., Rio Cuquema Cuanza S1228 14.9 E16 49 26.7
Z05  |Serranochromis macrocephalus 16.10.2008 3 |Kuito env., Rio Cuquema Cuanza S1228 14.9 E16 49 26.7
Z09  |Serranochromis macrocephalus 17.10.2008 3 |Kuito env., Rio Cuquema Cuanza S1228 14.9 E16 49 26.7
CO05  |Serranochromis macrocephalus 25.10.2007 4 |Lomba village, Rio Cuquema Cuanza S12 30 55.2 E017 25 58
C11  |Serranochromis macrocephalus 25.10.2007 4 |Lomba village, Rio Cuquema Cuanza S12 30 55.2 E017 25 58
C16  |Serranochromis macrocephalus 25.10.2007 4 |Lomba village, Rio Cuquema Cuanza S12 30 55.2 E017 25 58
C17  |Serranochromis macrocephalus 25.10.2007 4 |Lomba village, Rio Cuquema Cuanza S$12 30 55.2 E017 25 58
C27  |Serranochromis macrocephalus 25.10.2007 4 |Lomba village, Rio Cuquema Cuanza S12 30 55.2 E017 25 58
C31  |Serranochromis macrocephalus 25.10.2007 4 |Lomba village, Rio Cuquema Cuanza S$12 30 55.2 E017 25 58
C50  |Serranochromis sp. 2 31.10.2007 4 |Lomba village, Rio Cuquema Cuanza S$12 30 55.2 E017 25 58
C52  |Serranochromis sp. 2 31.10.2007 4 |Lomba village, Rio Cuquema Cuanza S12 30 55.2 E017 25 58
V33  |Serranochromis macrocephalus 6.5.2008 5 |Kuemba village, Rio Cuiva Cuanza S1209 32.1 EI8 05 48.7
V35  |Serranochromis macrocephalus 6.5.2008 5 |Kuemba village, Rio Cuiva Cuanza S12 09 32.1 E18 05 48.7
752 |Serranochromis sp. 1 24.10.2008 5 |Kuemba village, Rio Cuiva Cuanza S12 09 32.1 E18 05 48.7
754  |Serranochromis sp. 1 24.10.2008 5 |Kuemba village, Rio Cuiva Cuanza S12 09 32.1 E18 05 48.7
755  |Serranochromis sp. 1 24.10.2008 5 |Kuemba village, Rio Cuiva Cuanza S12 09 32.1 E18 05 48.7
7256  |Serranochromis sp. 1 24.10.2008 5 |Kuemba village, Rio Cuiva Cuanza S12 09 32.1 E18 05 48.7
780 _1 |Serranochromis macrocephalus february 2009 | 5 |Kuemba village, Rio Cuiva Cuanza S1209 32.1 E18 05 48.7
780 _2 |Serranochromis macrocephalus february 2009 | 5 |Kuemba village, Rio Cuiva Cuanza S1209 32.1 E18 05 48.7
Cu03  |Serranochromis sp. 2 february 2008 | 5 |Kuemba village, Rio Cuiva Cuanza S12 09 32.1 E18 05 48.7
Cu05 |Serranochromis sp. 2 february 2008 | 5 |Kuemba village, Rio Cuiva Cuanza S1209 32.1 E18 05 48.7
Cu06 |Serranochromis sp. 1 february 2008 | 5 |Kuemba village, Rio Cuiva Cuanza S1209 32.1 E18 05 48.7
Z35  |Serranochromis sp. 1 22.10.2008 6 |Luando village, Rio Luando Cuanza S113533.4E182810.3
236  |Serranochromis sp. 1 22.10.2008 6 |Luando village, Rio Luando Cuanza S113533.4E182810.3
237  |Serranochromis sp. 1 22.10.2008 6 |Luando village, Rio Luando Cuanza S113533.4E182810.3
Z38  |Serranochromis sp. 1 22.10.2008 6 |Luando village, Rio Luando Cuanza S113533.4E182810.3
Z39  |Serranochromis sp. 1 22.10.2008 6 |Luando village, Rio Luando Cuanza S113533.4E1828 10.3
Z19 Thoracochromis sp. 19.10.2008 7 |Rio Cunene, mainroad Kuito-Huambo Cunene S12 45409 E1547 22.2
Z20 Thoracochromis sp. 19.10.2008 7 |Rio Cunene, mainroad Kuito-Huambo Cunene S124540.9 E154722.2
721 Thoracochromis sp. 19.10.2008 7 |Rio Cunene, mainroad Kuito-Huambo Cunene S124540.9 E154722.2
Z23 Thoracochromis sp. 19.10.2008 7 |Rio Cunene, mainroad Kuito-Huambo Cunene S124540.9 E154722.2
K159 |Tilapia sparrmanii 15.10.2008 4 |Lomba village, Rio Cuquema Cuanza S12 30 55.2 E017 25 58
K160 |Tilapia sparrmanii 15.10.2008 4 |Lomba village, Rio Cuquema Cuanza S12 30 55.2 E017 25 59
Z02  |Tilapia sparrmanii 16.10.2008 3 |Kuito env., Rio Cuquema Cuanza S1226.559 E16 54.385
Z08  |Tilapia sparrmanii 16.10.2008 4 |Kuito env., Rio Cuquema Cuanza S1228 14.9 E16 49 26.7
Z10  |Tilapia sparrmanii 18.10.2008 5 |Kuito env., Rio Cuquema Cuanza S12 26.559 E16 54.385
Z11 Tilapia sparrmanii 19.10.2008 3b |Chinguar village, mainroad Kuito-Huambo Cuanza S123326.4E16 18459
Z12  |Tilapia sparrmanii 19.10.2008 3b |Chinguar village, mainroad Kuito-Huambo Cuanza S123326.4E16 1845.9
Z13  |Tilapia sparrmanii 19.10.2008 3b |Chinguar village, mainroad Kuito-Huambo Cuanza S123326.4E161845.9
714 |Tilapia sparrmanii 19.10.2008 3b |Chinguar village, mainroad Kuito-Huambo Cuanza S$123326.4E16 1845.9
Z51 Tilapia sparrmanii 24.10.2008 5 |Kuemba village, Rio Cuiva Cuanza S1209 32.1 E18 05 48.7
7260  |Tilapia sparrmanii 24.10.2008 5 |Kuemba village, Rio Cuiva Cuanza S12 09 32.1 E18 05 48.7
N8 Tilapia sparrmanii 25.10.2007 4 |Lomba village, Rio Cuquema Cuanza S$12 30 55.2 E017 25 58
K09  |Tilapia sparrmanii 1.11.2007 2 |Rio Kuchi, mainroad Kuito-Huambo Okavango |S123152.2 E 01641 46.1
K10  |Tilapia sparrmanii 1.11.2007 2 |Rio Kuchi, mainroad Kuito-Huambo Okavango |S123152.2 E 016 41 46.1
K17  |Tilapia sparrmanii 1.11.2007 2 |Rio Kuchi, mainroad Kuito-Huambo Okavango |S123152.2 E 016 41 46.1
K18  |Tilapia sparrmanii 1.11.2007 2 |Rio Kuchi, mainroad Kuito-Huambo Okavango |S123152.2 E 01641 46.1
Til8  |Tilapia sparrmanii May, 2007 3 |Kuito env., Rio Cuquema Cuanza S1225.542 E16 49.113
Cu0l |Tilapia sparrmanii May, 2008 5 |dried specimen from Kuemba village Cuanza -

Cu02 |Tilapia sparrmanii May, 2008 5 |dried specimen from Kuemba village Cuanza -
Z87  |Tilapia sparrmanii October, 2008 | ? |dried specimen from Kuito village Cuanza -

Kw02 |Tilapia sparrmanii October, 2008 | ? |dried specimen from Kuito village Cuanza -

Kw06 |Tilapia sparrmanii October, 2008 | ? |dried specimen from Kuito village Cuanza -
MO1 Clarias theodorae 16.10.2008 3 |Kuito env., Rio Cuquema Cuanza S1226.559 E16 54.385
MO02 |Clarias theodorae 16.10.2008 3 |Kuito env., Rio Cuquema Cuanza S12 26.559 E16 54.385
M47  |Clarias theodorae 23.10.2008 5 |Kuemba village, Rio Cuiva Cuanza S12 09 17.6 E18 05 59.2
M44  |Clarias theodorae 24.10.2008 ? |dried specimen from Kuemba village Cuanza -
M46  |Clarias theodorae 30.10.2008 ? |dried specimen from Kuito village Cuanza -
B21 |Clarias theodorae 18.10.2007 3 |Nequilo village Cuanza S1236.289 E17 04.139
C30 |Clarias theodorae 25.10.2007 4 |Lomba village, Rio Cuquema Cuanza S12 30 55.2 E017 25 58
K13 Clarias theodorae 1.11.2007 2 |Rio Kuchi, mainroad Kuito-Huambo Okavango |S123152.2 E 01641 46.1
C82  |Clarias theodorae 30.10.2007 1 JRio Cutato, mainroad Kuito-Huambo Okavango |S 1234 13.6 E016 29 30.5




Supp. 2 - Images of the studied cichlid fishes (Serranochromis macrocephalus,

Thoracochromis sp. and Serranochromis sp.1 + S. sp.2)

a) Serranochromis macrocephalus

b) Serranochromis sp. 1

c) Serranochromis sp. 2




Conclusion

This thesis presents the molecular phylogeny studies performed on the Neotropical
and African cichlids. 1) The original research focus started with the neotropical cichlid tribe
Cichlasomatini, where the first comprehensive phylogeny was reconstructed based on three
molecular markers (Musilova et al.,. 2008). This study defined the phylogenetic pattern and
opened the question of the unstudied species group of “Aequidens’. 2) Later, further focus was
focused on the more detailed phylogenetic investigation of Cichlasomatini and more robust
phylogeny was reconstructed including addition of the morphological characters. As a
taxonomic result, the genus Andinoacara was described as a new name for “Aequidens” group
(Musilova et al.,. 2009a). 3) The ongoing research focused on the genus Andinoacara brought
further results, when the new species Andinoacara stalsbergi was recognised both
morphologically and genetically, and subsequently described (Musilova et al., 2009b).
Naturally, more questions appeared during the more detailed discover of Andinoacara
evolutionary history. As a next step, the comprehensive study on Andinoacara produces the 4)
phylogeography presented here as Musilové et al., (unpublished manuscript). Aditionally, the
other syntopic and unrelated ‘Heros’ group was investigated for better results interpretation.
Interesting biogeography patterns were found in that work including the ancestral area and
colonisation events within the both genera. 5) The possibility of joining the team working in
Africa allowed to apply the skills in the poorly investigated region and the first
phylogeography study of Angolan cichlids was the result (Musilova et al., in prep). Among
the phylogenetic pattern, the evidence of faunal contacts between different river systems was
found as a most interesting conclusion.

Appendices: The results of two different projects related to cichlid fishes are involved
as Appendices. It is followed by the presentations of the preliminar/ongoing results in

scientific congresses, and the popularisation works as the essential part of the PhD. study.
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CYTOGENETICKA ANALYZA A EVOLUCE KARYOTYPU

U JIHOAMERICKYCH CICHLID TRIBU CICHLASOMATINI

CYTOGENETIC ANALYSIS AND KARYOTYPE EVOLUTION IN SOUTH
AMERICAN CICHLIDS OF THE TRIBE CICHLASOMATINI

L. KRAJAKOVA', Z. MUSILOVA™?, L. KALOUS!

'Ceskd zemédélskd univerzita v Praze, Fakulta agrobiologie potravinovych a ptirodnich zdroj, Katedra zoologie
a rybdrstvi, 165 21 Praha 6 - Suchdol, krajakova@af.czu.cz

Ustav zivocisné fyziologie a genetiky AVCR v.v.i, Laboratof genetiky ryb, 277 21 Libéchov

ABSTRACT

We present our cytogenetic data of South American cichlids (tribus Cichlasomatini) that were
consequently consulted with phylogenetic analysis of other authors. Nuclei suspensions for this
study were obtained by different methods of chromosome preparation, then dropped on slides
and stained by the solution of Giemsa - Romanowski. Obtained metaphases were investigated
by microscope and recorded by digital camera connected with image analysing software. Karyo-
types were constructed only in samples with good metaphases and cytogenetic data (chromo-
some number, karyotype) and they were consequently applied to known phylogenetic tree. We
concluded that common ancestor had 2n = 48 chromosomes. Change of chromosome number
occurred at least in seven evolution events; six times the number of chromosome increased and
once decreased. The increase of chromosome number was observed in group of Nannacara and
Cleithracara (Cleithracara maronii 2n = 50). In the second clade of Bujurquina — Tahuantinsuyoa
- Andinoacara - Laetacara — Acaronia we found a reduction of chromosome number (Bujurquina
2n = 44, 40, Laetacara 2n = 44, 38 and Tahuantinsuyoa 2n = 30). From available data we are still
not able to formulate final hypothesis of karyotype evolution within the tribus Cichlasomatini.
Anyway, present study is the first cytogenetic overview of the tribe.

Klicovd slova: Cytogenetika, jihoamerické cichlidy, Cichlosomatini, evoluce karyotypu

Keywords: Cytogenetics, South American cichlids, Cichlosomatini, evolution of caryotype

Cytogeneticka analyza karyotypu je dostupnou a relativné levnou metodou, jak ziskat in-
formace o organizaci struktur dédi¢né informace, tedy o poctu a stavbé chromozomu v jadie
burky. Jedna se tak o signal, ktery molekularni genetika a sekvenace DNA nemze odhalit, a
proto muze byt vhodnym doplrikem pfi studiu evoluce dané skupiny (Pisano a kol., 2007). Tyto
informace je mozné porovnat mezi jednotlivymi druhy, pfesto o jihoamerickych cichlidach
(tribus Cichlasomatini) neni v literatufe mnoho cytogenetickych informaci. Konkrétné existuji
dvé cytogenetické studie: od autorli Thompson (1979) a Marescalchi (2005). Z téchto studii
vyplyva, ze variabilita chromozomového usporadani je vétsi, nez se predpokladalo. Studované
rody byly plivodné povazovany za uniformni v poc¢tu chromozomd.
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Ukazuje se, Ze zéstupci rodd Aequidens, Cichlasoma a Krobia maji 48 chromozom (2n = 48),
coz je doposud povazovano za ancestralni stav. Naopak rody Bujurquina (2n = 44; 40), Laetaca-
ra (2n = 44; 38), Nannacara (2n = 44) a Cleithracara (2n = 50) se v po¢tech chromozomd lisi.

Cilem této studie je popsat cytogenetické charakteristiky druhl jihoamerickych cichlid, kte-
ré dosud nebyly z tohoto pohledu zkoumany, a naslednou fylogenetickou interpretaci zéro-
ven rozsifit znalosti o mozném prdbéhu evoluce karyotypu v rdmci tribu Cichlasomatini.

MATERIAL A METODIKA

Do studie bylo zahrnuto 8 druht z 6 rlznych zemi (1. Andinoacara biseriatus — Kolumbie,
2. Andinoacara cf. pulcher ,Rio Chirgua” — Venezuela, 3. Andinoacara rivulatus — Ekvador,
4. Aequidens tubicen — Peru, 5. Cichlasoma amazonarum - Brazilie, 6. Cichlasoma boliviense -
Bolivie, 7. Krobia sp.,Xingu” - Brazilie, 8. Tahuantinsuyoa macantzatza - Peru. Vétsina ryb pouzi-
tych v této studii pochazi z plvodniho mista jejich vyskytu a byla zakoupena prostiednictvim
specializovanych firem v Ceské republice nebo v Némecku. Viechny ryby byly chovéany v akva-
riich na CZU a PFF UK v Praze. Od kazdého druhu byli pouziti dva jedinci ke stanoveni poc¢tu
chromozomd, pro sestaveni karyotypu pak byla vybrana jedna nejlepsi metafaze.

K ziskani chromozomovych preparatl byly pouzity tfi metody, a to: 1) preparace chromozo-
mu z regeneratu ploutve dle M. Volkera, 2) preparace chromozom( z embryi dle M. Volkera a
3) kultivace fibroblastt in vitro.

Metody preparace chromozom z regeneratu ploutve dle M. Vélkera a kultivace fibroblast(
in vitro byly pouzity u vSech vyjmenovanych druhd, metoda preparace chromozomu z embryi
dle M. Volkera byla pouzita u druht Cichlasoma amazonarum a Cichlasoma boliviense, které
se prirozené vytiraly v akvariich, k jednotlivym preparacim bylo pouzito postupné pét snGsek
od kazdého druhu.

Metoda preparace chromozomu z regeneratu ploutve dle M. Vélkera je zalozena na principu
regenerace bunék v misté poskozeni po odstranéni ¢asti tkané, v tomto pripadé se jednalo
o ocasni ploutev. Rybé byla odstfizena mala ¢ast ocasni ploutve (péasek o Sifce cca 1 mm). Ocas-
ni ploutev se nechala regenerovat 4-7 dni podle regenera¢ni aktivity. Po uplynulém ¢asovém
useku byl regenerat odstfizen a vloZzen na 2-3 hodiny do Petriho misky s kultiva¢nim roztokem
skladajiciho se z 14,3 ml zasobniho roztoku (7,48 g NaCl; 0,18 g KCl; 0,2 g CaCl ; 0,016 g NaHCO,
a 1000 ml destilované vody), 85,7 ml destilované vody a 0,025 g kolchicinu (Serva). BEhem této
doby probihalo déleni bunék, ale pouze do stadia metafaze, ve které kolchicin zastavuje bu-
nécné déleni. Po té byly pfidany 3-4 kapky fixacniho roztoku (100% CH,OH a 100% CH,COOH,
3:1), ktery se nechal pGsobit 30 minut v chladnicce pfi 4 °C. V této fazi doslo k usmrceni véech
bunék. Poté byl z Petriho misky veskery roztok odstranén a byl pfidan pouze fixacni roztok,
ktery pUsobil dalsich 30 minut. Odstranéni starého a pfidani cerstvého fixa¢niho roztoku bylo
opakovano dvakrat. Nasledné byl regenerat prenesen na sitku a zakdpnut 45-50 pl 20% kyse-
liny octové. Ta zpUsobila rozbiti jadernych membran a rozvolnéni chromozomdl, coz je dulezité
pro nasledné pozorovani na podloznim skli¢ku. Poté byla tkan regenerdtu jemné rozrusena
o sitku pinzetou a z druhé strany sitky byla automatickou pipetou Nichirio 200 odsata sus-
penze bunék do mikrozkumavky typu Eppendorf. Suspenze byla nasledné nanesena na pod-
lozni skla (Menzel GmbH) zahfata na teplotu 45 °C na topné plotynce. Suspenze byla na sklo
nakdpnuta a po 20 sekundach nasata zpét. Timto zplsobem byly na jednom podloznim skle
vytvoreny tfi kapky. Diky teploté skel se vytvofil v misté kapky jemny film s burikami. Skla se
nechala vychladnout pfi pokojové teploté v laboratofi.

-14-
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Metoda preparace chromozom( z embryi, byla téZ optimalizovana Volkerem (2006).

Do pripraveného roztoku kolchicinu (Serva) (0,25 g a 50 ml vody z akvaria) v Petriho miskach
bylo umisténo po 3-4 embryich, které byly ziskany z pfirozeného vytéru ryb v akvariu. Embrya
byla takto kultivovana 4 hodiny pfi pokojové teploté. BEhem této doby probihalo déleni bu-
nék, ale pouze do stadia metafaze, ve které kolchicin zastavuje bunécné déleni. Do zkumavek
byl pfipraven roztok citronanu sodného (0,8%), ve kterém byla embrya ponechéna hypoto-
nickému pusobeni po dobu 40 minut pii laboratorni teploté. Poté byla tekutina ze zkumavek
slita a bylo pfidano 5 ml fixativa (100% CH,OH a 100% CH,COOH, 3 : 1). Embrya byla pro-
vzdusnéna pomoci Pasteurovy pipety a umisténa do chladni¢ky (4 °C) na 20 minut. V této fazi
doslo k usmrceni viech bunék. Tento krok byl opakovén jesté dvakrat, s tim Ze v poslednim
kroku byly zkumavky ponechény v chladni¢ce 24 hodin. Po 24 hodinach byla embrya osusena
a umisténa do mikrozkumavky typu Eppendorf s 40% kyselinou octovou, ktera zpUsobila roz-
biti jadernych membran a rozvolnéni chromozomi pro nasledné pozorovani na sklicku. Zde
byla embrya rozmélnéna pomoci plastové tyc¢inky. Poté byla suspenze kapana na predehrata
(45 °C) podlozni skla (Menzel GmbH) stejnym zplsobem jako v pfedchozi metodé preparace
chromozom(i z regeneratu.

Kultura fibroblastd byla zalozena z malého vzorku tkané (cca 2 x 2 mm), ktery byl rybé ode-
brén z hibetni ploutve. Pfipadné byl pouZit odstfizek ocasni ploutve, ktery byl odebran pfi vy-
uziti metody preparace z regeneratu ploutvi. Odebrany kousek tkdné z hrbetni nebo ocas-
ni ploutve byl umistén do roztoku PBS 0,5 ml (10 g NaCl, 0,25 g KCl, 0,25 g KH,PO,, 1,44 g
Na_HPO,.12H,0, 1000 mI H,0) a 0,5 ml antibiotické-antimykotické smési (Sigma-Aldrich) v mik-
rozkumavce typu Eppendorf na 60 minut. Poté byla tkan umisténa do roztoku 1,5mIPBS + 0,5 ml
antibiotické-antimykotické smési v mikrozkumavce typu Eppendorf na 60 minut. Ve ,flow-bo-
xu” byla tkdn postupné oplachovana ve tfech Petriho miskach s roztokem kompletniho media
slozeného z 80 ml Liebovitz media L15 (Sigma-Aldrich) a 20 ml bovinniho sera (Baria). Dale byl
pfidan 1T ml antibiotické-antimykotické smési (Sigma-Aldrich) a T ml glutaminu (Sigma-Ald-
rich). Takto pripravené medium bylo prefiltrovano specialnimi filtry (Millex Millipore) a ucho-
vavano ve sterilni nddobé v chladnicce pfi 4 °C.V posledni Petriho misce byla tkan ponechana
hodinu. Nasledné byla tkan rozstfihana na nékolik mensich kouskd. Takto ziskané kousky tka-
né byly pomoci ockovaci klicky pfeneseny na dno kultiva¢ni lahvicky (Nunc). Po 20 minutach,
kdy doslo k pfilnuti tkdné ke dnu kultiva¢ni lahvicky, byly pfidany 3 ml kompletniho media.
Fibroblasty byly kultivovény pfi 28,5 °C v termostatu. Kazdy tfeti den probihala vyména kom-
pletniho media. Celkova doba kultivace byla pfiblizné 14 dni, podle vizudlni kontroly rdstu
fibroblastd pod inverznim mikroskopem. Do kultivacnich lahvicek byly pridany 3 kapky 0,1%
kolchicinu (Serva), ktery se nechal plsobit po dobu 4 hodin v termostatu pfi 28,5 °C. Poté byly
dvakrat pridany a odsaty 2 ml PBS. K takto osetfenym fibroblasttim byl pfidan 1 mI PBS a 0,7 ml
0,1% trypsinu (Sigma-Aldrich). Celkovéa doba plisobeni trypsinu byla 2 minuty, pak byl jeho
ucinek zastaven pfidanim kultiva¢niho media. Ockovaci klickou byly ze dna kultiva¢ni nadobky
seSkrabany narostlé fibroblasty, které byly spolu s kultiva¢nim roztokem prevedeny do zku-
mavky. Suspenze byla centrifugovana 10 minut pii 1200 otackach a laboratorni teploté. Poté
byl supernatant odsat a k burikdm usazenym na dné zkumavky bylo pfidano 5 ml KCI (5,6 g/I,
37 °C). Doba hypotonického plisobeni KCI byla 8 minut. Po centrifugaci (10 min/1200 otacek)
byl supernatant odsan a pfistoupilo se k fixaci (100% CH,OH, 100% CH,COOH, 3 : 1) po dobu
20 minut. Proces fixace byl tfikrat opakovan a poté byla suspenze nakapana na vycisténé pod-
lozni sklo (Menzel GmbH). Barveni bylo provadéno po dobu 10 minut ve 3% roztoku Giemsa
Romanovski (Dr. Kulich Pharma) v Sorensové pufru (4,5 g KH,PO,, 4,7 g Na,PO,, 1000 ml desti-
lované vody; pH = 6,8). Poté byly preparaty dikladné oplachnuty destilovanou vodou.
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Vsechny preparaty byly prohlizeny na mikroskopu Olympus AX-70 pfi zvétSeni 1000x za po-
uziti imerzniho oleje. Vybrané metafaze byly vyfoceny CDD kamerou (Olympus; DP30BW).
Obraz byl zpracovan v programu Microimage. Vlastni pocitani chromozom( v metafazich
probihalo ru¢né nebo pomoci programu Microimage. Sestavovani karyotypu bylo provedeno
ve specializovaném programu lkaros (Metasystems).

Chromozomy byly klasifikovany dle Levana a kol. (1964) na zakladé délky chromozomo-
vych ramen a polohy centromery do téchto kategorii: metacentrické (m), submetacentrické
(sm), subtelocentrické (st) a akrocentrické (a). Ziskané vysledky cytogenetické analyzy byly
posouzeny s ohledem na znamé piibuzenské vztahy zkoumanych druh(. Zjisténé pocty chro-
mozom byly zaneseny na fylogeneticky strom. Pouzit byl publikovany fylogeneticky strom
(Musilova a kol., 2009), ktery byl sestaven na zadkladé dat ziskanych molekularné genetickymi
metodami, a to sekvenaci jak jadernych (RAG 1 a S7), tak mitochondrialnich (Cytb, 16S) gend.
Na strom byla zanesena i data ziskana z publikaci Marescalchi (2005), Feldberg a kol. (2003) a
Thompson (1979) (obr. ¢. 2). Déle byly na fylogenetickém stromu vyznaceny evoluc¢ni udalosti
ve zméné poctu chromozom (zvyseni/redukce poctu) a pravdépodobny pocet chromozomli
spole¢nych predku s pouzitim kriteria maximalni parsimonie (tj. aby celkovy pocet evolu¢nich
zmén schopnych vysvétlit rozlozeni znakl u redlnych studovanych druh( byl co nejmensi;
Flegr, 2005). Pro zaneseni byla vyuZzita optimalizace ACCTRAN, ktera predpoklada, ze evolu¢ni
zmény se udaly co nejpozdéji, tj. co nejblize koncovym taxontim ve fylogenetickém stromu,
a tedy co nejdale od jeho kofent (Agnarsson a Miller, 2008). Posledni vstupni informace je
predpoklad, Zze redukce po¢tu chromozomd je ¢astéjsi jev nez zvyseni poctu (Imaia kol., 1986).
Ke zvyseni poc¢tu chromozom(l dochézi rozpadem, naopak snizeni poc¢tu se miize odehravat
fuzi ¢i hromadnou fuzi.

VYSLEDKY

U vSech osmi zkoumanych druh( se podafilo stanovit poc¢ty chromozom. Druhy Andino-
acara biseriatus, Andinoacara cf. pulcher ,Rio Chirgua’, Andinoacara rivulatus, Aequidens tubi-
cen, Cichlasoma amazonarum, Cichlasoma boliviense, Krobia sp. ,Xingu” mély 2n = 48 chro-
mozom{, pouze druh Tahuantinsuyoa macantzatza mél 2n = 30 chromozomu. Karyotypy byly
sestaveny u Ctyf druh (obr. ¢. 1). Jeden karyotyp neni kompletni (obr. ¢. 1¢), ale dobfe typové
zapada mezi ostatni kompletni karyotypy, proto je uveden.
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Obr. 1. Karyotypy jihoamerickych cichlid tribu Cichlasomatini a) Andinoacara biseriatus, b) Aequidens tubicen, ¢) Cichlasoma
amazonarum, d) Krobia sp. “Xingu’ 1-6 sm, 7-24 st - a.
Flg. 1. Karyotypes of South American cichlids of tribe Cichlasomatini a) Andinoacara biseriatus, b) Aequidens tubicen, ¢) Cichlaso-
ma amazonarum, d) Krobia sp. “Xingu, 1-6 sm, 7-24 st —a.
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Spole¢nou charakteristikou ziskanych karyotypud je Sest parl submetacentrickych chro-
mozomd, z toho ve dvou pripadech (dequidens tubicen, Andinoacara biseriatus) je prvni par
submetacentrickych chromozomu vyrazné vétsi nez zbyvajici pary. Na zékladé ziskanych vy-
sledkd je pravdépodobné, ze predek tribu Cichlasomatini mél 2n = 48 chromozomu. Ke zmé-
né poc¢tu chromozomU doslo minimalné pii sedmi evoluc¢nich udalostech, z toho jednou
ke zvyseni a Sestkrat ke snizeni poctu chromozom. Jako stabilni se v poc¢tu chromozom(
jevi klastr rod( Aequidens — Cichlasoma — Krobia. Dosud vsichni zkoumani jedinci z tohoto
klastru maji 2n = 48. U klastru rod0 Nannacara — Cleithracara doslo ke zvyseni po¢tu chromo-
zomU u Cleithracara maroni a k redukci poctu chromozom u Nannacara anomala. U klastru
rodl Bujurquina — Tahuantinsuyoa — Andinoacara — Laetacara — Acaronia existuje tendence
k postupnému snizovani poctu chromozomd, jelikoz vsechny druhy rodu Andinoacara maji
2n = 48, druhy rodU Bujurquina maji 2n = 44; 40, druhy rod( Laetacara maji 2n = 44; 38 a Ta-
huantinsuyoa ma dokonce 2n = 30.
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Obr. 2. Fylogeneticky strom (Musilovd a kol 2009) s daty o poctu chromozom( ziskanych béhem této prdce a ddle pak v prdci Marescalchi
(2005), Feldberga a kol. (2003) a Thompsona (1979). Data pro srovndvaci skupinu (rod Nandopsis, tribus Heroini) pochdzi z prdce Salase
aBoza (1991). Ddle jsou naznaceny hypotetické evolucni uddlosti, které mohly zménit pocet chromozomd (redukce nebo zvyseni poctu
chromozom) s pouZitim metody maximdlni parsimonie za pfedpokladu vyssi pravdépodobnosti fize nez rozpadu chromozomdi a
aplikaci optimalizace ACCTRAN (hypotetické zmény probéhly co nejddle od kofene stromu). Pocet chromozomd u predka byl stanoven
svyuzitim faktu, Ze pGvodni karyotyp cichlid je 2n = 48 (Feldberg a kol, 2003). Sedd ¢isla zndzorriuji pocet chromozomi u hypotetického
predka.

Flg. 2. Fylogenetic tree (Musilovd et al,, 2009) with the number of chromosomes obtained in this study, and from the Marescalchi (2005),
Feldberg et al. (2003) and Thompson (1979) studies. Data for group comparison comes from the study of Salas and Boza (1991).
Hypothetical evolutionary events which could change chromosome numbers (increase or reduction) are marked. The method of maximal
parsimony was used with a presumption of a higher probability of fusion versus a chromosome break up; the application ACCTRAN
optimalization was used (hypothetical changes with the greatest distance from the tree’s root). The ancestor chromosome number was
determined by the fact that the ancestral karyotype of cichlids is 2n = 48 (Feldberg et al, 2003). Gray numbers indicate the chromosome
numbers of a hypothetical ancestor.
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Davodem ziskani malého poctu kvalitnich metafazi je vlastni metoda regeneratu, ktera byla
optimalizovana pro drobné druhy halancik( (Volker, 2006) a pro cichlidy se metodu nepo-
dafilo pIné optimalizovat. Rovnéz metoda kultivace fibroblastl nepfinesla kvalitni vysledky.
Na tématu je tedy tfeba nadale pracovat i v budoucnu a popisované vysledky je nutno chapat
jako predbézné.

Pokud srovname charakteristiky karyotypd, které ziskala Marescalchi (2005), a charakteris-
tiky ziskané v této praci, mizeme pozorovat urcité rozdily. Marescalchi (2005) vyhodnotila
pocet submetacentrickych chromozom( v rozmezi 2 az 13 par(i chromozom. Nami ziskané
vysledky ukazuji vzdy 6 part submetacentrickych chromozomu. Z toho pak vyplyvaiji i rozdil-
né pocty chromozom v kategorii subtelocentrickych az akrocentrickych. Rozdil mezi jedinci
stejného druhu (konkrétné Andinoacara pulcher) mGze byt zpisobeny odlisnou lokalitou pa-
vodu jedincU v praci Marescalchi (2005) a v této praci. Marescalchi (2005) pouzila ke své studii
ryby z akvarijnich chovd, naopak v této praci byly pouzity ryby ziskané a importované z mista
plvodu. Takovym piikladem je Andinoacara cf. pulcher, kdy typovy material (jedinci, podle
nichz byl druh popsan) pochazi z Trinidadu, zatimco areal rozsiteni pokryva mnohem rozsah-
lejsi uzemi Venezuely a Kolumbie. Nami pouzity jedinec pochdazel z feky Chirgua ve Venezuele.
V akvarijnich chovech se vyskytuje tento druh jiz dlouho, ale geograficky pivod chovanych
jedinct nenijisty. Neni proto mozné fici, z které lokality pochazi jedinec pouzity v praci Mares-
calchi (2005). Navic druh Andinoacara pulcher je velmi variabilni a podle analyzy DNA se prav-
dépodobné jedna o vice druhd (Musilova a kol., 2009). Dokud nebude vyfesena taxonomicka
situace v rdmci tohoto druhu, nelze vyvodit jednoznacny zavér.

Stabilné se jevi skupina rodd Aequidens — Cichlasoma — Krobia, vsichni zkoumani jedinci
z této skupiny maji 2n = 48. U skupiny rodl Nannacara — Cleithracara doslo ke zvyseni poctu
chromozom u Cleithracara maroni a k redukci poc¢tu chromozom u Nannacara anomala.
U skupiny rod0 Bujurquina — Tahuantinsuyoa — Andinoacara — Laetacara — Acaronia se vysky-
tuje tendence k postupnému snizovani poc¢tu chromozomu, vsechny druhy rodu Andinoacara
maji 2n = 48, druhy rod{l Bujurquina maji 2n = 44; 40 a druhy rodd Laetacara maji 2n = 44;38 a
druh Tahuantinsuyoa ma dokonce 2n = 30. Ke zvyseni po¢tu chromozom( dochazi rozpadem,
naopak snizeni poctu se muze odehravat fuzi ¢i hromadnou fuzi, pravdépodobnéjsi evolucni
udalost je fuze chromozom{ nez jejich rozpad (Imai a kol., 1986).

Pro zaneseni po¢tu chromozom jednotlivych druhd na jejich fylogeneticky strom bylo po-
uzita optimalizace ACCTRAN, ktera pfedpoklada evolué¢ni udélosti,co nejpozdéji’, tedy co nej-
dale od kofene stromu. Zvolili jsme tuto optimalizaci, jelikoz data o poc¢tu chromozom{ jsou
nekompletni a pouziti opacné optimalizace (DELTRAN - udalost se udala co nejblize kofenu
stromu) by zanaselo do interpretace vysledki informaci i o druzich, které dosud nebyly zkou-
many (Agnarsson a Miller, 2008).

Thompson (1979) tvrdi, Ze u cichlid se vyskytuji dva typy karyotypu: 1) karyotyp , A", ktery je
plvodni (2n = 48), s malym poc¢tem metacentrickych chromozomd, obvyklejsi jsou submeta-
centrické chromozomy a déle nachazime vysoky pocet subtelocentrikli a akrocentrik(; 2) evo-
lu¢né odvozeny karyotyp,B’, ve kterém nachéazime vétsi pocet metacentrickych chromozomd,
Casto se také lisi samotny pocet chromozomuU. Pokud porovname nami ziskané metafaze a
karyotypy mizeme konstatovat, Ze vétsina zkoumanych cichlid majicich 2n = 48 chromozomu
ma karyotyp typu,A”. Naopak u druhi s redukovanym poc¢tem chromozom{ (2n = 44, 38 nebo
30) se jedna prevazné o karyotyp typu,B".
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Nejvyraznéjsim piikladem redukce poc¢tu chromozomu je druh Tahuantinsuyoa macantzatza,
u kterého doslo k redukci az na 2n = 30. U tohoto druhu se bohuZel nepodafilo sestavit karyo-
typ, ale uvedeny pocet chromozom (2n = 30) byl pozorovan u dostate¢ného poctu metafazi,
kde bylo mozno chromozomy alespori spocitat.

Podle dostupnych udaji ma vétsina zastupcld jihoamerickych cichlid zakladni karyotyp
2n =48 (Salas a Boza, 1991, Feldberg a kol., 2003). S ohledem na zji$téné vysledky v této studii
je velmi pravdépodobné, Ze predek tribu Cichlasomatini mél také 2n = 48 chromozému. Tento
pocet je téz v souladu s praci Marescalchi (2005) a Feldberga a kol. (2003).

Ziskali jsme cytogeneticka data o jihoamerickych cichlidadch z tribu Cichlasomatini, ktera
jsme nasledné porovnavali s fylogenetickymi studiemi jinych autor(. Jaderné suspenze byly
ziskany rznymi metodami chromozomové preparace, nakapany na skla a barveny roztokem
Giemsa-Romanowski. Ziskané metafaze byly pozorovany mikroskopem a zaznamenany po-
moci digitalni kamery. Karyotypy byly sestaveny pouze z kvalitnich metafazi. Cytogeneticka
data (pocet chromozomd, karyotyp) byla nasledné zanesena na znamy fylogeneticky strom.
Ze ziskanych vysledku je pravdépodobné, ze predek tribu Cichlasomatini mél 2n = 48. Ke zmé-
né poctu chromozoma doslo minimalné pfi sedmi evoluc¢nich udalostech. Z toho jednou ke
zvyseni a Sestkrat ke snizeni poc¢tu chromozomu. Zvyseni poctu chromozom bylo pozoro-
vano ve skupiné Nannacara a Cleithracara (Cleithracara maronii 2n = 50). Ve druhé skupi-
né Bujurquina — Tahuantinsuoya — Andinoacara — Laetacara — Acaronia je patrnd tendence
k postupnému snizovani poc¢tu chromozomu. Vsechny druhy rodu Andinoacara maji 2n = 48,
druhy rod(l Bujurquina maji 2n = 44, 40 a druhy rodU Laetacara maji 2n = 44; 38 a Tahuantin-
suyoa ma 2n = 30. Ze ziskanych dat neni zatim mozné formulovat finaIni hypotézu o evoluci
karyotypu tribu Cichlasomatini.
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Blaupunktbuntbarsche (Gattung
Andinoacara) aus Kolumbien und weiteren
sudamerikanischen Landern

Zuzana Musilova*

Die Gattung Andinoacara

Obwohl die Buntbarsche der ,,rivulatus-pulcher-
Gruppe* eine eigenstindige evolutionire Linie dar-
stellen und nicht besonders nahe mit den eigentli-
chen Aequidens (zum Beispiel A. metae, A. tetra-
merus) verwandt sind, wurden sie frither dieser
Sammelgattung zugeordnet. Seit der Uberarbeitung
durch Kullander 1983 wurden sie bis vor kurzem als
wAequidens® (in Anfiihrungszeichen) bezeichnet,
um sie von jenen Arten namentlich zu trennen.

Heute werden die ,,Blaugepunkteten® in ihrer eige-
nen Gattung Andinoacara MUSILOVA, RicaN &
NovAK, 2009 gefiihrt. Der wissenschaftliche Name
der Gattung nimmt darauf Bezug, dass ihre Ver-
breitung in geologischen Zeiten durch gebirgs-
bildende Prozesse insbesondere die Auffaltung der
Anden, beeinflusst wurde.

Die Gattung Andinoacara enthilt zurzeit sieben
Arten. In Siidamerika reicht ihr Verbreitungsgebiet
von pazifischen Zufliissen in Peru und Ekuador
tiber Kolumbien sowie Venezuela bis nach Trinidad
(siehe dazu die Karten).

* Ubersetzung aus dem Englischen: Ingo Schindler

Karibik
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Pazifik f/

Kolumbien

Ecuador

Peru

/O.:’inoco
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Flisse Kolumbiens, in
denen wir Andinoacara-
Arten sammeln konnten.
1 = Rio Meta (Flusssystem
des Orinoko),

2 = Rio Magdalena,

3 = Rio Cauca,

4 = Rio Siny,

5 = Rio Atrato,

6 = Rio San Juan.

Venezuela

Orangefarbene Flachen
kennzeichnen drei kolum-
bianischen Gebirgszige:

Cordillera occidental (A),

Cordillera central (B) und
Cordillera oriental (C).

Brasilien
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Im Norden des Verbreitungsareals ist Andinoacara
coeruleopunctatus in Panama und Costa Rica zu
finden. Der siidlichste Fundort von Andinoacara
stalsbergi (bisher als ,,dequidens* sp. ,,Silber-
saum* bekannt, vgl. Musilova, Schindler & Staeck
2009) befindet sich an der Pazifikkiiste Perus
etwas stidlich von Lima. In Ekuador leben An-
dinoacara rivulatus (A. sp. ,,Goldsaum®) und
Andinoacara sapayensis. Nordlich davon sind in
Kolumbien mit Andinoacara biseriatus, A. lati-
fronms, A. coeruleopunctatus und Andinoacara pul-
cher (letzterer auch in Venezuela vorkommend)
weitere vier Andinoacara-Arten verbreitet.

Daneben gibt es in Venezuela noch zwei unbe-
schriebene Arten. Das sind 4. sp. ,,Maracaibo* aus
den Zufliissen des Maracaibosees (nach Schultz
1949 auch im See selbst) und 4. sp. ,,Orinoco™ aus

dem mittleren Flusssystem des Orinoko. Von der
zuletzt genannten Form habe ich Importfische in
Deutschland im Zoofachhandel als ,,dequidens* sp.
,»Rio Cuchivero* und als ,, 4“. sp. ,,Rio Chirgua“
erhalten. Beide Bezeichnungen nehmen Bezug auf
zwei Fliisse in Venezuela. Diese Fische sind unge-
wohnlich dunkel getont. Ihre schwirzliche Farbung
wird wihrend des Ablaichens noch intensiver, so
dass die Querbalkenzeichnung dann nicht mehr er-
kennbar ist. Die Fische besitzen eine Vielzahl klei-
ner, irisierender Piinktchen. Diese Merkmale unter-
scheiden sie von Andinoacara pulcher, der vermut-
lich ndchstverwandten Art, die deutlich weniger
dieser glitzernden Piinktchen besitzt.

Unser Projekt hatte zum Ziel, Exemplare der ver-
schiedenen Andinoacara-Arten aus allen Gebieten
des Verbreitungsgebietes der Gattung zu sammeln.

Verbreitung der Andinoacara-Arten. Die Verbreitungsgebiete der einzelnen Arten sind rétlich oder orange gefdrbt.
Dunkle Linien vor den Artnamen geben die phylogenetischen (evolutiondren) Verwandtschaftsverhdltnisse wieder;
A = A.-pulcher-Gruppe, B = A.-rivulatus-Gruppe. Die evolutionére Verwandtschaft wurde mittels DNS-Sequenzen
erstellt. Die Verbreitung von A. sp. ,,Orinoco” ist noch nicht vollsténdig bekannt. Stawikowski & Werner (1998)
betrachten A. sp. ,,Orinoco” als eine in Venezuela weit verbreiteten Form, wéhrend ich hier unter A. sp. ,,Orinoco*
ausschlieBlich die dunkel gefdrbte Form verstehe, die nur von wenigen Fundorten bekannt ist (vergleiche dazu die

Fotos von A. sp. ,,Orinoco“ auf Seite 100).

A

A. coeruleopunctatus

B)
A. biseriatus

A. sapayensis
A. rivulatus

A. stalsbergi
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Aus dem Maracaibosee
und einigen seiner Zuflisse
im Westen Venezuelas
(nahe der Grenze zu
Kolumbien) stammt
Andinoacara sp.
»Maracaibo“.

Weibchen von Andinoacara
sp. ,,Orinoco“. Diese wahr-
scheinlich noch unbeschrie-
bene Art gehort zur
Andinoacara-pulcher-
Gruppe.

Andionoacra sapayensis
aus dem Westen Ekuadors
(Rio Cayapas, nahe dem
Rio Sapayo, der Typus-
lokalitdt der Art)
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Andinoacara stalsbergi
(ehemals bekannt als
»Aequidens® sp. ,,Silber-
saum®) aus Nordperu (Rio
Jequetepeque).

Dieses Exemplar zeigt
einen intensiven Schwarz-
Weiss-Kontrast im Rand
der Riucken- und der
Schwanzflosse.

Unten:

Andinoacara rivulatus aus
dem Sudwesten Ekuadors.
Innerhalb einer Population
kommen Exemplare mit
orange oder weiB gefdrben
Flosssenrdndern vor.

Dabei stand Kolumbien im Mittelpunkt, da es das
Zentrum des Verbreitungsareals darstellt. Wihrend
unserer Feldarbeiten konnten wir Fische in Kolum-
bien, Ekuador und Peru sammeln. Bis auf Andino-
acara coeruleopunctatus wurden dabei Exemplare
samtlicher Andinoacara-Arten gefangen. Es ist je-
doch zu beriicksichtigen, dass die Variabilitit
innerhalb der Arten aus der pulcher-Gruppe (insbe-
sondere bei Andinoacara pulcher, Andinoacara
latifrons und Andinoacara coeruleopunctatus) noch
nicht vollstindig dokumentiert ist.

Rio Magdalena:

Der groBte Strom Kolumbiens

Im Februar 2009 starteten wir unsere Feldarbeiten
in Kolumbien, wo wir verschiedene Fundorte auf-
suchen wollten. Unser Plan war es, am Rio Magda-
lena zu beginnen, um dann weiter zum Rio Cauca
und anschlieBend zum Rio Sind im Nordwesten
Kolumbiens zu fahren. Diese Region gehort zu den
am dichtesten bevolkerten und sich am schnellsten
entwickelnden Gegenden Kolumbiens. Der Rio
Magdalena ist der grofite Fluss des Landes. Von
dort war bisher nur 4. latifrons bekannt. Wir konn-

DCG-Informationen 41 (5): 98-108



Dieser Andinoacara rivula-
tus mit weiBen Flossen-
réndern stammt aus der
gleichen Population wie
das Exemplar auf Seite 101.

Als Andinoacara coeruleo-
punctatus wurden auf einer
Messe in Duisburg die fol-
genden beiden Fische
angeboten. Leider konnte
nur in Erfahrungen ge-
bracht werden, dass es sich
dabei um deutsche Nach-
zuchten handelt.
Informationen zur Herkunft
der Elternfische waren
nicht zu erhalten.

Andinoacara coeruleopunc-
tatus aus dem Sortiment
von Zoo Zajac

Jungfisch wie er von Hobby
Zoo Tillmann angeboten
wurde.
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Andinoacara pulcher aus
dem Rio Cauca (ein Neben-
fluss des Rio Magdalena).
Die Fische @hneln A. pul-
cher aus dem Rio SinV and
dem unteren Rio
Magdalena.

Unten:

Andinoacara pulcher
wurde im Rio Cesar in der
Nahe des Ortes Valledupar
mit dem Schleppnetz ge-
fangen. Im Bild zwei weite-
re Teilnehmer an der
»Andinoacara-Expedition*:
Petr Jansta and Ondrej
Gahura

ten jedoch im mittleren und unteren Flussabschnitt
auch 4. pulcher nachweisen. Allerdings sind die
Unterscheidung und Abgrenzung bei diesen beiden
Spezies noch nicht ausreichend geklirt.

Wir sammelten in kleinen Béichen, die wir zuvor in
detailreichen Karten ausfindig machten, um dann
mit offentlichen Verkehrsmitteln dort hinzufahren.
Uberraschenderweise funktionierte dies gut, und
wir waren beim Fang der Blaupunkt-Buntbarsche
sehr erfolgreich. Im System des Rio Magdalena
hatten die Béche klares Wasser und sandigen

Bodengrund. Es war daher leicht die Fische bereits
aus der Distanz zu beobachten. Der Fang war aber
umso schwieriger, da uns die Tiere natiirlich auch
ausmachen konnten. Wir verwendeten Wurf-,
Hand- und Zugnetze. In den Klarwasserbiachen ge-
lang es mit dem Wurfnetz jedoch nur bei Nacht
Fische zu erbeuten. Wihrend des Tages verwende-
ten wir das Zugnetz. Wenn zwei Personen gut zu-
sammenarbeiten und das Netz durch den Bach zum
Ufer ziehen, um es dann vorsichtig zu schliefen,
haben die Fische keine Fluchtméglichkeit.
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Im Bereich des unteren Rio Magdalena leben An-
dinoacara auch in triiben Bichen und in kiinstlich
angelegten Teichen. Obwohl wir meist kleine
Biéche auswihlten, hatten wir auch Erfolge beim
Fang in den Fliissen zu verzeichnen, so zum Bei-
spiel im etwa zehn Meter breiten Rio Cesar in
Nordkolumbien. In einigen Biotopen konnten wir
auch andere Cichliden (zum Beispiel ,,Geophagus
steindachneri) und auch einige Loricariiden (unter
anderem Sturisoma aureum) sammeln.

Die Blaupunkt-Buntbarsche scheinen in dieser
Gegend, was die Wasserqualitidt betrifft, nicht
besonders wihlerisch zu sein. An einem Tag fingen
wir in der kleinen Stadt Namens Cereté, die am Rio

Dieser Geophagus stein-
dachneri wurde nahe
Valledupar im Rio Cesar
(Nordkolumbien) gefangen.

Unten:

Sturisoma aureum aus dem
Rio Siny, im Dorf Cereté,
Nordwestkolumbien

Sind im nordwestlichen Kolumbien liegt. Unter
einer Briicke im Zentrum gab es einen kleinen
Bach, der iiber und iiber mit Miill und alten Reifen
verschmutzt war. Es stank fiirchterlich. Trotzdem
waren dort zahlreiche Andinoacara und Sturisoma
zu finden, und so wurde dieser Fangtag - was die
erbeutete Individuenzahl betrifft - der erfolgreich-
ste unserer Reise.

Genetisch betrachtet sind die Fische aus dem Sinu
und dem Magdalena (einschlieBlich Caucd) fast
identisch. Dies konnte ein Hinweis darauf sein,
dass ein Austausch zwischen den Faunen des Rio
Sinud und des unteren Rio Magdalena besteht.

104
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Andinoacara pulcher aus
dem mittleren Rio
Magdalena

Andinoacara pulcher aus
den Zuflissen des unteren
Rio Sinu. Dieser Fisch zeigt
viele Glanzpunkte und eine
orange gesdumte Ricken-
flosse. Er ahnelt damit den
Exemplaren aus dem unte-
ren Rio Magdalena and Rio
Cauca.

Andinoacara pulcher aus
dem Rio Meta (einem
Nebenfluss des Rio
Orinoco) in Kolumbien.
Der Fisch besitzt rote
Augen und zeigt nur weni-
ge Glanzpunkte und
Streifen auf dem Korper.
Er sieht Andinoacara pul-
cher aus Venezuela sehr
dhnlich.
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Provinz Chocé auf der pazifischen Seite
der Anden

Eines der wichtigsten Ziele unserer Reise war
schlieBlich die Provinz Choc6 auf der pazifischen
Seite der Anden. In den dortigen Fliissen Atrato,
Batido und San Juan konnten wir zwei verschiede-
ne Andinoacara finden: Andinoacara biseriatus ist
ausschlieBlich dort verbreitet. Aulerdem lebt in
dem Gebiet aber auch noch eine Art aus der A. pul-
cher-Gruppe. Es gibt ferner Berichte sowohl iiber
das Vorkommen von A. latifrons als auch iiber das
von A. coeruleopunctatus in Chocé. Allerdings ist

106

Andinoacara cf. puicher
aus dem oberen Rio
Magdalena.

Dieser Fisch weist einen
schwarz-weien Rand in
der Riucken- und After-
flosse auf.

Diese Zeichnung kann auch
bei A. coeruleopunctatus
und einigen Arten der
Gattung Bujurquina gefun-
den werden.

Unten:

Eine Tute voller Andino-
acara pulcher aus dem Rio
Sin0, Kolumbien

solchen AuBerungen mit Vorsicht zu begegnen,
weil es Unklarheiten in der Bestimmung der betref-
fenden Exemplare gibt. Wir sammelten einige
Fische im Rio Atrato und im Rio San Juan. Beide
Formen unterscheiden sich von 4. coeruleopuncta-
tus aus Panama als auch von A. latifrons aus dem
oberen Rio Magdalena. Auf der Grundlage von
DNS-Daten zeigte sich im Nachhinein, dass die
Fische aus dem Choc6 den A. latifrons aus dem Rio
Magdalena sehr dhnlich sind. Dies muss aber noch
durch weitere Untersuchungen iiberpriift werden.
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Die Provinz Chocé weist einige Besonderheiten
auf. Sie ist flichenmiBig die grofte an der Pazifik-
kiiste Kolumbiens und wegen der geografischen
Gegebenheiten (Ausldufer der Anden im Westen
und Pazifik im Osten) durch ein ausgesprochen
feuchtes Klima geprigt (tatsdchlich befindet sich
hier der regenreichste Ort der Welt). Dieser Teil
Kolumbiens gehort zu den drmsten Gegenden und
ist wirtschaftlich unterentwickelt. Es ist eine poli-
tisch unsichere und wegen der kriegerischen
Aktivitdten der Guerillas gefdhrliche Region. Es
gibt nur zwei iiber weite Teile unbefestigte Stralen,
die die Provinz durchqueren. Fiir die nur 200
Kilometer lange Strecke von Medellin nach
Quibdd, der Hauptstadt von Choc6, benotigen die
Busse fast 16 Stunden. Im Februar 2009 war eine
dieser Straen gesperrt, weil eine Bus die
Boschung hinunter in den Fluss gestiirzt war und
dabei Teile der Strae beschédigte. Da die andere
Strafe deshalb die einzige Verbindung des Chocé
mit dem Rest der Welt war, wurde sie ungew6hn-
lich stark frequentiert. Busse, Tanklastwagen und
Transporter, die Benzin und Waren hin und wieder
zuriick bringen, machten die Strecke zu einer stark
befahrenen Strafle.

Jungfisch einer noch unbeschriebenen Andinoacara-
Art aus dem Rio San Juan in Kolumbien. Die Art ge-
hért zur A.-pulcher-Gruppe.

DCG-Informationen 41 (5): 98-108

Der iiberwiegende Teil im Chocé ansidssigen
Bevolkerung ist afrikanischer Abstammung. Aber
auch einige indianische Stimme leben dort.
Obwohl nur 200 Kilometer von Medellin entfernt,
verirren sich Touristen nur sehr selten in diese
Gegend, die so wirkt, als wére man in einer vollig
anderen Welt.

Wir begannen unseren Fischfangtag in einem klei-
nen Dorf am so genannten Playa de Oro (= Gold-
strand) am Ufer des Rio San Juan. Das regenreiche
Wetter hatte dafiir gesorgt, dass die Gewdsser
anstiegen und iiber die Ufer traten. Uberall gab es
jedoch kleine Lagunen und schmale Biche, so dass
es uns moglich war, in diesen kleinen Gewissern
Fische zu fangen. Als es fiir eine Weile authorte zu
regnen, salen wir am Ufer eines kleinen Weihers.
Es dauerte nur wenige Minuten, bis die ersten
Andinoacara heran schwammen, um uns zu beob-
achten. Wihrend des Tages war es schwierig, mit
dem Wurfnetz zu fangen, weil die vorsichtigen
Fische sofort verschwanden, wenn wir auch nur die
kleinste Bewegung mit dem Netz machten. Als der
Regen wieder losging, hatten wir mit dem Wurf-
netz besseren Erfolg, da uns die Fische nun nicht
mehr ausmachen konnten. An den Stellen, an
denen wir die Andinoacara zuvor gesehen hatten,
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warfen wir das Netz hinein. Auf diese Weise gelang
es uns, vier Andinoacara cf. latifrons zu fangen
(von Einigen auch als 4. sp. ,,Chocé™ bezeichnet).

Danach zogen wir weiter zum oberen Rio Atrato.
Beim Dorf Certegui konnten wir im dortigen klei-
nen Bach neben A. cf. latifrons auch den in Chocé
endemischen A. biseriatus fangen. Der Bach form-
te an einer Stelle eine kleine Ausbuchtung mit einer
Fldache von zwei bis drei Quadratmeter. Dort fisch-
ten wir am Ufer mit schnellen Ziigen unserer
Handkescher in kolkartigen Vertiefungen, in wel-
che die Fische sofort gefliichtet waren, als wir das
Gewiisser betraten. Es gelang uns zehn Exemplare
zu fangen, bevor ein heftiger Regen begann. Der
Wasserstand stieg schnell an, und so mussten wir
den Fundort verlassen. Aber zum Gliick hatten wir
das Hauptziel unseres Projektes erreicht: Wir hat-
ten die Fische aus Choc6 gefangen!

Wenn ich die verfiigbare Literatur und Informa-
tionen (Glaser et al. 1996; Stawikowski & Werner
1998) vergleiche, bin ich mir iiber die Bestimmung
der Andinoacara-Arten immer noch nicht sicher,
denn einige Arten sind in den Originalbeschrei-
bungen nur mangelhaft definiert. Ich hoffe daher,
dass ich in nidchster Zeit an einer detaillierten
Revision dieser interessanten Gattung arbeiten
kann.
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Dieses Projekt wurde freundlicherweise durch den
Cichliden-Forderpreis 2008 der Deutschen Cich-
liden-Gesellschaft (DCG), Expedicni fond und
GAUK der Tschechischen Republik unterstiitzt.
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Akara potocni (Andinoacara rivulatus)
a jeji pribuzni z Peru, Ekvadoru a Kolumbie

g

Dospély samec akary potoc¢ni (Andinoacara rivulatus) chovatele z Duisburgu, jedinec s bilymi lemy

Vseobecné zndma a mezi
akvaristy velmi oblibena
akara potocni (drive
‘Aequidens’ rivulatus)
dostala nedavno nové

rodové jméno Andinoacara.
Byla tak konecné zavriena

mala ¢ast vyzkumu
zapeklité evoluce
jihoamerickych cichlid.

Kdo by neznal ,rivulata”

Rodové jméno Aequidens pftislusi
Lpravym” akaram, jako jsou akara
kolumbijskad (Aequidens metae) nebo
akara sedlova (Aequidens tetramerus).
Kvali taxonomickym nejasnostem byly
do tohoto rodu dfive fazeny i nepfibuz-
né druhy, coz byl pravé pripad akary
potocni (Andinoacara rivulatus) nebo
akary modré (Andinoacara pulcher)
a jejich pfibuznych. Do rodu Andinoa-
cara patfi celkem sedm platnych druh,

z nichZ nejznaméjsi dva (akara potoc¢ni
a modrd) znéa skoro kazdy akvarista.Nej-
novejsim z této sedmicky je druh Andi-
noacara stalsbergi, védecky popsany
teprve vioni. Jde o rybu, ktera se kdysi
v 80. letech minulého stoleti dostala do
evropskych akvarif (véetné ceskych), aby
z nich pak zase vymizela. Pamétnikiim
mozna z té doby utkvélo v mysli jeji
obchodni jméno ,Silbersaum”. Je to
akara velmi podobna akafe potocni
(Andinoacara rivulatus), od niz se vsak

aquarystik 2/2010
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na prvni pohled odliSuje vzorem zbarve-
ni Supin a bilou barvou lemd hibetni
a ocasni ploutve (odtud pravé némecky
nazev ,Silbersaum” = stfibrny lem).
Jenomze se zda, Ze v3e neni tak jedno-
duché, jak to vypadalo plvodné.

~Rivulat” neni ,rivulat”?

UZ néjakou dobu se zejména
z Némecka ozyvaji kritické hlasy, ze pra-
vou akaru poto¢ni (Andinoacara rivula-
tus) vlastné nikdo poradné nevidél,
ackoliv se obcas — velmi vzacné — objevi
u néjakého zaniceného (némeckého)
akvaristy. A to, co kupujeme, chovame
a prodavame, je pry jiny, védecky nepo-
psany druh, jenz by se mél oznacovat
Andinoacara sp. ,Goldsaum” (opét
némecky: ,zlaty lem”). Ne, nezahazujte
ted tento casopis, nic z toho si zatim
nenf tfeba pamatovat. Ale poslechnéte
si kratkou historii o tom, jak mUze byt
nékdy tézké zjistit pravdu.

Ve hie tedy mame tfi ryby: 1. ,Silber-
saum” — nové popsany druh Andinoa-
cara stalsberqgi; 2. akara potocni zndma
z akvarii- ,rivulat” nebo néco jako
Andinoacara sp. , Goldsaum”; 3. hypo-
teticky , pravy” druh Andinoacara rivu-
latus. Zatimco prvni dvé ryby jsou jasné
definovany a navzajem odlisitelné, najit
informace o rybé ¢. 3 je obtizné. Védec-
ky v3ak zatim existuji pouze prvni dva
druhy, pficemz védecké jméno Andino-

acara rivulatus zatim nalezi formé se
zlatymi lemy ploutvi (,Goldsaum™),
Cesky akara potocni.

Jak je pozname
- rozdily ve zbarveni

Hlavni rozdily mezi akarou potoc¢ni
(Andinoacara rivulatus) a druhem
Andinoacara stalsbergi je v kresbé na
Supinach: akara potocni ma Supiny per-
letové modrozelené po vétsiné plochy,
s tmavou kulatou skvrnou uprostred
a na zadnim konci Supiny. U dospélych
samcU Ize na téle pozorovat jednolitou
perletovou plochu s cernymi skvrnami
nebo pravidelné podélné perletové
pruhy az pravouhlou mfizku. U druhu
Andinoacara stalsbergi je tento vzor
zbarveni viceméné obracené: Supiny
maji perletovou skvrnu (byt velkou)
v plose uprostfed a u okraje Supiny
(nékdy muze byt pfitomen jesté jemny
tmavy lem na Uplném okraji Supiny).
Plosné zbarveni ryby je pak tmavé s per-
letovymi skvrnami, které jsou oddélené,
pfipadné jsou vyskladané stfidavé jako
tasky na stfese a netvofi nikdy souvislé
pruhy. Nejlépe je rozdil viditelny na foto-
grafiich. Dalsim rozlisovacim znakem je
pak zbarveni lem0 ploutvi, kdy u akary
poto¢ni je lem vétsinou (!) oranzovy,
pricemz u samcl na ocasni ploutvi mdze
byt velmi silny. U druhu A. stalsbergi je
zbarveni lemU vzdy (1) bilé a lemy jsou

Typicka akara poto¢ni (Andinoacara rivulatus), jak ji zndme z nasich akvarii
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Akara poto¢ni (Andinoacara rivulatus) s prechodnym zbarvenim lemu — v ocasni ploutvi a zadni ¢asti hibetni ploutve je lem
oranzovy, zatimco predni ¢ast hibetni ploutve ma bily lem

Andinoacara sapayensis ze severozapadniho Ekvadoru je mnohem vzacnéjsi druh nez Andinoacara rivulatus a Andinoacara
stalsbergi

aquarystik 2/2010
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Akara poto¢ni (Andinoacara rivulatus) odchycend v Ekvadoru — jedinec s typickym oranzovym zbarvenim ploutevnich lemu

tenké. Casto je bily lem jesté na své
vnitinf strané doprovdzen tenkym cer-
nym prouzkem, ktery ho oddéluje od
ostatni ploutve. Povsimnéte si, prosim,
Ze oranzova barva lemd u akary potocni
(Andinoacara rivulatus) neni ve 100 %
pripadd: existuji i jedinci s bilou barvou
lem0, a to jak v pfirodé, tak i v akvariich,
nicméné bild barva je u tohoto druhu
mnohem vzacnéjsi. Navic lemy nemusi
byt vzdy tak tenké a nikdy nemaji na
strané k télu cernou linku. Zminuji zde
barvu lemu také proto, Ze uz pdr hodin
po zverejnéni védeckého popisu Andino-
acara stalsbergi zacali néktefi lidé na
internetu oznacovat fotografie akar
potocnich (Andinoacara rivulatus) s bily-
mi lemy chybné jako novy druh Andino-
acara stalsbergi.

Trocha biogeografie

Akara poto¢ni (Andinoacara rivulatus)
Zije na pacifické strané And v Jizni Ame-
rice, konkrétné v Ekvadoru. Jeji nejblizsi
pfibuzna, nové popsand akara Andino-
acara stalsbergi,se vyskytuje jiznéji,
v Peru. Aredly rozsifeni obou druhd se
neprekryvaji, ale je mezi nimi hranice,

aquargstik 2/2010

kterd se viceméné shoduje se statni hra-
nici mezi Peru a Ekvadorem (viz mapa).
Andinoacara rivulatus a Andinoacara
stalsbergi jsou dva sesterské druhy
(tj. nejpfibuznéjsi), ale do skupiny k nim

patfi jesté dva vzacné druhy — Andinoa-
cara sapayensis z Ekvadoru a Andinoa-
cara biseriatus z Kolumbie. Oba se
v minulosti sporadicky objevovaly
v akvariich.

Lokalita akar potoc¢nich (Andinoacara rivulatus) ve stfednim Ekvadoru — odpadni stoka;
zjevné nejde o pfilis ndro¢né ryby na kvalitu vody
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V loriském roce popsali Musilova, Schindler a Staeck akary zndmé mezi akvaristy pod
oznacenim ,Silbersaum” jako novy druh Andinoacara stalsbergi — na snimku dospéla
samice odchycena v pfirodé v Peru; od pfibuzné akary potocni se lisi napf. rozdilnym
zbarvenim Supin a pfitomnosti tenkého ¢erného prouzku doprovézejiciho na vnitini
strané bily lem v ocasni a hrbetni ploutvi

Mapa rozsifeni nékterych zastupcua
rodu Andinoacara. Graf vlevo

od nazvl jednotlivych druhd
znazornuje jejich evolu¢ni
pfibuznost, tj. Andinoacara
rivulatus a Andinoacara stalsbergi
jsou sesterské (nejpribuznéjsi)
druhy a do jejich pribuzenstva

pak patfi druhy dalsi

Vratme se nyni k hypotetickému , pra-
vému rivulatovi”, coz by mél byt jiny
druh podobné akary. Podle stranek nor-
ského akvaristy Alfa Stalsberga (na
jehoZ pocest byl mimochodem védecky
pojmenovan . Silbersaum”  jako
A. stalsbergi) i podle stranek americké-
ho exportéra ryb Jeffa Rappse jde vzdy
o rybu tmavéji zbarvenou s bilymi lemy,
ale s rGznym barevnym vzorem supin,
jednou jako u ,Goldsauma” (Stals-
berg), podruhé naopak spiSe jako
u ,Silbersauma” (Rapps). Nékteré foto-
grafie téchto ,pravych rivulatd” jsou
vdak zcela urcité prerostli samci vzacnéj-
sich ,Goldsaumd” s bilymi lemy nebo
. Silbersaum(”. Problém s touto rybou
spocivd mimo jiné i v nedostatku infor-
maci o jejim pdvodu. Zatimco ,Silber-
saum” (Andinoacara stalsbergi) ma
jasné definovany aredl (Peru — feky
tekouci do Pacifiku), zbylé dva
druhy/formy maji zit v Ekvadoru, ale
bliz8i vymezeni jejich arealu chybi.

Expedice za odpovédi

Vypravili jsme se do Ekvadoru na jare
2009 zjistit na vlastni oci, jak to tedy je.
Ve stejnou dobu vyrazil na expedici
i kolega OldFich Ri¢an a dohromady jsme
nezdvisle na sobé nalovili ryby na vice
nez 50 lokalitach, pokryvajicich cely
aredl vyskytu téchto druhl. Po celém
Ekvadoru jsme nalovili pouze akaru

aquargstik 2/2010
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poto¢ni, kterou zndme z akvarii,
tj. formu Andinoacara sp. , Goldsaum”.
Kromé toho jsme ale také oba chytili
mnohem vzacnéjsi druh Andinoacara
sapayensis, ktery Zije pouze na malém
Uzemi Ekvadoru (viz mapa). Vznika
proto otdzka, zda néktefi akvaristé ces-
tujici do Ekvadoru za rybami nepovazuiji
prdvé tento vzacny druh za ,pravého
rivulata”?!? A opét pfipojim poznamku,
Ze druh Andinoacara sapayensis byl také
udajné v evropskych akvariich v 80.
letech chovédn, nicméné podle nékolika
existujicich fotografii z té doby 3lo spise
o néjakého prislusnika skupiny modrych
akar (komplex Andinoacara pulcher).

Tfi mozna vysvétleni

Situace, kterou jsme si popsali v pfed-
chozich odstavcich, ma tfi alternativni
vysvétlent:

1. V Ekvadoru Ziji pouze dva druhy
rodu Andinoacara. Jeden je rozsifen po
celém Uzemi a je to ona zndma oranzo-
volemd akara potoc¢ni (Andinoacara
rivulatus, oznaCovana také jako Andi-
noacara sp. ,,Goldsaum”). Druhy druh
je vzacnéjsi Andinoacara sapayensis
a nékteff akvaristé jej mylné povazuji za
.pravy” Andinoacara rivulatus.

2.V Ekvadoru ziji tfi druhy rodu Andi-
noacara: Andinoacara sapayensis,
Andinoacara sp. ,Goldsaum” a tajem-

Andinoacara biseriatus ze zapadni Kolumbie vynikd krasnym zbarvenim, presto se
mezi akvaristy objevila v minulosti jenom vzacné

ny Andinoacara rivulatus. Ani jedna
z nasich expedic ,pravého rivulata”
neodhalila, ackoliv jsme lovili i na loka-
litdch jeho udajného vyskytu.

3.V Ekvadoru Zijf tfi druhy rodu Andi-
noacara: Andinoacara sapayensis,
Andinoacara sp. ,Goldsaum” a tajem-
ny Andinoacara rivulatus. To, co pova-
Zujeme my za Andinoacara sapayensis,
je ve skute¢nosti ,pravy” Andinoacara
rivulatus, zatimco Andinoacara sapay-

Lokalita Andinoacara stalsbergi mezi ryZzovymi poli v povodi feky Jequetepeque

v severnim Peru

aquargstik 2/2010

ensis je jeSté jind ryba, kterou jsme
nechytili.

Osobné se priklanim k hypotéze ¢. 1,
ale pro definitivni zjisténi, kterd z moz-
nostf je pravdiva bude nutné ponofit se
do plvodnich pramen(, zejména do
popist druhl, a zjistit, jaké konkrétnf
ryby vlastné tehdy autofi popisovali.
Nebude to jednoduché, vétsina popist
téchto ryb pochdzi z konce 19. stoleti
a nékdy obsahuje pouze par radkad
textu bez vyobrazeni ryby a presnéjsiho
uvedeni lokality. Kazdopadné si tim
zatim nemusime ldmat hlavu, nazyve-
jme naseho ,rivuldta” zatim porad
Andinoacara rivulatus a pockejme, ¢im
nas véda zase prekvapi.

Akvaristé

a védecky vyzkum
Akvaristé mohou casto pomoci
védeckému vyzkumu mnoha
unikatnimi pozorovanimi. Ma-li
nékdo ze Ctenarl jakoukoliv uzi-
te¢nou informaci tykajici se
druh@ rodu Andinoacara, budu
velmi rada, kdyz se mi ozve na e-
mail zuzmus@email.cz. Zvlasté
by mi pomohly dobové fotogra-
fie druhu Andinoacara sapayen-
sis, ptipadné jakychkoliv , podiv-
nych rivulata”.

1
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Ichtyologie

Kdyz jsem pred ¢asem
promyslela, co vSechno
napsat do cldnku o
akardch, napadla mé
nejprve otdzka:, Které
ryby jsou akary a které
ne?“Je totiz vseobecné
zndmo, Ze systematickd
situace uvniti americké
vétve cichlid je
nesmirné sloZitd a
prochdzi neustdlym
vyvojem. Akarami jsou
bezpochyby vsechny
druhy, které drive
ndlezely do sbérného
rodu Aequidens. Tento
rod byl vsak postupné
rozdélen do nékolika
rodti novych, ato tak,
aby situace co nejlépe
odpovidala soucasnym
znalostem o skutecné
pribuznosti ryb. Dnesni
rod Aequidens tedy
obsahuje jen cdst druhti
Fazenych do néj v pojeti
predchozim a jako
akary oznacujeme i
ryby rodii jinych.

Aequidens tubicen (ZM)

Maly vylet do systematiky
Rozdglovini ,akar probihalo
od 80. let, a to do rodi Lae-
tacara, Cleithracara, Krobia
a méné znamych Bujurquina
a Tabuantinsuyoa. V rodu
Aequidens zistalo dnes kolem
16 druht.

Neékolik druhti, mezi
nimiz jsou i ,akary* notoric-
ky zndmé a mezi chovateli
bézné, jaksi zbylo a systema-
tické zafazeni pro né zatim

8 | akva tera forum « 2/2006

Nazvoslovi a chov v akvariu

Akary - co jsou vlastne zac?

Zuzana Musilova

Foto: Zuzana Musilova (ZM), Jaroslav Elias (JE), Dieter Hohl (DH) a Jindfich Novak (JN)

‘Aequidens’ rivulatus, samec (DH)
Cichlasoma bimaculatum z importu (ZM)
Aequidens chimantanus (DH)

nemdme. Jejich prozatimni
rodovy nézev je "Aequidens’
(v jednoduchych uvozovkach)
a tvoi{ tii skupiny. Jde o
skupinu kolem akary modré
(‘Aequidens” pulcher), akary

potoéni (“Aequidens” rivulatus)
a skupinu kolem Aequidens
hoebnei.

sbérny rod Cichlasoma, k né-
muz se vize tradi¢ni cesky

ndzev kancik a ktery pavodné
sdruzoval jak stfedoamerické,
tak i jihoamerické ryby. Zmé-
ny v systematice zde neustéle
probihaji a za posledni roky
bylo ustanoveno vice nez 20



novych rodu, pfedevsim u
druhu ze Stfedni Ameriky.

S nezatazenymi druhy, ¢

s druhy ¢ekajicimi na rodové
jméno se pak zachdzi podob-
né jako u akar — pouzivi se
‘Cichlasoma’ v uvozovkich
jako pfechodné feseni. Tzv.
pravych cichlasom (bez
uvozovek) potom zbyl jen
zlomek z pivodniho poétu
druhu — dnes jich napocitime
dvandct a najdeme je pouze
v Jizni Americe.

Co je nejdulezitéjsim za-
vérem naznalenych pfesunti?
Aequidens rovnd se akara,
Cichlasoma rovni se kandik,
tak hovoii tradice. Jenze to
dnes jiz neplati. Vznikla ndm
zde totiz paradoxni situace.

Cesky nazev akara pFislusf rodu Ae-
quidens a po jeho rozpadu i dalSim
vyse zminénym rodiim (Krobia, Bu-
jurquina, Tahuantinsuyoa, Laetacara,
(leithracara).

Pravé cichlasomy maji s dne3nimi
kandiky (tj. hlavné se stfedoameric-
kymi druhy, dnes jiZ klasifikovanymi
v jinych rodech, i prozatimné jako
“Cichlasoma’ v uvozovkach) jen
malo spolecného. Rod Cichlasoma
(bez uvozovek) je, jak se zdd, nejpfi-
buznéjsi pravé aequidenstim! Prava
(ichlasoma nemize proto ziistat
Cesky kancikem, ale spravné by
méla byt nazvana také akarou! V3ak
také klasickd akvarijni ryba nasich
dédeckh Aequidens portalegrensis,
dnes pojmenovand jako Cichlasoma
portalegrensis, je toho diikazem.

Jen pro uplnost jesté mu-
sim zminit z piibuzenstva
akar rod Acaronia, o jehoz

Aequidens cf. tetramerus,
importované ryby (JN)

¥

Aequidens diadema, vzrostly jedinec zimportu (ZM)

spravné zafazeni se vedou
spory a ktery byva zafazovin
nékdy pravé k akardm a jindy
zase blize perletovkdm do
podéeledi Geophaginae. A
jesté nesmime zapomenout
na rod Nannacara, kterému
nalez{ Cesky ndzev akarka. Ale
zanechme jiZ systematiky.

Chov v akvariu

Chovat akary, ve smyslu udr-
Zet je nazivu v dobré kondici,
neni nic tézkého. Kromé
drobnych rodt Nannacara a
Laetacara jde vétsinou o vétsi
ryby dorustajici pres 10 cm,
Casto az 15-20 cm (akara po-
to¢ni - “Aequidens” rivulatus
je nejvétsi akarou a dortstd
az 35 cm). Potravné jsou to
ryby velmi nendro¢né, v pii-
rodé neustile probiraji dno

a stravuji se v8im moznym,
co naleznou. Proto nékterym
druhim postaéi i méné kalo-
rické vlockované krmivo. Po-
chopitelné, chceme-1i akary
pravidelné mnozit, je u mno-
ha druht naopak velmi da-
lezité krmit kvalitnim Zivym
nebo alespon zmrazenym
krmenim (koméii a pakomé#i

larvy, kril). Ostatné zkuse-
nosti s chovem téchto ryb ma
snad kazdy akvarista. Nemalo
jich zacinalo s akarou modrou
a k jejich spokojenosti nebylo
obvykle obtizné dosahnout i
vytéru.

Co se tyce chovu akar ve
smyslu Gspésné je rozmnozo-
vat, miizeme u nékterych dru-
hii narazit na urcité obtiZe.
Nezanedbatelnou roli v chovu
cichlid totiz hraje jejich vyso-
ce vyvinuté socidlni chovéni,
nepfedvidatelny vybér jedno-
ho partnera a naopak pro nds
nepochopitelné odmitnuti
partnera jiného. Pro aspésny
chov je vzdy potfeba nasadit
do nddrze skupinu okolo
osmi jedincy, ve které se soci-
dlni hierarchie postupné vyviji
a partnefi maji celkem §iroky
vybér. Stavd se pomérné Casto,
ze ackoli jsou akary celkem
mirumilovné, ¢as od Casu jsou
néktefi jedinci skupiny zabiti,
¢ alespon prondsledovéni, coz
vede k vyraznému zhorseni
jejich kondice. Takové cho-
véni nelze prili§ pfedpovidat.
K incidentu mize dojit u
skupiny, kterd spolu klidné

Ichtyologie

Zije jiz nékolik mésica. Ma-
me-li velkou nadrz, je celkem
vyhodné umistit nékolik dru-
ha dohromady, agresivita se
pak obvykle roztfisti.

Primét akary k vytéru je
né. Pokud se jiz par vybral,
téméf vzdy pomize jeho
oddéleni do samostatného
akviria. Casto je totiz vytér
ve spole¢né nddrzi dle ndzoru
rodi¢i nemozny a nebezped-
ny. Pokud pfece jen k vytieni
dojde, ¢asto nésleduje sezrani
jiker vlastnimi rodidi, jeli-
koz ti jsou neustdle ruseni a
neschopni pak déle udrzet
obhajované teritorium.

Vytér akar probihd na pev-
ny podklad, ktery je pfedem
odistén. Muze to byt plochy
kdmen nebo tieba

Aequidens viridis, par - samecek
nahofte (DH)
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Ryby pfirodni populace importované jako Aequidens cf. metae, patfici
pravdépodobné k nepopsanému druhu (ZM)

keramicky kvétin¢ vlozeny
do nadrze. Neni vyjimkou ani
vytér na samotné sklo tvofici
dno nddrze. Jiker byva hodné,
u vzrostlych jedincd to mize
byt az 1000 kust v jednom

Cichlasoma portalegrense, akvarijni
populace(JN)

. g
Cichlasoma dimerus (DH)

tfeni. Kola¢ jiker potom
ochrartiuji oba rodice (rodi-
Covska rodina); jednak odhé-
néji ostatni obyvatele nddrze
od tfeciho mista — teritoria,
jednak peclivé ovivaji jikry
ploutvemi a vybiraji neoplo-
zené a zaplesnivélé jikry.
Obvykle tfeti den po vy-
tfeni se pladek vykuli a rodice
jej peclivé prenaseji do jamky
v pisku, ¢i do jiného vybrané-
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ho mista, které jim miiZe pfi-
padat bezpe¢né — naptiklad
za houbu filtru. Cel4 rodina
pak ¢asto méni své stano-
visté a pltdek byva pfitom
pfendsen i nékolikrdt denné,
minimalné viak mezi dennim
a no¢nim stanovistém. Za
dalsf tfi dny se potér rozpla-
véavi, ale zastivd nadile v péci
rodici — ti ho stdle tlamkou
piendseji, zejména pokud
chtéji zménit momentdlni
stanovi§té a nebo pokud se
mald rybka zatould nebezpeé-
né daleko od zbytku rodiny.

Je-li pér v nadrzi sdm,
stiva se, Ze Zije se svymi po-
tomky v souladu az do jejich
dospélosti. Ze spole¢né na-
drze je potom obvykle nutné
potér - pokud vydrzi az do
stadia rozplavani - pfelovit do
jiné nddrze, tedy chceme-1i jej
odchovat.

Velice zajimavou rozmno-
Zovaci strategii maji druhy
rodti Bujurquina (akvaristé
mozné znaji ob&as chovanou
B. mariae — diive zvanou Ae-
quidens mariae) a Tabuantin-
suyoa. Jsou to totiz tzv. larvo-

Rybi provincie Jizni Ameriky: 1 =
Amazonie, 2 = povodi Orinoka, 3 =
feky Guyanské vysociny, 4 = povodi
feky Magdalena, 5 = transandska
provincie, 6 = feky vychodniho
pobiezi Brazilie, 7 = povodi Parana;
Cerné cary = hranice statu, modré
Cary = nejdUlezitéjsi reky, cervené
¢ary = hranice rybi provincie

LUCTYTA Chov v akvariu a prehled druht

Aequidens metae, mlady jedinec, dosud bez Zlutych znakd, pochazejiciz

akvarijni populace (JN)

filni tlamovci, ktefi se uchylili

ke sbéru vylihlych embryi
do tlamky, kde je pfece jen
pro mlddata nejbezpecnéji.
Plati za to ovSem omezenym
poctem potombki, jakoz i
omezenim vlastniho pohodli
béhem noseni. Pltidek nosi

obvykle oba rodice s tim, Ze si
potomstvo pfeddvaji. Timto
zpuisobem mnoZeni trochu
pfipominaji dal§f americké
tlamovce — perletovky napt.
rodt Geophagus a Satanoperca,
kteti ovéem berou do tlamky
vesmés jiz jikry. Larvofilnim




Cichlasoma pusillum zimportu patii mezi atraktivné zbarvené zastupce rodu

(zm)

tlamovcem je pry i akara
Aequidens diadema, nicméné
tuto informaci mam ovéfenu
pouze z jednoho zdroje.

Piehled akar

1. Rod Aequidens — kolem
16 druhti a nékolik dalsich
dosud nepopsanych. Mezi
bézné chované druhy patii
akara kolumbijskd (Aequidens
metae) nebo akara Aequidens
tetramerus, z import{l z priro-
dy ¢&i zahraniénich chovii 1ze
potom obéas sehnat 4. paz-
ricki nebo A. michaeli. Akary
rodu Aequidens 7iji od severu
Jizni Ameriky, od povodi
Orinoka a Guyanské vysociny
po systém Amazonky.

2. Rod Cichlasoma — 12
druhd, z nichZ mezi akvaristy
byvaji rozsiteny Cichlasoma

dimerus a Cichlasoma porta-
legrense (znam pod Ceskym
ndzvem kancik pruhovany,
coz je oviem zavadéjici ndzev
— viz pfedchozi text). Nékteré
ostatni druhy lze sehnat pfes
importni firmy (jako napf. C.
amazonarum, C. bimaculatum
& C. pusillum). Uzemi, které
obyvaji, zahrnuje celou Jizni
Ameriku vyjma pacifického
pobiezi And (Ziji v povodi
Amazonky, Orinoka, Parani,
fek Guyanské vysociny a vy-
chodni Brazilie).

3. Skupina kolem akary
modré (‘Aequidens” pulcher)
— komplex nékolika druhii a
védecky nezhodnocenych po-
pulaci. Patii sem 4.’ coeruleo-
punctatus,a A.’ latifrons, které
jsou od sebe a od “4.” pulcher

obtizné rozlisitelné a neni ani

Cichlasoma amazonarum - importovana samicka starajici se o rozplavané
potomstvo (ZM)

IKhtyologie:

Samice Cichlasoma bimaculatum pecujici o vytér. Jeji tlama je odfena od
neustalého pretlacovani's partnerem (ZM)

jisté, zda se jednd skute¢né o
razné druhy. Dile sem patii
jesté “A". sapayensis, kterd je
také velmi podobnd. Viechny
druhy Ziji na severu Jizni
Ameriky s malym pfesahem
do Panamy.

4. Skupina kolem akary
potocni (“Aequidens” rivu-
latus). Akaru potocni lze
v Ceské republice sehnat ve
dvou ,forméch —,Orange-
saum" s oranzovym pruhem
na ocasni ploutvi a ,Rotsaum*®
s pruhem Cervenym. Zbarveni
lemu ocasni ploutve zédvisi
do zna¢né miry na krmeni,
zda tu ma vliv i dédi¢nost,
zatim neni jasné. Kromé
tohoto a dalsich dvou druht
jsou zde minimalné dvé nové
nepopsané formy ¢&i druhy,

z nichZ nejzndméjii je for-

ma zvani ,Silbersaum® (se
stfibrnym pruhem na konci
ocasni ploutve), pravdépo-
dobné nepopsany druh. Jako
jedini zdstupci akar, a jedny z
mila cichlid obecné, Ziji tyto
druhy na opaéné strané And,
nez lezi Amazonie — tedy ve
vodich pacifického pobfezi
Jizni Ameriky.

5. Aequidens” hoehnei
— samostatné vyclenény druh,
ktery Zije v povodi Amazon-

6. Rod Laetacara akva-
ristim netfeba predstavovat.
Ctyfi druhy, z nichz dva jsou
bézné chovany (L. dorsiger, L.
curviceps) a dalsi dva (L. tha-
yeri, L. flavilabris) se v b&iné
obchodni siti obéas objevi,
dopliiuji dva nepopsané druhy
- Laetacara sp.

Par Cichlasoma amazonarum z importu pecujici o potomstvo, nahore

samicka (ZM)
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Prehled rodu

»2Buckelkopf* (hrbatd hlava)
a Laetacara sp. ,Orangeflos-
sen” (= oranzové ploutve).
Béznéjsi jsou mezi akvaristy
v sousednim Némecku. Tyto
ryby obyvaji povodi Ama-

‘Aequidens’ cf. pulcher, populace
z Rio Chirgua (ZM)

‘Aequidens’ cf. pulcher, akvarijni
populace (JN)

Kfizenec "Aequidens “pulcher a
“Aequidens  rivulatus (ZM)

‘Aequidens’ sp.,Silbersaum’,
samicka (JN)

12 | akva tera férum « 2/2006

Krasny par ‘Aequidens’ rivulatus pecujici o jikry. Samice vilevo (DH)

zonky a severn{ povodi feky
Parani.

7.Rod Nannacara — pét
platnych druhu. Bézné zné-
my a chovany druh je akarka
zelend (V. anomala), vzicnéji
je chovéna N. taenia, N. au-
reocephalus, N. adoketa a N.
bimaculata. Jsou znimy také
dalsi dvé dosud nepopsané
tormy. Akarky Ziji v povodi
Amazonky a na Guyanské
vysociné.

8. Cleithracara maroni
(akara hnédé) — jediny druh
svého rodu. M4 velmi mi-
rumilovnou povahu, ¢imz
se 1i8i od ostatnich velkych
zéstupet (Aequidens, Cichla-
soma). Zije v delté¢ Orinoka
a v fekdch na Guyanské
vysocing.

9. Rod Krobia — dva dru-
hy, z nichz oba byly v minu-

losti choviny a vyjime¢né na
né lze narazit i dnes: akara
delfinova (Krobia itanyi) a
Krobia guianensis. Existuji
minimélné dalsi dvé dosud
nepopsané formy, chované
bézné v Némecku nebo
v USA. Oba druhy i viechny
formy krobii Ziji v fekdch
Guyanské vysociny.

10. Rod Bujurquina
— sedmnict druht (z toho
tfindct popsanych v 80.
letech); zndmé;jsi z akvarii
jsou B. mariae, B. vittata a B.
syspilus. Obyvaji jak povodi
Orinoka a Amazonky, tak i
feky Parand.

Akara zlata (Laetacara dorsiger)
v atraktivnim tfecim zbarveni (JE)

Akara te¢kovana (Laetacara
curviceps), samec nahore (JE)




Ichtyologie

Akara hnéda (Cleithracara maroni)
(N)

Akarka Nannacara taenia (ZM)

Akarka zelena (Nannacara anomala),

samec (JE)
11. Rod Tahuantinsuyoa
— zndmy jsou dva druhy - 7 Literatura

macantzatza a T chipi, oba
z horniho toku Amazonky,
které se obcas dostanou do
Evropy s importy. Rod 7a-
huantinsuyoa je velmi blizce
piibuzny s rodem Bujurqui-
na.

12. Rod Acaronia — po-
psany jsou dva druhy, 4. na-
ssa a A. vultuosa. Prvni z nich

Eschmeyer, W. N., 2004:
Catalog of Fishes. San Francisco,
California Academy of Sciences.
(http:/fwww.academy.org/
research/ichtyology/catalog)

Kullander, S. O., 1998: A
Phylogeny and Classification of
the South American Cichlidae
(Teleostei: Perciformes). Pp.
461-498. In: Malabarba, L.

R. et al. (Eds.) Phylogeny and
Classification of Neotropical
Fishes. Porto Alegre. Edipucrs.

Stiassny, M. L. J., 1991:
Phylogenetic intrarelationships
of the family Cichlidae: an
overview. Pp. 1 -35. In:
Keenleyside, M. H. 4. (Ed.):
Cichlid fishes: Behaviour,
ecology and evolution. London:

Chapman Hall.

Zije v Amazonii i v fekdch
Guyanské vysociny, druhy
naopak muizeme nalézt v po-
vodi Orinoka a na hornim
toku Rio Negro. 4. nassa
byva oblas dovizena.

Krobia sp.,Xingu" zimportu (ZM)
Krobia sp.,Oyapock” zimportu

z feky Oyapock na Guyanské
vysociné (ZM)
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F

Prehled rodti a Aequidens patricki

Mlada ryba druhu
Tahuantinsuyoa

macantzatza
zimportu (ZM)

Bujurquina sp.
Vsechny druhy
rodu jsou si velmi
podobné (JN)

Bujurquina
mariae, par pecujici
0 potomstvo (DH)

Mlada ryba druhu
Acaronia nassa,
kratce po prichodu
vzacné zasilky
importl z Jizni

Ameriky (ZM)

Acaras — What Sort of Fishes Are They?
The taxonomic situation is still unsatisfactorily solved in Many new genera have been described, species with sary to bring together the group of about eight individuals
Neotropical Cichlids. A lot of Acaras, classified as Aequi- uncertain systematic position are provisionally classified for sexual-choice. The parent couple forms a biparental
dens s.l. in the past, are included in genera Aequidens as “Cichlasoma” and twelve species of  true Cichlasomas” family with nearly equal roles of the male and the female.
(s.s.), Bujurquina, Tahuantinsuyoa, Krobia, Laetacara (Cichlasoma s.s.) being classed with Acaras. The position of There is one more specific strategy of breeding so called
and Cleithracara. Remaining species of unclear origin the genus Acaronia is uncertain. larvophile mouthbrooding in genus Bujurquina and Ta-
presented probably by three phylogenetical clades be- The breeding of Acaras is quite easy, but problems with huantinsuyoa. Both male and female take the hatched fry
ing mentioned as “Aequidens” (in apostrophes). Similar aggressive attacks can occure from time to time. Acaras into the mouth in last two genera mentioned above.
situation has been solved in the genus Cichlasoma (s.l.). show extremely developed social behavior and it is neces- Zuzana Musilovd

NOVé aka ra e

Aequidens patricki

Tato zajimavd jihoamerickd akara pochdzi z povodi Amazonky

Casovych divodi jsem
Z se v minulosti musel

vzdit mych oblibenych
pancéinicki a dalsich sumct

v oblasti Peru. Zije zejména v ramenech fek Aguaytia a a moje mald péstirnicka v &in-
. v ee _wev _ _ge . P ) zdkovém domé se znacéné zre-
Pachitea. Vzhledové bych ji pfiradil k podobné u nds chované dukovala, Nechtél jsem se ale
akare Aequidens metae. Moje rybky dorostly délky téla do 12 vzdit mého nejoblibenéjsiho
- _ . . , konicka a touha néjakou ryb
cm, méFeno ke koreni ocasu, a to nezdvisle na druhu pohlavi. e e
. . ., , o jednou za Cas ,ud€lat™ zvite
Dodnes jsem nenalezl jediny znak, kterym bych mohl odlisit zila. Zagal jsem hledat nové

druhy a orientoval se na méné

samce od samice (vyjimku tvori samozrejmé obdobi treni, kdyse """ A
. . . . . ) ndro¢né rybky, jako jsou Zivo-
rybky daji celkem jednoduse odlisit podle tvaru mocopohlavni  rodky, nebo pravé chovinim
: L S X & velice zajimavé cichlidy. A je-
bradavky). .R.yb{(:v jsou nendrocné, ]a{(o ostatné vsechny akary, | * ‘ako vykupee akvarijnich
pouze se mi jevi jako relativné plaché. ryb jsem nechtél nabouravat
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dobré vztahy s chovateli, od
kterych pravidelné rybky
odebirdm, a zacit chovat néco
z jejich sortimentu, musel
jsem si najit rybu, kterd na
Ceském trhu neni nebo dlou-
ho nebyla. Navic mé vzdy
velice lakaly méné obvyklé
druhy. Nalezl jsem kouzlo i
utrapy v chovu riznych druhi
a forem zivorodek a pfigel
jim i na chut. Ale stile néco
chybélo. Prosté teritoridlni
chovini cichlid a jejich dalsi
projevy jsou origindlni.

Pak jsem narazil v nabid-
kovém sortimentu na zajima-
vou a patrné u nds doposud
nechovanou hnédo-oranzo-
vou cichlidu Aequidens patric-
#i. Nevihal jsem a okamzité
si deset kouskad nechal pfivézt
z Némecka. Dovezené rybky
byly v dobrém stavu a méfily
okolo 6 cm. Vypustil jsem
je do dvousetlitrové nadrze
se zbytky neonek a dalsich
drobnych teter, se kterymi si
béhem par dnii hravé poradily
a zpravily si transportem pro-
padla bfiska.

Voda v nddrzi je neupravo-
vand prazska vodovodni — pH
slabé nad 7, celkovi tvrdost
okolo 10 °N. Pfi krmeni cyk-
lopem, hovézim srdcem, pa-
tentkami a suSenymi krmivy
1x denné a teploté 22-24 °C
rybky o¢ividné rychle rostly.
Obzvldsté dva jedinci znaéné
prertistali ostatni a stévali se
agresivnéjsimi jak vii¢i sobé,
tak hlavné k ostatnim men-
§im akardm. Ov$em jakykoli
prudsi pohyb pred akviriem

zpusobil téméf Sokovy unik

Aequidens patricki, samec s mladaty

véech ryb do riznych dutin a
jeskynék a okamzité pferuseni
Sarvitek.

Pries toto extrémné plaché
chovani se pravé dva nejvétsi
jedinci vytfeli a snisku spo-
le¢né branili pfed ostatni ob-
sadkou nédrze. Jejich plachost
po vytéru opadla jen nepa-
trné, takze rodi¢e mnohdy
snisku nakladenou na oblém
kameni Gplné opustili a vra-
celi se zpét az po dlouhych
minutich. Po nékolika dnech
vyhrabali pobliz snisky jamku
hlubokou 3-4 cm o poloméru
cca 4 cm a Cerstvé vykuleny
pladek okamzité do tohoto
mista pfemistovali. Jelikoz
jsem samotné tieni tehdy
nezaznamenal, stile jsem si
nebyl stoprocentné jisty, ktery

z 1odi¢l je samec a ktery sa-
mice. Za dal§ich nékolik dnt
se potér rozplaval a postupné
diky trvajici plachosti rodic
ubyval.

Proto jsem se rozhodl
k odebrani mladych rybek ze
spole¢ného akviria a téméf
véechny jsem je odsal hadici
do piipravené tficetilitrové
nadrze. Rybkdm jsem drzel
teplotu okolo 23 °C a krmil
je artemii, cyklopem a suse-
nym krmivem. Jejich rast byl
celkem slusny a pocet znacny,
takze zédhy nasledovalo pfe-
misténi do dalsich vétsich
nddrzi. Odchovanych rybek
jsem mél pies Ctyfi sta a zala-
ly problémy s odbytem. Prvni
dvé stovky se prodaly relativ-
né jednoduse do vsech koutt
svéta, ale dalsich 200 kusia
se stalo ,stojakem® a ryby se
prodaly aZ znalné perostlé.
To mé od dalsich odchovii
odradilo a az letos jsem opét
nasadil obé ryby znovu do
tieni.

Prestoze jsem tyto dva
chovné jedince pfemistoval
do razné velikych a odlisné
zafizenych nadrzi, jejich
plachost se nikdy vyrazné ne-

utlumila. Odchované mladé
rybky jsou v klidu do velikosti
2 cm, pak za¢nou projevovat
znamky bazlivosti az Sokovi-
ni. S oblibou napf. pfi ndhlém
rozsvicen{ mladé vyskakuji
hromadné z nddrzi ven a pfe-
kondni vysky 10-15 c¢m pro
né neni piekdzkou opusténi
akviria. Je-1i na nadrzi kryci
sklo, maji ryby silné odfené
hlavy, coZ jim na prodejnosti
jisté neptida. Takze nezbyvi,
nez mit vysoky prostor mezi
hladinou a krycim sklem; pak
jsou odérky minimalni.

Letos jsem chovny pér na-
sadil do tfeni ve stolitrovém
akvériu. Piipravy na vlastni
tfeni trvaly téméf Ctrndct dni,
pravdépodobné opét diky
velké plachosti téchto ryb.
Doslova postupné piebag-
rovaly celé akvarium, kdyz
si vzdy vyhlédly urcity asek
pro vyhrabdni jamky aZ na
samé sklenéné dno. Stejné se
vak po téchto dvou tydnech
vytfely na mnou jiz ddvno
pipraveny obly kimen. Svétle
Zzlutych jiker o velikosti 1 mm
bylo jisté pies 500 kusi

Aequidens patricki, mlada ryba
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a byl jsem rozhodnut véech-
ny mladé v nddrzi ponechat
s rodidi a pozorovat tyto
nddherné vybarvené cichlidy
hlidajici své mladé.
Aktivnéjsim jedincem
v péci o potomstvo byla ry-
ba nepatrné vétsi, kterd je
samcem. Pozndm ji nejen
podle velikosti, ale i protoze
md roztrzenou zadni &dst
hibetni ploutve. Rozdéleni
hibetni ploutve je u téchto
rybek celkem bézné a je
zpUsobené Sarvitkami mezi
odristajicimi jedinci. Samec
byl natolik aktivni, Ze i ¢as od
Casu vyhnal od trdlisté samici,
ovsem velice $etrné, a zihy ji
opét pustil do tésné blizkosti.
Za dva dny po vytéru zacaly
akary hloubit v pisku opodal
tfeciho kamene jamku. Dalsi
den byly vyhloubené dokonce
dvé jamky, jedna hlubokd az
na sklo (v nddrzi byla péti-
centimetrova vrstva $térku) a
druhd podstatné méléi. Jikry
postupné tmavly a vechny se
zdély byt oplodnéné a zdra-
vé. Ctvrty den byly jikry jiz
téméf tmavé hnédé, rodice je
stile ovivali svymi ploutvemi
a bedlivé stiezili. Dokonce
jejich plachost opadla natolik,
ze kdyz jsem se pfiblizil tésné
k celni sténé niddrze, samec

Aequidens patricki

mé kritkymi vypady s rozta-
Zenymi skielemi zastrasoval,
nez opét zacouval k trdlisti.
Pity den od vytéru se pla-
dek vykulil a oba rodice jej
tlamkou okamzité pfemistuji
do mél¢iho, ale od ¢elni stény
vzdalenéjsiho pfipraveného
dilku. Dalsi den jsem objevil
tfeti vyhloubenou jamku. Byla
ze viech nejvétsi, stérk byl
vybrén az na sklenéné dno
a také byla od &elni stény ze
véech nejvzdilenéjsi. Embrya
sem jiz byla pfemisténa a ro-
dice se o né spokojené starali,
nebot se piestéhovinim zba-
vili dal$iho rusiciho faktoru,
kterym jsem byl j4, kdyz jsem
je pozoroval. Moc radosti
jsem z toho nemél, protoze
ryby si skute¢né vybraly pro-
stor, do kterého jsem téméf
nevidél. Odolal jsem nutkdni
odstranit kofen, za nimz byly
ukryty a odménou mi byla za
dalsich pét dni prehlidka cer-
stvé vyvedenych rozplavanych
mladych spole¢né s rodici.
Mladych rybicek bylo
znaéné mnozZstvi, rodice je
brzy viibec nestacili hlidat,
a tak se rozplavaly po celé
stolitrové nadrzi. Od prvnich
dnd jsem je krmil Zivym a
mrazenym cyklopem a zpo-
¢atku piikrmoval Zabronoz-

kou. Riist nebyl zv1ast rychly,
mladé 10. den méfily 6 mm,
20. den 8-9 mm, 60. den 25
mm (ke kofeni ocasu); po 120
dnech dosahuji prvni odcho-
vanci v téle prodejni velikosti
3,5-4 cm. Povyrostly potér
jsem jiz piikrmoval také pa-
tentkou, vlo¢kovym krmenim
a hovézim srdcem.

Zhruba mésic a pil od
vytéru, to rybky méfily okolo
dvou centimetrd, se schylo-
valo k novému tfeni rodicu.
Odrostlych mladych bylo né-
kolik set a vSechny plavaly ve
stejné nddrzi spole¢né s rodici.
Rodice zacali &istit oblibeny
kdmen, vytvareli si své teritori-
um a mladé pfestévali do této
oblasti poustét. Jejich agresivi-
ta se den ode dne stupriovala,
az ¢tvrty den skondila pobitim
zhruba poloviny potomk,
pficemz dal¥f étvrtina na nd-
sledky agresivniho chovani
rodi¢a posla. Nechtél jsem
piijit upIné o vechny odcho-
vané rybky, proto jsem jich asi
30 pfemistil do jiné nidrze
s totoZnymi parametry vody.
Rodice se presto jiz nevytieli a
zbylou stovku mladych nechali
dortst do prodejni velikosti ve
své pfitomnosti.

Meél jsem tedy moznost
porovnat rychlost ristu akar

ve dvou riiznych nadrzich,
jednou v celkem vysoké kon-
centraci zarybnéni spole¢né
s rodi¢i a podruhé ve stejné
nddrzi s tfetinovym zarybné-
nim bez rodi¢d. Prvni mésic
rybky rostly stejné, pak byl
rist rybek bez rodi¢a pod-
statné rychlejsi, ale béhem
dalsiho mésice se vie téméf
srovnalo a vyslednym efek-
tem bylo, Ze rybky v tietinové
koncentraci bez rodi¢u byly
o ¢trndct dni dfive prodejné.
Rozdily v ristu byly tedy
téméf zanedbatelné, ba jsem
piesvédlen, Ze mladé s rodici
by vyrostly rychleji, nez od-
loveni jedinci, byl-li by tento
pokus uskute¢nén ve vétsi
nadrzi. V pivodnim akvériu
byla pfece jen vyssi koncen-
trace zarybnéni — jedna ryba
na necely litr vody.

Zivérem pieji véem nad-
$enym akvaristim mnoho
uspéchi v rozmnoZovani
podobnych méné béznych
rybek a novinek, protoze
jeding aktivnim pf{stupem
nasich chovateld a objevo-
vianim neznimého, ¢i znovu
objevovinim méné zndmého,
neztrati svétoznama ,,éeskd
ryba“ své jméno a stéle bude
na celosvétovém trhu Zddana
v celé své Siroké skale.
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. . . Although the Aftican cichlids can be considered as
Evidence of Okavango - contacts based on different fish species: enormously studied group of fishes, there is no record
of this group from central Angola since 1975 due to

A: Clarias theodorae B: Parakneria marmorata + P. fortuita lack ofany field work in the area. Up to now our project

: N ol ) comprises first molecular study on cichlids from Bié
° —— goi: T e— < Plateau. This Angolan headwater region includes five
® Cuanza important river basins in relatively small area
y and we have collected samples from three of them,

. \\ i.e. Kubango (Okavango), Kwanza (Cuanza) and

Kunene (Cunene). Here, we focused on phylogeographic
study of serranochromine cichlids, based on molecular
data of mitochondrial D-loop. We included additional
sequences from GeneBank, especially from specimens
originated from two other river systems missing in
our sampling, i. e. Congo and Zambezi.

\\\\ ” -

C: Serranochromis macrocephalus

Serranochromis in Bié:

Figure 2: Evidence of Cuanza - Okavango contacts: A) Clarias theodorae - sharing haplotypes; based on COI; B) Two species of Parakneria ,
based on CO1. C) Serranochromis macrocephalus - based on CO1, D-loop, NADH2 and S7. D) Tilapia sparrmanii - sharing haplotypes, based on CO1 and S7 intron.

The possible contacts of upper
Okavando and upper Cuanza were
tested using molecular markers.
Four groups of fishes were analyzed on
CO1, D-loop, NADH2 and S7 genes.

Results:

1) We found separate lineage of upper Cuanza
and upper Okavango serranochromine fishes.

2) We combined our data with previous analyses
in haplochromine cichlids and we thus

Py i . = s stappersi
significantly enlarged sampling area of this oo
fish group in Aftica.
Figure 1: Bayesian phylogenetic tree based on sequences of mitochondrial D-loop. Green
square marks samples collected in for this study in Bié province, Angola. Additionally,
sequences from other studies available from GenBank were also included in this analysis.
3) Our results on different fish species further MrBayes run for S million generations,

show the evidence of contacts between
Okavango River system and the Cuanza River system.
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Introduction

Phylogenetic analyses in
Neotropical cichlids from
subfamily Cichlasomatinae
based on four markers (two
mitochondrial - 16S rRNA,
cytochrome b, and two nuclear
genes - S7, RAG1) revealed
several conflicts in results
among different methods of
analyses. We tested sensitivity

of routinely used phylogenetic
methods to taxon-sampling
changes (i.e. distance analysis
Neighbour Joining, Maximum
parsimony, Maximum likelihood
and Bayesian methods).

&
[E%<EEE
[7<EER
L

Fig. 3: Molecular phylogeny of Neotropical cichlids of the tribe Cichlasomatini Rcsuhsg Bayesian

analysis based on data sets of four genetic markers (16S rRNA, cytochrome b, RAG1 and S7 intron).
Five generic clades were found in results and one outstanding species Acaronia.
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In cichlids,
Bayesian analyses
presented more consistent
results than Maximum Parsimony.
MP was more sensitive to
taxon sampling
changes.
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Fig. 1: The starting data set consisted of eight species and others were added until the complete data set reached 47 taxa. We performed
in PAUP the MP analysis, NJ analyses under K2P and JC parameters set (slight differences found), ML analyses under the GTR+G+1
model (suggested by Modeltest) and under the simplest model (difference only in bootstrap). We performed Bayesian analyses under
both models as ML (difference found only in posterior probability).

Test 2: Fully sampled clades:
Selected clades fully sampled, whereas all other clades are represented just by one species.

Tests of sensitivity of methods to two types of taxon-sampling changes:
1) data sets with increasing number of taxa.

2) data sets with increasing number of fully sampled clades, and only one species in

all other clades

We found strong incongruence among phylogenetic methods with increasing number
of taxa in our data set. Bayesian method and Maximum likelihood displayed the most

stable results in tree topology, while results of Neighbour Joining and Maximum
parsimony method were found as incongruent.

T Bayes vs. MP:
We tested behaviour of Bayesian (BI)
and Maximum Parsimony (MP) analyses
with increasing number of included species.

Bayesian analyses showed more stable results
with 4 different topologies found, while
MP resulted in 12 topologies.

Our cichlid tree consists of 5 generic clades. We —>
performed 30 analyses with 1, 2, 3 or 4 clades fully
sampled, while all other clades were represented
only by one species. Based on different data sets,
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In cichlids, BI gave more consistent results than

MP. Topologies from Bayesian were stable with 12

and more included species (of 47), while in MP
incongruences were found still with 36 species included.
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Fig. 2 Results of Bayesian and MP analyses based on data sets with unbalanced taxon sampling, where some
of clades are fully sampled, whereas all other clades are represented just by one species.




