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Abstract
Madagascar, one of the largest islands worldwide, is a global biodiversity conservation hotspot, characterized by its biota’s high degree of endemism. More than two thirds of the 169
Malagasy freshwater fish species that so far have been scientifically named are endemic and
many also micro-endemic, i.e. only known from restricted regions or even a single drainage.
They probably represent the most threatened group of vertebrates on Madagascar. Habitat conservation measures are urgently required to prevent extinctions from deforestation, overfishing,
and exotic species introductions, but for many species ex situ captive breeding was already
recommended in 2003 as representing the only reliable means to save them from extinction.
This article reports on the successful husbandry and breeding of five threatened freshwater
fishes from Madagascar at the Aquarium of the Cologne Zoo, Germany: the aplocheilid killifish
Pachypanchax sakaramyi, the bedotiid rainbowfishes Bedotia madagascariensis and Rheocles
vatosoa (all Endangered), and the rare cichlids Ptychochromis insolitus (Critically Endangered)
and P. loisellei (Endangered). Our report summarizes initial data from our ongoing efforts in
*Corresp. author:
E-Mail: ziegler@koelnerzoo.de (Thomas Ziegler)
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DNA barcoding and survey of captive stocks of Malagasy freshwater fishes. Because a correct
identification is crucial in conservation breeding programs, in particular when repatriation or
restocking in the natural habitat is an option, we sequenced a segment of the mitochondrial
gene for 16S rRNA from the currently nine endemic Malagasy freshwater fish species held at
Cologne Zoo to confirm their identity. We also give recommendations regarding the IUCN Red
List of Threatened Species (IUCN 2020) conservation status of the endemic Malagasy fresh
water fish species treated in this article together with those ones scientifically named since 2003,
which may serve as input for future formal reassessments of these species. For Pachypanchax
sakaramyi, Bedotia madagascariensis, Rheocles vatosoa, Ptychochromis insolitus and P. loisellei we further provide an overview of diagnostic characters, distribution range, population
size/threats and conservation status. We also have analyzed the zoo data base ZIMS (Zool
ogical Information Management Software, Species360) in concert with the European database
Zootierliste to provide topical information on zoos and institutions holding aforementioned
species. Rheocles vatosoa, Ptychochromis insolitus and P. loisellei were sent from Toronto Zoo
(Canada) to Cologne Zoo (Germany) in 2019. None of these species was previously represented
in any German zoo, and P. loisellei was not represented yet in any European institutional collection nor held by private breeders. The transfer of these species from Toronto Zoo thus seeded
the husbandry and conservation breeding of these species in Germany and, on behalf of the
Madagascar Fauna and Flora Group, kickstarted the establishment of a conservation breeding
network for these and other Malagasy freshwater fishes in Europe. With the breeding at Cologne Zoo’s Aquarium of the three threatened Malagasy freshwater fish species received from the
Toronto Zoo and the subsequent transfer of their progeny to so far nine other zoos, an important step towards optimized conservation breeding and the establishment of a viable network
of institutional breeders in Europe has been taken: So far 215 Ptychochromis insolitus fry and
in addition 90 P. loisellei have been distributed from Cologne Zoo to other zoos or aquariums
within Europe. At present, also Citizen Conservation programs for endangered Malagasy freshwater fish species are jointly being established, initially in Germany, to extend the conservation
breeding network.
Keywords: Atheriniformes, Cichliformes, Cyprinodontiformes, Bedotia, Pachypanchax, Ptychochromis, Rheocles, conservation breeding, husbandry network, molecular identification

Introduction
Madagascar, one of the largest islands worldwide, is a global biodiversity conservation hotspot, characterized by its biota’s high degree of endemism (Myers et al., 2000; Goodman &
Benstead, 2003). Madagascar was isolated from other major landmasses for more than 65 million years, making it a prime model region to explore mechanisms of evolutionary diversification (Vences et al., 2009). This also applies to the organisms dwelling in Madagascar’s aquatic
habitats (Groombridge & Jenkins, 1998).
The composition and richness of Malagasy freshwater fishes differ in many respects from
those of the African mainland, and their origins are disputed. Early researchers characterized
this faunal assemblage as depauperate in species (Kiener & Richard-Vindard, 1972), but more
recently, Sparks & Stiassny (2003) listed 143 native Malagasy freshwater fish species, and 26
new species have been scientifically named in the 17 years since this assessment. Despite a
species richness comparable to other landmasses of similar size (Sparks & Stiassny, 2003), it
remains true that the higher-level diversity of these fishes is limited and the majority of species
is referrable to three families: Cichlidae (cichlids), Bedotiidae (Madagascar rainbowfishes) and
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Aplocheilidae (Old World killifishes). Two of these families contain at least some species tolerant of brackish or salt water, and this is even more true for groups such as gobiids or eleotrids
which also have representatives in Malagasy streams and lagoons. In contrast, the rich primary
freshwater clades common in Africa are lacking (Briggs, 2003). In the absence of Cenozoic
fossils, cladistic placement of the Malagasy clades provides arguments for favoring an ancient,
Gondwanan origin (Sparks & Smith, 2005; Chakrabarty et al., 2012) whereas molecular clock
analyses, and Bayesian analysis of fossil occurrences, suggest much younger origins of basically all Malagasy lineages and thus favor an origin by Cenozoic overseas dispersal (Vences et
al., 2001; Crottini et al., 2012; Near et al., 2012; Friedman et al., 2013; Matschiner et al., 2017).
Independent of the conundrum of the biogeographic origins of these fishes, they are un
doubtedly a unique assemblage. Of the 143 species listed by Sparks & Stiassny (2003) all
those that complete their entire life cycle in fresh water – over 65% – are endemic and many of
them also micro-endemic, viz. only known from restricted regions or even a single drainage.
Most importantly, freshwater fishes are probably the most threatened group of vertebrates on
Madagascar. According to Benstead et al. (2003), 34% of them were Endangered, 22% Critical, 17% Vulnerable, 5% Near Threatened and 4% already Extinct, using criteria established
by the International Union for Conservation of Nature and Natural Resources. Of the 26 species scientifically named since 2003, one is already Extinct, four Critically Endangered, eleven
Endangered, one Vulnerable and one Near Threatened (Table 1). The three principal threats to
the freshwater biodiversity of Madagascar are deforestation, overfishing, and exotic species
introductions (Benstead et al., 2003). Habitat conservation measures are urgently required to
prevent extinctions, but for many species, ex situ captive breeding at this time represents the
only reliable means to save them from extinction (Benstead et al., 2003; Loiselle, 2003).
Being aware of the need for more conservation breeding efforts for Madagascar’s threatened freshwater fishes, the Aquarium of Cologne Zoo 15 years ago started implementing a
targeted husbandry setup for threatened, poorly known and rarely bred freshwater fish species from the island, including a program of environmental education (Ziegler, 2005). This
modest initial effort focused on exhibiting and breeding a scientifically still unnamed Madagascar Rainbow fish, Bedotia sp. „Ankavia“ (Mailliet, 2005). However, after an initial period
of successful reproduction this lineage became extinct at Cologne Zoo because of limited
availability of reproducing individuals, viz. fitting sexual partners. In 2007, the focus on
threatened Madagascar freshwater fish was reactivated and the endangered aplocheilid killifish Pachypanchax sakaramyi added to Cologne Zoo’s fish collection. In 2013, another Bedotia species was acquired, at the time considered to be the endangered B. geayi. However,
Loiselle & Rodriguez (2007: 7) critically noted that in 1953 live Bedotia collected from the
town of Ambila-Lemaitso, located on the shore of Lake Anjanaborona, which lies imme
diately south of Lake Rasoabe, were shipped to France and then introduced to the aquarium
hobby community under the name Bedotia geayi, notwithstanding the fact that the type series
of B. geayi originated from the Mananjary basin, several hundred kilometers to the south of
Lake Rasoabe. Based upon this fact as well as significant morphometric and color pattern
differences, these authors recognized the two taxa as specifically distinct and suggested that
B. madagascariensis is the correct name for the species long sold as B. geayi in the aquarium
trade. In 2018, the first Malagasy cichlid reached Cologne Zoo’s Aquarium: the critically
endangered pinstripe damba (Paretroplus menarambo).
In 2019, Cologne Zoo hosted the annual meeting of the Madagascar Fauna and Flora Group
(MFG). As one outcome of the meeting, it was decided to evaluate the perspectives of zoo
keeping of threatened Malagasy freshwater fishes and to build and optimize conservation
breeding networks for these animals. As a first urgent measure offspring of the two rare
cichlids, Ptychochromis insolitus (Critically Endangered) and P. loisellei (Endangered) and
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of the poorly known rainbowfish Rheocles vatosoa (Endangered) were sent from Toronto
Zoo (Canada) to Cologne Zoo (Germany) in 2019. None of these species was previously
represented in any German zoo, and P. loisellei was not represented yet in any European insti
tutional collection nor held by private breeders. The transfer of these species from Toronto
Zoo thus seeded the husbandry and conservation breeding of these species in Germany and,
on behalf of the MFG, kickstarted the establishment of a conservation breeding network for
these and other Malagasy freshwater fishes in Europe.
The present study reports on the experiences and achievements with keeping and breeding
of Malagasy freshwater fishes at Cologne Zoo to date and provides a first overview of and
perspectives for the planned conservation breeding network. Our report summarizes initial data
from our ongoing, more comprehensive efforts in DNA barcoding and survey of captive stocks
of Malagasy freshwater fishes, which we hope will help improving the conservation of these
fascinating and highly threatened animals.
Tab. 1: Endemic Malagasy freshwater fish species scientifically named since 2003 and their conservation status based on the IUCN Red List of Threatened Species (IUCN, 2020) (EX = Extinct;
CR = Critically Endangered; EN = Endangered; VU = Vulnerable; NT = Near Threatened; LC =
Least Concern; DD = Data Deficient).
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Materials and methods
For the species kept at Cologne Zoo for which novel data are presented herein, we assembled information on the institutions keeping and breeding them globally. For this purpose,
we examined the Zoological Information Management Software (ZIMS, Species360), an
international record keeping database for zoological institutions (data retrieval carried out
from early to mid-2020). Many zoos subscribe to this system and enter their collection data
into it, however, as a cautionary note, the completeness of ZIMS data cannot be guaranteed,
as some data may be obsolete or have not (yet) been entered, and some zoos do not participate in this system. In addition, we summarized species holdings from further institutions in Germany and Europe using the website “Zootierliste” (http://www.zootierliste.de/),
which includes additional data, also from private zoos and animal rescue organizations.
Our ongoing DNA barcoding project on Malagasy freshwater fishes is a continuation of previous efforts on amphibians and reptiles (Vieites et al., 2009; Nagy et al., 2012; Perl et al., 2014),
with the goal of providing a molecular means of identifying species based on sequences of the
mitochondrial genes for cytochrome oxidase subunit 1 (COI or cox1), the standard DNA barcod
ing gene for animals, and 16S rRNA (16S). In the present study, we focused on confirming the
identification of the different groups held at Cologne Zoo (Tab. 2) based on mitochondrial DNA
sequences. We opted to amplify and sequence a ca. 500 bp 16S segment (with standard primers
and methods; see e.g. Vences et al., 2001), given that comparative reference sequences of reliably
identified individuals of the majority of rainbowfish and cichlid species are available for this gene,
mostly from the work of John S. Sparks and colleagues (see references for the respective taxa
in the species accounts below). Although the divergence in this rather conserved gene is low for
many species of Malagasy freshwater fishes, there are at least single mutational steps separating
the majority of species and thus allowing a reliable identification. All newly determined sequences
were deposited in GenBank (accession numbers MW217516-MW217526).
Tab. 2: Tissue samples taken from the Malagasy freshwater fish collection at Cologne Zoo for
DNA barcoding, including IUCN Red List of Threatened Species Status (CR = Critically Endangered; EN = Endangered; VU = Vulnerable).

Molecular identification of Cologne Zoo breeding stocks
Pachypanchax sakaramyi: Two 16S sequences from the older and from the more recently
obtained groups in Cologne Zoo (TZTIS 30-31) were identical to each other and to reference
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sequences collected close to the type locality (reference sequence with GenBank accession
number KJ844812, corresponding to the voucher specimen FGZC 1245).
Bedotia madagascariensis: Tiergarten Bernburg (Germany), from which the Bedotia fry
founding the Cologne Zoo colony was obtained, sustained them under the name Bedotia geayi,
which according to Loiselle & Rodriguez (2007) is a common misidentification in the aquarium trade. The color pattern of our specimens fully matches with B. madagascariensis, and a
16S sequence from one sample (TZTIS 29) differed by only 0.2% uncorrected distance from
a B. madagascariensis reference sequence (AY266060). Interestingly, sequences of complete
mitochondrial genomes in GenBank (e.g., AP017440) are 100% identical to the sequence of our
specimen, but are also mislabelled as B. geayi. Apparently, no reference sequence of a genuine
B. geayi specimen is currently available.
Rheocles vatosoa: A 16S sequence of one specimen from our breeding stock (TZTIS 27)
was 100% identical to the reference sequence of R. vatosoa (AY266073) from Sparks & Smith
(2004), thereby confirming its identification.
Paratilapia cf. polleni: One sample (TZTIS 35) was sequenced for a segment of the 16S gene
but yielded only a short, poor quality sequence of 214 bp. Yet, the sequence obtained did not
match with any previously published sequence, reflecting the lack of a comprehensive revision
of the genus Paratilapia and of a comprehensive genetic sampling of the genus.
Paretroplus menarambo: We sequenced a segment of the 16S gene for three specimens, corresponding to the three groups separately obtained by Cologne Zoo (TZTIS 36-38), which all
were identical to each other and to the reference sequence (AY263823), thus validating their
identity and confirming that they can be combined for conservation breeding purposes.
Ptychochromis grandidieri: A 16S sequence of one of Cologne Zoo’s specimens (TZTIS34)
turned out to be identical to the reference sequence of P. grandidieri (MH767428), thus confirm
ing its identification.
Ptychochromis insolitus: One 16S sequence of one of our specimens (TZTIS 32) differed by
only a single mutation (uncorrected distance 0.2%) from the reference sequence AY662725,
labelled in GenBank as Ptychochromis sp. Sofia and thus almost certainly corresponding to P.
insolitus and confirming the identification of the Cologne Zoo breeding stock.
Ptychochromis loisellei: A sample taken from Cologne Zoo’s specimens (TZTIS 28) yielded
only a very short 16S sequence due to sequencing failure. In this short stretch, the sample was
100% identical to various Ptychochromis, including AY662723, which corresponds to P. loisellei (in GenBank as Ptychochromis sp. “Garaka”).
Ptychochromis oligacanthus: We obtained one 16S sequence from the specimens of the
group kept at Cologne Zoo (TZTIS 33), which proved to be identical to the reference sequence
MH767430, thus confirming the identification of our specimens.

Species accounts of Malagasy fish bred in Cologne Zoo
Aplocheilidae
Pachypanchax sakaramyi (Holly, 1928)
Sakaramy killifish (Malagasy name: Zoto)
Diagnosis: Pachypanchax sakaramyi differs from P. playfairi, type species of the genus, in
lacking raised dorsolateral squamation as well as rows of discrete red dots on the flanks, red
edging to the dorsal and anal fins and a black caudal-fin margin. This species has the shortest
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dorsal fin base of all described Malagasy congeners and further differs in having chest scales
smaller than those of the flanks and a row of scales at the base of the dorsal and anal fins. The
similar species P. omalonotus, which occurs in close proximity to P. sakaramyi (e.g. in the Sambirano region) has the shortest and deepest caudal peduncle of any Malagasy Pachypanchax and
further differs from P. sakaramyi in having the scales of the chest the same size as those of the
flanks and in its marked color polymorphism. Loiselle (2006) presented diagnostic color pattern features, which set P. sakaramyi apart from all congeners. Males of this species grow up to
9 cm in total length (Froese & Pauly, 2018).

Fig. 1: Sakaramy Killifish (Pachypanchax sakaramyi), Cologne Zoo. Photo: M. Vences.

Distribution: The species was originally described from the Sakaramy River, at the village of
the same name, approx. 30 km south of the city of Antsiranana (Diego Suarez), 500 m above
sea level. It is endemic to streams draining the northern and eastern versants of the Ambohitra
Massif (Montagne d’Ambre), a Plio-Pleistocene volcanic formation that dominates the northern
tip of Madagascar.
Population size/threats: The subpopulations are very fragmented. According to Sparks
(2016), several streams crossed by the national road from Antsakoabe village to Antsiranana
were sampled and Pachypanchax were not found. As reported by Loiselle (2006), this species
was formerly sufficiently abundant to be harvested for domestic consumption using wickerfishing baskets but has been extirpated from most of its original range. Local residents ascribe
its disappearance to predation by introduced Poecilia reticulata and Gambusia holbrooki upon
P. sakaramyi fry. A factor of equal importance is ongoing deforestation of the Ambohitra Massif, which changes the hydrological regime of small streams from permanent to intermittent,
resulting in the extirpation of their subpopulations of P. sakaramyi. The most recent loss of habitat resulted from the diversion of the source of the Sakaramy River in 2000 to provide drinking
water for several private residences and the guesthouse of the Benedictine monastery located on
the outskirts of the town of Joffreville (Sparks, 2016).
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Fig. 2: Sakaramy Killifish (Pachypanchax sakaramyi), wild breeding male. Photo: P. Loiselle.

Conservation Status: A managed population has been established in North America and
Europe, but barring the immediate implementation of habitat protection and restoration programs, according to Loiselle (2006) the extirpation of the remaining riverine populations appears inevitable. During surveys of Foret d’Ambre in March 2007, P. sakaramyi still was abun
dant in the streams in the forest (Frank Glaw in litt.). With an estimated extent of occurrence
of 550 km2, a single location and an ongoing decline in habitat, the IUCN Red List Status is
Endangered, with population trend decreasing (Sparks, 2016).
Natural history: According to Loiselle (2006), Pachypanchax sakaramyi inhabits high-gradient streams flowing under both degraded and intact forest cover and the peripheral waters
of low-altitude crater lakes. Individuals of all sizes occur in both areas of strong current and
tranquil pools, but are most abundant in the latter. Water temperatures between 20.5-22.2 °C
were measured in partially shaded segments of the Sakaramy River in October. The water of the
Sakaramy River and other streams draining the Ambohitra Massif was free of suspended matter,
unstained by tannins, moderately soft (total and carbonate hardness 36.0-72.0 ppm), slightly
alkaline (pH 7.2-7.5) and deficient in dissolved substances (conductivity 58.0-75.0 μS/cm).
Stream bottoms consist of bare bedrock or rounded basaltic cobble, interspersed with boulders up to 60 cm in diameter. Waterlogged branches are common along the margins of larger
pools. No submerged aquatic plants were observed growing in the upper Sakaramy River. The
Madagascar lace plant (Aponogeton madagascariensis), an unidentified epilithic Podostemo
naceae and the exotic water hyacinth Eichhornia crassipes were observed growing in P. sakaramyi habitat in the Antsahalalina River.
P. sakaramyi has been observed feeding upon both stranded terrestrial insects at the surface of the
water and upon small aquatic invertebrates taken from the bottom. As the upper Sakaramy River is
devoid of other fish, its only enemies therein appear to be the Malagasy malachite kingfisher and
predatory invertebrates such as dragonfly nymphs and large prawns of the genus Macrobrachium.
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Juvenile P. sakaramyi live in loose associations in the shallows. Adults frequent deeper water
away from the banks. Large individuals of both sexes are solitary. Females tend to swim slowly in a
stop-go manner, while males are in constant, active motion throughout their habitat. Loiselle (2006)
observed a consort-type mating system, in which males contend for access to ripe females rather than
for control of spawning sites. Pairs were observed spawning upon waterlogged branches and among
the cobbles of the stream bottom. Spawning was observed in the habitat in October. The species is
suspected to either have a completely aseasonal reproductive pattern or a very protracted breeding
season extending from early spring through the austral summer and into the autumn.
Husbandry: Cologne Zoo’s Aquarium keeps two groups of adults behind the scenes. One, only
received recently, is held in an aquarium 80 cm L (length) x 50 cm W (width) x 50 cm H (height)
in size, with an actual capacity of 200 l. The aquarium is furnished with roots and aquatic plants
(Anubias, Cryptocoryne, Microsorum). The second group lives in an aquarium L120 x W50 x H50
cm in size under similar conditions. A third adult group is housed harmoniously with Bedotia madagascariensis in a tank of 1200 l capacity and a front panel of W100 x H110 cm in size (the aquarium
broadens to the rear) exhibited in the public area. The background consists of stones and the substrate
consists of sand, while aquatic plants of the genera Aponogeton, Cryptocoryne, Hygrophila, Microsorum, Pogostemon, and Rotala serve as interior decoration. Fry are reared backstage in planted
(Anubias, Microsorum) 112 l aquariums (L80 x W40 x H35). Depending on size, fish are fed flake
and frozen food (white, black or red mosquito larvae, freshwater shrimp) as well as living food (Artemia, Chaoborus (glassworm larvae) from time to time. The tanks have a water temperature of 24.6
°C, carbonate hardness is 3 °KH, total hardness 5 °dGH, conductivity 230 µS/cm and pH value 7.5.
Reproduction: Both in the public display tank and in the backstage tanks females deposit
eggs on leaves and stems of aquatic plants. Reproduction is continuous and requires no special
triggers. Adults do not prey upon fry, but older fry will predate upon newly hatched siblings.
However, groups should not include too many males, as according to our observations this also
appears to have a negative impact on fry survivorship.
Zoo husbandry network: According to ZIMS, the species is held in two zoos in the USA, viz. the
Jenkinson’s Aquarium and in the New York Aquarium, and in 14 zoos in Europe, including four
German zoos (Aquazoo Düsseldorf, Cologne Zoo, Tiergarten Bernburg, Wuppertal Zoo). Furthermore, the species is kept in Europe in Ostrava Zoo, Plzen Zoo (Czech Republic), Rotterdam Zoo
(Netherlands), Silesian Zoological Garden, Wroclaw Zoo (Poland), Tropikariet Helsingborg (Sweden), Zurich Zoo (Switzerland), North of England Zoological Society Chester, Reaseheath College
Animal Centre, ZSL London Zoo (UK). In addition, according to Zootierliste, the species is held in
Darmstadt Vivarium and in Leipzig Zoo (Germany), in Tiergarten Schönbrunn, Vienna (Austria), in
Prague Zoo (Czech Republic) and in the Bolton Museum (UK). In addition to the group we received
from Leipzig Zoo in April 2007 and the offspring we already provided to a number of institutions
both in Germany (e.g. Tiergarten Bernburg, Wuppertal Zoo) and in Europe (e.g. Wroclaw Zoo, Poland) we have been keeping another group at Cologne Zoo’s Aquarium since 2019.
We received this second group from H. Brünner (Karlsruhe, in litt.), which derives from upstream
of the type locality. It is currently kept backstage only and separate from the long-term held group.

Bedotiidae
Bedotia madagascariensis Regan, 1903
Madagascar rainbowfish (Malagasy name: Zono)
Diagnosis: Bedotia madagascariensis belongs to the group of species whose color pattern
in life is based upon two dark lateral stripes clearly expressed in both sexes. This feature un-
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ambiguously distinguishes it from congeners in which the lateral stripes are either replaced by
a pattern of dark spots or are altogether lacking in one or both sexes. It distinguishes from its
laterally striped congeners by its caudal fin coloration, which consists of an extensive hyaline to
iridescent yellow-white basal zone, a crescent-shaped black median band and broad red or white
tips. Low second dorsal (10–12) and anal (14–17) fin ray counts are diagnostic for preserved
specimens (Loiselle & Rodriguez, 2007).

Fig. 3: Madagascar rainbowfish (Bedotia madagascariensis), Cologne Zoo. Photo: M. Vences.

Distribution: The present range of B. madagascariensis extends from the lower reaches of the
Ivoloina River, the effective northern terminus of the Lakendrano Mpangalana (Pangalanes Canal), as far south as Manambolo Creek, which drains into this waterway 10 km south of the town
of Vatomandry. The recent capture of juvenile B. madagascariensis in the rapids of the Ikopa
River near the village of Antanimbary and of adult fish in Lanefitra Creek at Ankadibe Village,
several hundred kilometers to the west, suggests that these probably translocated populations
are now well established in the Betsiboka basin (Loiselle & Rodriguez, 2007).
Population size/threats: The species is abundant in the lakes of the Pangalanes Canal and in
lower reaches of many streams flowing into it (Ravelomanana & Sparks, 2016c). The main threats it faces are habitat loss and degradation through siltation caused by deforestation and predation by the introduced spotted snakehead (Channa maculata). According to Loiselle & Rodriguez (2007), prior to snakehead introduction in the early 1970’s, the only fish large enough
to prey upon B. madagascariensis were cichlids of the genus Paratilapia, flagtails of the genus
Kuhlia, the endemic grunter Mesopristes elongatus, Glossogobius giuris, and eels of the genus
Anguilla. This species is also potential prey of piscivorous wading birds and the Malagasy
malachite kingfisher (Corythornis vintsioides). Despite its relatively small size, there is an active artisanal fishery for B. madagascariensis over most of its range. Predation pressure in all
probability precludes longevity in nature, which is up to ten years in captivity (Ravelomanana
& Sparks, 2016c).
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Conservation Status: The IUCN Red List Status is Endangered, with population trend decreasing (Ravelomanana & Sparks, 2016c).
Natural History: According to Loiselle & Rodriguez (2007), B. madagascariensis inhabits
clear streams flowing under partial or complete forest cover at altitudes up to 30 meters above
sea level. As long as the stream is shaded, this species appears indifferent to the composi
tion of the riparian vegetation, prospering even when it is comprised entirely of exotic species.
Although capable of breasting a fairly strong current, B. madagascariensis prefers the quieter
sections of well-shaded streams. Rivers draining the eastern versant of Madagascar are characterised by extremely soft water (General hardness [GH] < 17.1 ppm, electrical conductivity
17.0–27.0 µS/cm). It is thus not unusual to find this species inhabiting classic black water habitats such as Dracaena/Pandanus swamps, where pH values can be as low as 4.8. Although
therapeutic salinity levels up to 5.0 parts per thousand are tolerated in captivity, this species is
never found in brackish waters in nature. Water temperatures measured during the month of
October in the habitats it frequents ranged from 23-32 °C.
B. madagascariensis is typically observed in loose, size-graded associations of up to several
dozen individuals. Juveniles are usually found in the shallows, while adults frequent deeper
water away from the banks. Pairs of B. madagascariensis have been observed depositing eggs in
coarse gravel in nature (Loiselle, unpublished data). This species reproduces in the rainy season
and probably has a protracted breeding season in nature (according to literature data compiled
by Glaw & Vences, 1994). It lays about 15-20 eggs per day continuously over an extended period in captivity. Young hatch after 5-8 days and grow rapidly becoming sexually mature at the
age of 5-6 months (Brunel, 1968; Staeck, 1990).
Husbandry: Backstage at Cologne Zoo’s Aquarium a group of adults is maintained in an
aquarium L80 x W40 x H36 cm in size with an actual capacity of 112 l. The aquarium is fur-

Fig. 4: Madagascar rainbowfish (Bedotia madagascariensis) fry, Cologne Zoo (May 5th, 2020).
Photo: T. Ziegler.
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nished with roots and mops made of nylon yarn for spawning. A second adult group is kept
together with Pachypanchax sakaramyi in a show tank in the public area, in an aquarium of
1,200 l capacity. Fry are reared backstage in an aquarium L80 x W40 x H35 cm in size of
112 l capacity, filled with several nylon yarn mops. Depending on size, fish receive the same diet
as P. sakaramyi. The tanks have a water temperature of 24.6 °C, carbonate hardness is 3 °KH,
total hardness 5 °dGH, conductivity 230 µS/cm and pH value 7.5. Their husbandry, like that of
P. sakaramyi, poses few difficulties.
Reproduction: Both in the 1,200 l public exhibition tank and in the backstage tank females
deposit eggs on both aquatic plants and nylon mops. Reproduction continues uninterrupted,
without need of special triggers. However, breeding groups should not be too large for optimal
reproductive output. Groups consisting of 2 males and 3 females are most successful. From late
2019 through June 2020 our backstage group alone produced around 500 fry.
Zoo husbandry network: According to ZIMS, 8 zoos in Europe keep this species, including
four German zoos (Aquazoo Düsseldorf, Cologne Zoo, Tiergarten Bernburg, Wilhelma Stuttgart). Furthermore, the species is kept in Europe at Tiergarten Schönbrunn, Vienna (Austria),
Fota Wildifepark (Ireland), Tropikariet Helsingborg, (Sweden), Tilgate Nature Center (UK).
In addition, according to Zootierliste, the species is likewise held in Den Bla Planet Aquarium
(Denmark), Zaragoza Fluvial Aquarium (Spain). According to ZIMS, B. geayi is kept in Leipzig Zoo (Germany), Aquario di Genova (Italy), Parc Merveilleux (Luxemburg), Wroclaw Zoo
(Poland), Perm Zoo (Russia), Malmö Aquarium and Tropicarium (Sweden), Zürich (Switzerland). According to Zootierliste, B. geayi is held in seven zoos in Germany and in ten zoos in
the remaining EAZA region. However, as B. geayi has never been exported from Madagascar,
all putative holdings of this species in fact should represent misnamed B. madagascariensis as
we have demonstrated from Cologne Zoo’s captive population. Our offspring have already been
provided to several zoos, the last recipients Duisburg Zoo and Nürnberg Zoo (Germany) and
the Plzen Zoo (Czech Republic). It is finally worth noting that B. madagascariensis is a massmarket aquarium fish produced on an industrial scale in North America and the Far East. The
currently managed population is probably several orders of magnitude larger than the current
wild population.
Rheocles vatosoa Stiassny, Rodriguez & Loiselle, 2002
Crystal Rheocles (Malagasy name: Zonobe)
Diagnosis: Rheocles vatosoa most easily distinguishes from congeners by a shorter upper
jaw, by a fully scaled dorsum, nape, and venter and by absence of black pigmentation of the
genital papilla (Stiassny et al., 2002). R. vatosoa displays marked sexual dimorphism in color
pattern. Males also grow larger than females, are deeper-bodied and have longer dorsal and anal
fins (Stiassny et al., 2002). Males grow up to 7.9 cm in total length (Froese & Pauly, 2018).
Distribution: The species is endemic to the upper and middle reaches of the Lokoho River in
the general vicinity of the town of Andapa. Rheocles vatosoa has the broadest altitudinal range
so far recorded for any species of the genus, with specimens collected from as low as 157 m asl
up to 940 m asl (Stiassny et al., 2002).
Population size/threats: In forested streams within portions of its range, this species is still
abundant. However, within much of the Andapa basin and in Andrakata River, this species is
now very rare. Numbers have declined substantially over the past half-century (Ravelomanana
& Sparks, 2016c).
Conservation Status: Populations of R. vatosoa have been catastrophically impacted by the
misuse of mosquito nets as fishing gear. Even though the catchment of the streams in the Lo-
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Fig. 5: Crystal Rheocles (Rheocles vatosoa), Cologne Zoo. Photo: T. Ziegler.

koho basin is protected by Marojejy and Anjanaharibe Sud National Parks, due to the restricted
range (less than 5,000 km²), the threat from invasive alien species and a continued decline in habitat extent and quality outside the National Park mainly due to deforestation and rice farming,
the IUCN Red List Status is Endangered, with population trend decreasing (Ravelomanana &
Sparks, 2016c).
Natural History: Throughout its range, Rheocles vatosoa is found in clear streams over
gravel or coarse sand bottoms. Such streams are characterized by soft, slightly acidic to moderately alkaline water, total and carbonate hardness value < 1 °dGH, electrical conductivity
between 23 and 30 µS/cm and pH values between 6.8 and 7.5 (Stiassny et al., 2002, Ravelomanana & Sparks, 2016c). It occurs both in large, rapidly flowing rivers and small brooks. In
the Andapa region, inhabited biotopes were characterized by a shrubby riparian zone. Rheocles vatosoa feeds on terrestrial and aquatic insects and larvae. The species begins spawning
in late October and early November. The breeding season appears to be protracted. In nature,
this species deposits demersal eggs in patches of coarse gravel (Stiassny et al., 2002; Loiselle,
unpublished data).
Husbandry: Backstage at Cologne Zoo’s Aquarium two groups of adults are maintained in
two aquariums with a surface area of L80 x W40 cm and an actual capacity of 112 l. The
aquariums are furnished with nylon yarn mops for spawning. Later another adult group was
transferred into a semi-oval exhibition aquarium in the public area, of 800 l capacity and with
a front panel measuring W100 x H110 cm. The background consists of stones and the substrate
consists of sand, while various aquatic plants serve as interior decoration. Fry are reared backstage in planted aquariums of L80 x W40 x H35 cm in size of 112 l capacity. The tanks have a
water temperature of 24.6 °C, carbonate hardness is 3 °KH, total hardness 5 °dGH, conductivity
230 µS/cm and pH value 7.5. Depending on their size, fish receive the same diet as Pachypanchax sakaramyi.
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Fig. 6: Crystal Rheocles (Rheocles vatosoa) offspring, Cologne Zoo (April 30th, 2020). Photo:
T. Ziegler.

Reproduction: For spawning, aquaria for adults are filled with mops made of nylon yarn.
Females sporadically deposit eggs therein, usually several per day. Egg size is ca. 1.5 to 2 mm
in diameter. Initial food for fry is powder food and Artemia larvae nourished with vitamins.
Zoo husbandry network: According to ZIMS, the species is kept only at Toronto Zoo (Canada), Cologne Zoo (Germany), and the Zoological Society London, ZSL (UK). According to
Zootierliste, Cologne Zoo is the only zoo in the EAZA region, which keeps the species. Initially
we have received 30 surplus individuals from Toronto Zoo. Currently we keep around 40 fry
(August 2020). Several zoos already have shown interest in obtaining surplus, among them
Plzen Zoo (Czech Republic), Museo di Storia Naturale, Università di Pisa (Italy), and Rotterdam Zoo (Netherlands).

Cichlidae
Ptychochromis insolitus Stiassny & Sparks, 2006
Mangarahara Cichlid (Malagasy name: Joba Mena)
Diagnosis: A Ptychochromis exhibiting the western-type palatine morphology sensu Stiassny
& Sparks (2006) and most readily distinguished from congeners by the presence (most obvious
in preservation) of a faint midlateral stripe, beginning just posterior to the dorsocaudal margin
of the opercle and extending to caudal-fin origin. Ptychochromis insolitus can be easily distinguished from its closest relative P. inornatus by pigmentation pattern (Stiassny & Sparks,
2006), notably the red coloration in the unpaired fins of adult males. Males grow up to 15.0 cm
standard length (de Rham & Nourissat, 2004).
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Fig. 7: Mangarahara Cichlid (Ptychochromis insolitus) male, Cologne Zoo. Photo: T. Ziegler.

Distribution: The species is endemic to the tributaries of the Sofia River, notably the Amboa
boa river near the town of Marotandrano, in northeastern Madagascar. Previously it was also
found in the Mangarahara river (Stiassny & Sparks, 2006) but recent surveys in 2013 have found
this river to be almost completely dried out by the end of the dry season (September/November)
and the fish is no longer present (Ravelomanana et al., 2016).
Population size/threats: Ptychochromis insolitus is extremely rare throughout its limited
range, and few specimens have been collected despite sizeable collections of other species hav
ing been made in this region, including other cichlids, notably Paretroplus nourissati (Stiassny
& Sparks, 2006). No additional specimens were found in 2011 at the type locality, the Amboa
boa River near the town of Mandritsara. Some representatives were found in the Amboaboa
upstream near Marotandrano in 2013, but this population is not strong (Ravelomanana et al.,
2016). The species is threatened mainly by habitat loss and lack of water at certain times of year,
largely due to inappropriate stream flow management by an upstream dam. The local fishery
also has an important impact on the population decline. Artisanal fishery activity employing
seine nets with small mesh size or poisoning using a local rotenone analog is common in Marotandrano although such methods are illegal (Ravelomanana et al., 2016).
Conservation Status: This species appears to be extremely rare within its known and very restricted range, viz. a small portion of the Sofia River drainage. The extent of occurrence is estimat
ed at much less than 100 km². Despite targeted efforts, the species is rarely collected. Given the
high rate of deforestation in the region, construction of dams and introduction of exotic competitors and predators, this species faces a very high risk of extinction (Ravelomanana et al., 2016).
Thus, the IUCN Red List Status is Critically Endangered, with population trend decreasing.
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Natural History: The substrate at the type locality is mostly sand and rock, with deeper pools
present in sheltered areas. The water is clear, shallow with swift current (Stiassny & Sparks,
2006). In upstream reaches of the Amboaboa River this species has shown remarkable survival
skills and has managed to find one of the very last remaining persistant water sources to live in,
However, this population is small and standing water represents a suboptimal habitat (Ravelomanana et al., 2016).
Husbandry: Ptychochromus insolitus is a moderately shy species that is rather aggressive
towards conspecifics. Setting up an isolated pair in an effort to breed this species led to the
loss of the female. In light of this failure, adult individuals are now maintained in two groups
consisting of 11 and 18 fish, respectively backstage at Cologne Zoo’s Aquarium. The aquariums have a surface area of L100-120 x W60 cm and a maximal capacity of 270 l. Fry are
reared backstage in four aquariums with a surface area of L80-150 x W60 cm. All aquariums
are furnished with several large stones for surface structure and in the adult aquariums, to
provide egg deposition sites. Depending upon their size, fish receive flake and frozen foods
(white, black or red mosquito larva, freshwater shrimp) as well as living food (Artemia, Chaoborus larvae) from time to time. The tanks have a water temperature of 24.6 °C, carbonate
hardness is 3 °KH, total hardness 5 °dGH, conductivity 230 µS/cm and pH value 7.5. In summer 2020 a group of 40 fry was moved into an aquascaped 20,000 l exhibition tank together
with P. loisellei and a school of Bedotia madagascariensis in order to highlight Madagascar’s
endangered freshwater fish diversity.

Fig. 8: Mangarahara Cichlid (Ptychochromis insolitus), Cologne Zoo: egg deposition (upper left,
24th November 2019); female guarding eggs on stone (upper right, February 24th, 2020); larva
(lower left, November 29th, 2019); larvae after feeding with Artemia (lower right, December 16th,
2019). Photos: T. Ziegler.
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Fig. 9: Mangarahara Cichlid (Ptychochromis insolitus) offspring, Cologne Zoo: upper left, February 1st, 2020; upper right, April 22nd, 2020; lower left, July 2nd, 2020; lower right, July 2nd, 2020.
Photos: T. Ziegler.

Reproduction: Ptychochromis insolitus is a biparentally custodial open brooder. Clutches
were deposited on stones or on the bottom of their aquarium. Clutch sizes to date range from
100 to 250 eggs. Hygienic behavior and close-in defense of the clutch were undertaken exclu
sively by the smaller female. During spawning, the females are strikingly bright golden in color
with the eye region being deep black. Males defend the borders of the pair’s territory but have
nothing to do with the proximate defense of the eggs. The smaller adult group was revealed
to be reproductively most active. Several females in this group were observed that they laid
eggs. Two clutches left together with the adults in the aquarium did not develop, due to fungal
infestation or because they were eaten by the adults. Also because adult behavior has been characterized by elevated levels of aggression, it was decided to remove most of the clutches for
separate rearing. Largest fry measured around 4.5 cm (at the age of six months, in May 2020).
However, this may not represent maximum size of half-year old individuals because the largest
offspring individuals already were selected and captured before to be provided to other zoos for
extending the conservation breeding network.
Zoo husbandry network: According to Ravelomanana et al. (2016), captive breeding has been
successfully undertaken by an aquaculture facility in Andapa in northeastern Madagascar. According to ZIMS the species is held at Toronto Zoo (Canada) and in six zoos in Europe: Tiergarten Schönbrunn, Vienna (Austria), Den Bla Planet Aquarium (Denmark), Cologne Zoo, and
Wilhelma Stuttgart (Germany), Zoological Society London, and ZSL Whipsnade Zoo (UK).
According to Zootierliste, the species is further held in the EAZA region in Rotterdam Zoo
(Netherlands). Originally, in November 2019 we received 30 individuals bred at Toronto Zoo.
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Cologne Zoo was the first institution at that time, which received the species after it was formerly kept at Berlin Zoo. To extend the breeding network in Europe, where no breeding happened in the past years, the first group of offspring from Cologne Zoo was sent to Tiergarten
Schönbrunn in Vienna (Austria) in January 2020 (n = 30). Further, groups of our offspring
were sent to Berlin Zoo (Germany) (n = 15) and to Wilhelma, Stuttgart (Germany) (n = 30) in
March 2020, to Ostrava Zoo (Czech Republic) (n = 15) in June 2020, to Leipzig Zoo (Germany)
(n = 15), Nürnberg Zoo (Germany) (n = 15), Duisburg Zoo (Germany) (n = 20), and Tiergarten
Bernburg (n = 30) in July 2020 and to Malmö Museer (Sweden) (n = 25) in September 2020. In
March 2020, another group of our offspring was sent to private breeders in Poland associated
with the DCG, the German Cichlid Society (n = 20). In addition to these 215 surplus young bred
at Cologne Zoo and so far distributed to other institutions/breeders we still have more than 400
surplus individuals of P. insolitus from more than ten clutches available to be provided to other
institutions, such as Rotterdam Zoo and ZieZoo (Netherlands), as well as Plock Zoo (Poland).
Both have already shown interest in maintaining this species.
Ptychochromis loisellei Stiassny & Sparks, 2006
Loiselle’s Ptycho (Malagasy name: Garaka)
Diagnosis: A Ptychochromis exhibiting the eastern-type palatine morphology sensu Stiassny & Sparks (2006) and which is distinguished from all congeners by a unique pigmentation

Fig. 10: Loiselle’s Ptycho (Ptychochromis loisellei), breeding couple (left female, right male),
Cologne Zoo. Photo: T. Ziegler.
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pattern and coloration comprising an expansive (generally vertically oriented) black band or
blotched region of black pigment below the lateral midline and just anterior to origin of (and
often extending over) the anal fin, and by an overall dark grayish-green body coloration, which
becomes intense golden yellow in sexually active individuals. Males grow up to 20.0 cm standard length (Loiselle, unpublished data).
Distribution: The type locality of P. loisellei is the Mahanara River at the town of AntsirabeNord (Stiassny & Sparks, 2006). It has also been collected in the lower reaches of the Bemarivo River and Farihy Mahatsara (Lac Vert), a coastal lake situated immediately to the south
of the town of Ihanara (Vohemar). According to local fishermen, P. loisellei also occurs in
the middle and upper reaches of the Fanambana River, which lies roughly midway between
the Mahanara and Farihy Mahatsara. (Ravelomanana & Sparks, 2016b; Loiselle, unpublished
data).
Population size/threats: In the original description, Stiassny & Sparks (2006) stated that according to local fishermen, a decade and a half ago P. loisellei was still relatively common
throughout the Mahanara River basin. According to Ravelomanana & Sparks (2016b) the main
impacts thought to have caused the decline of this species are deforestation leading to loss of
habitat through increased sedimentation, competition from introduced tilapias and overfishing.
In Farihy (Lake) Mahatsara, a few hook and line fishermen operate but only one specimen was
caught during a morning of observation. At Nosiarina Lake, where there is an important artisanal fishery, the population is also not as abundant as formerly.

Fig. 11: Loiselle’s Ptycho (Ptychochromis loisellei), Cologne Zoo: couple (with male in front) guarding eggs on upper stone surface (upper left); larvae on ground (upper right); male above larvae
group on ground attacking front panel (lower left); fry from first well-developing clutch (lower right,
May 4th, 2020). Photos: T. Ziegler.
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Fig. 12: Male Loiselle’s Ptycho (Ptychochromis loisellei) inmidst fry from second well-developing
clutch, Cologne Zoo (April 30th, 2020). Photo: T. Ziegler.

Fig. 13: Loiselle’s Ptycho (Ptychochromis loisellei) couple guarding larvae from second welldeveloping clutch, Cologne Zoo (May 4th, 2020). Photo: T. Ziegler.
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Conservation Status: As the estimated extent of occurrence is significantly less than 5,000
km² and because the population is targeted by an active fishery and threatened by alien invasive
species and ongoing deforestation at three separate locations (Ravelomanana & Sparks, 2016b),
its IUCN Red List Status is Endangered, with population trend decreasing.
Natural History: There is little published information about the habitat of P. loisellei. The species lives in clear and swift flowing rivers, and clear or turbid lakes (Ravelomanana & Sparks,
2016b). It is a demersal freshwater species (Stiassny & Sparks, 2006; Froese & Pauly, 2018).
Husbandry: Ptychochromis loisellei is a moderately shy species. Two groups consisting of 8 and
2 adult fish, respectively, are maintained backstage at Cologne Zoo’s Aquarium. The aquariums
have a surface area of L80 x W60 cm and a capacity of 200 l each. These aquariums are furnished
with several large stones, roots and aquatic plants (Vallisneria), with a substrate of sand. Fry are
reared backstage in two aquariums with a surface area of L80 x W60 cm. Depending on their size,
fish receive the same diet as P. insolitus. The tanks have a water temperature of 24.6 °C, carbonate
hardness is 3 °KH, total hardness 5 °dGH, conductivity 230 µS/cm and pH value 7.5. In summer
2020, a group of 15 fry was introduced to a 20,000 l aquascaped exhibition tank housing P. insolitus and a school of Bedotia madagascariensis established to highlight Madagascar’s endangered
freshwater fish diversity.

Fig. 14: Loiselle’s Ptycho (Ptychochromis loisellei) female guarding eggs, Cologne Zoo. Photo:
M. Vences.
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Fig. 15: Loiselle’s Ptycho (Ptychochromis loisellei) female performing brood care, Cologne Zoo.
Photo: M. Vences.

Reproduction: Ptychochromis loisellei is a biparentally custodial open brooder. To date,
only the isolated pair held in the backstage tank has bred successfully. The oval to rectangular
clutches were deposited on smooth surfaces of stones. The pair has produced clutches of up to
400 eggs. The first clutch was guarded and defended only by the male, who even defended it
against the female. The pair’s second deposited clutch was cared for by both parents together.
However, no larvae developed from these two first clutches due to fungal infestation of the eggs.
Brood care in the third deposited clutch was first performed by the male and later by the female.
Subsequently, after a temporary power interruption, the male began to attack the female. Due to
this increasingly aggressive behavior it was decided to separate the clutch from the adult pair.
This third clutch of about 100 eggs was the first from which larvae hatched. On 6 April, four
days after hatching, the larvae began to swim freely. The next clutch also produced larvae. In
this clutch, both parents performed brood care together. When a keeper approached the front
panel of the aquarium for too long, the breeding couple did not hesitate to attack in turn the
supposed invader.
It was also interesting to note that instead of selectively removing mold-infected eggs, unaffected developing eggs/young larvae from the clutch were moved by the parents to another site
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Fig. 16: Loiselle’s Ptycho (Ptychochromis loisellei), fry-tending pair. Photo: P. Loiselle.

in the rear of the aquarium. This parental relocation was observed in the first well developing
clutch on the second day after larval hatching. In the second well-developing clutch, this relocation happened at the third day after larval hatching. However, the second well-developing
clutch was not deposited in the morning hours as was the first one, but rather in the afternoon.
A third clutch from which larvae hatched was deposited on May 28. However, this happened
during brood care for the previous one, whose fry measured ca. 0.5 to 1 cm. To avoid aggressive
behavior of the breeding couple towards the older fry the couple was separated along with the
new clutch. However, after photographing the parents with the new clutch some days later, the
larvae of this clutch disappeared the following day. During the photo session one root was cautiously moved for few centimeters, which took only a few seconds. It seems either the translocation of the breeding couple, the photo session or most probably, the short-term manual intrusion
into the aquarium must have interrupted the breeding couple from brood care and caused the
loss of the clutch. Thus, during rearing, in particular of the young larvae, parents seem to be
very sensitive towards disturbance, which is also affirmed by the negative impact of the power
breakdown mentioned before. In particular during early larval development parents thus should
not be disturbed during parental care to avoid offspring losses.
Zoo husbandry network: Captive breeding has been successfully undertaken by an aquaculture facility in Andapa in northeastern Madagascar and by aquariums abroad (Ravelomanana
& Sparks 2016b). According to ZIMS the species is only held at Toronto Zoo (Canada) and
Cologne Zoo (Germany). According to Zootierliste, Cologne Zoo is the only zoo in the EAZA
region that keeps the species. Initially we received ten individuals bred at Toronto Zoo (Canada). As of June 2020 fry from the first well-developing clutch from our breeding couple at
Cologne Zoo have grown to around 60 young fish of 2 cm length. The second well-developing
clutch of the same breeding couple included about 400 1.0 to 1.5 cm long fry. The first offspring
was sent to Ostrava Zoo (Czech Republic) (n = 15) in June 2020, to Leipzig Zoo (Germany)
(n = 10), Duisburg Zoo (Germany) (n = 10) and Tiergarten Bernburg (n = 10) in July 2020, to
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Fig. 17: Loiselle’s Ptycho (Ptychochromis loisellei) fry, Cologne Zoo (July 2nd, 2020). Photo: T. Ziegler.

Fig. 18: Loiselle’s Ptycho (Ptychochromis loisellei). Photo: P. Loiselle.
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Malmö Museer (Sweden) (n = 25) in September 2020 and to Tiergarten Schönbrunn, Vienna
(Austria) (n = 20) in October 2020 to extend the conservation breeding network. Other interested holdings are Münster Zoo (Germany), Rotterdam Zoo and ZieZoo (Netherlands) as well as
Plock Zoo (Poland).
Additional species held at Cologne Zoo’s Aquarium
Nine freshwater fish species from Madagascar are currently held at Cologne Zoo’s Aquarium,
eight of them threatened to some degree (Fig. 19, Table 2). Besides the five species treated in
detail in this work and already successfully bred, the Critically Endangered Pinstripe Damba
(Paretroplus menarambo) is also held. The Aquarium received three adult individuals in 2018
from Berlin Zoo (Germany) and a second group of juveniles of different sizes in February
2020 from Pisciciulture Estalens (France). Our molecular results showed that both groups are
genetically homogeneous at least from a mitochondrial perspective, and thus can be used for
conservation breeding purposes.
Another species received from Pisciculture Estalens in 2020 is Paratilapia cf. polleni. The
specimens were provided under the name Paratilapia sp. “Andapa“, probably descending from
200 juveniles provided to Pisciculture Estalens in 2014 (Patrick de Rham in litt.). The molecular
data did not help to allocate the specimens to a specific lineage given the unclarified specieslevel taxonomy of the genus and the lack of reference sequences. If the specimens indeed originated from Andapa in northern Madagascar, it is possible that they are to be assigned to P.

Fig. 19: Ptychochromis oligacanthus (upper left), P. grandidieri (upper right), Paratilapia cf. polleni
(lower left), Paretroplus menarambo (lower right), Cologne Zoo. Photos: T. Ziegler, M. Vences
(lower right).
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Fig. 20: Maps of Madagascar showing the distribution (after IUCN 2020) of seven focal species
held in Cologne Zoo and discussed in this study (the distribution of Paratilapia is not shown due to
uncertain taxonomy). Background colors in maps show remaining primary vegetation following the
Madagascar Zoo Vegetation Mapping Project carried out from 2003–2006 (Moat & Smith 2007);
green is humid forest (rainforest), reddish tones are deciduous forest and spiny forest-thicket.

polleni which was described from Ambassuana (= Ambazoana) river in north-western Madagascar; indeed, according to the distribution map in De Rham & Nourissat (2002), all northern populations of Paratilapia would belong to this taxon. It may also be possible that Paratilapia sp.
“Andapa” corresponds to a separate species occurring in the Lokoho River drainage; however,
according to the molecular data of Rakotomamonjy & Oliarinony (2018), samples from Andapa
and north-western Madagascar (e.g., Nosy Be) are extremely similar in their COI sequences as
visible from the branch lengths in the respective tree. We therefore refrain from assigning our
specimens with confidence to any species at this time.
Since March 2020 Cologne Zoo has also been maintaining Ptychochromis oligacanthus and
P. grandidieri received as offspring from a private breeder recommended by the DCG. In addition to 800, 1,200 and 2,700 l show tanks the Cologne Zoo has devoted a 20,000 l tank to
threatened freshwater fishes from Madagascar (Fig. 20). It currently houses a shoal of about 300
Bedotia madagascariensis, which already have started to reproduce in this tank, 40 Ptychochromis insolitus and 15 P. loisellei. Inclusion of further cichlid species is planned in the near future.

Discussion
As shown by Loiselle & Rodriguez (2007), the genetically identified Bedotia in the Aquarium of Cologne Zoo proved not to be B. geayi as previously assumed, but actually represent
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Fig. 21: 20,000 l tank previously showing Lake Tanganyika fish community now showing imperilled freshwater fish species from Madagascar: tank restructuring (upper left); filled tank with
Madagascar Rainbow Fish shoal; view from keepers passage (lower left); Mangarahara cichlid
shoal (lower right). Photos: T. Ziegler.

B. madagascariensis. A correct identification is crucial in conservation breeding programs, in
particular when repatriation or restocking in the natural habitat is an option. By doing so, release
of erroneously identified species or even hybrids can be prevented, and thereby the genetic integrity of the species in the wild ensured. At best, molecular identification can also help distinguish between geographic lineages and thus find suitable populations and sites for restocking.
These are optimal species conservation measures in terms of a comprehensive approach, viz. the
combination of different expertise bringing together best ex situ and in situ measures.
Analysis of records from the archive of Cologne Zoo’s Aquarium revealed that Bedotia
considered as B. geayi has been held by Cologne Zoo since 1972. In 1999, after 27 years, this
group was eventually retired from the collection. Although these fish cannot be longer identified by molecular means, they probably were likewise representatives of B. madagascariensis
sensu Loiselle & Rodriguez (2007). From the archive of Cologne Zoo’s Aquarium it was clear
that this Bedotia stock had regularly successfully reproduced. However, according to the files
the offspring were not shared with other zoos but rather dispersed to pet shops and thus passed
into private hands. Certainly in those days exhibition was the main focus of Cologne Zoo’s
Aquarium, contrasting to the current conservation and ark philosophy of this and many other
zoos. This new emphasis on conservation breeding requires careful selection of taxa, validation of their taxonomic identity, assuring the genetic integrity of the breeding group, and
ultimately the integration of the group into a well-managed conservation breeding network.
Only with a sufficient number of participating zoos, it can be guaranteed that a species can
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be preserved in the long-term ex situ despite unexpected events, such as disease outbreaks or
accidents in some of the facilities.
Because space and facilities in zoos are limited, Citizen Conservation programs offer an
interesting additional option, in particular for smaller animals appreciated by hobbyists such
as many fishes. Engaged private persons or specialist hobbyist associations like the German
Cichlid Association (DCG) have the chance to contribute to maintaining captive populations of
threatened species, by providing expertise and breeding facilities. At present, Citizen Conservation programs for endangered Malagasy freshwater fish species are jointly being established,
initially in Germany. However, they can be extended to other countries.
Regarding the IUCN Red List of Threatened Species (IUCN 2020) conservation status of the
endemic Malagasy freshwater fish species scientifically named since 2003 (see Table 1), changes
may be necessary according to our knowledge (Loiselle, unpublished data). This article cannot
provide a formal reassessment reviewing IUCN Red List criteria in depth, but we take this opportunity to summarize observations that may be taken into account in such future formal reassessments. It should be considered to change the conservation status of Gogo atratus and Ptychochromis ernstmagnusi from DD to VU. The Mananara River, where these two species occur, enjoys a
remarkable degree of limnological integrity due to the fact that its almost entirely forested water
shed lies within an extensive and very sparsely populated protected area. Despite their apparently
restricted range both species are characterized by robust populations that are not yet intensively
fished, which argues against a status as EN, but nevertheless a threatened status (VU) rather than
NT or LC appears warranted due to overall increasing pressures on the remaining forested habitat in lowland eastern Madagascar. The conservation status of Pachypanchax patriciae probably
could be changed from EN to VU. This species enjoys an extensive range that comprises two very
different floristic regions. Populations are robust and much of its range is free of snakeheads and
is likely to remain so for socioeconomic regions. The conservation status of Bedotia leucopteron
may be changed as well from EN to VU. The Rianila-Iroko-Vohitra system enjoys a consider
able degree of limnological integrity due to the fact that a significant portion of its headwaters
watershed lies within well-forested protected areas, notably Analamazaotra-Mantadia National
Park. Populations inhabiting the main channel of these rivers are not exposed to artisanal fishing
and remain robust. The conservation status of Sauvagella robusta may move from EN to LC. The
range of this species extends from the Sofia River at least as far south as the Tsiribihina River. The
species is sufficiently abundant to support a sustained targeted fishery in Lake Tseny.
Concerning the species treated in this article, the conservation status of Bedotia madagascariensis may be changed from EN to VU. This species enjoys an extensive range and
displays the ability to sustain robust populations in the face of an exotic predator, an active
artisanal fishery and the replacement of primary forest cover by a much simplified successor
assemblage of plants (Loiselle, unpublished data). The conservation status of Ptychochromis
oligacanthus may be changed from from EN to VU. The species enjoys an extensive distribution. On the mainland of Madagascar, P. oligacanthus ranges from the Mananjeba River
southwards to the Sambirano. It is also present in the Mount Passot crater lakes on the island
of Nosy Be. These populations are robust and are neither subject to fishing pressure nor at risk
from Channa maculata, which has not to date become established in extreme north-western
Madagascar (Loiselle, 2005). As the increased seasonality in precipitation caused by climate
change will adversely impact its habitat, this species, while not immediately threatened, can
be accurately classified as Vulnerable (Loiselle, unpublished data). If Paratilapia sp. “Andapa” turns out to be a separate taxon, then it may be more appropriately classified as CR than
the current VU. This form has to date only been found in the Lokoho River drainage. Wild
populations probably no longer exist within the Andapa basin and it has become extremely
rare within the remainder of the Lokoho system. If the experimental use of Paratilapia sp.
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“Andapa” as an aquaculture subject, which began two decades ago, had not been proven
successful, this form would have been known only from museum specimens. However, we
reiterate the importance of a taxonomic revision of the genus Paratilapia, and herein have
classified our samples cautiously as P. cf. polleni as neither their geographical origin nor
the distinctness of the Andapa populations is fully clarified. Paretroplus menarambo is also
highly threatened and its status should be changed from from EN to CR. Endemic to the Sofia
River basin and formerly sufficiently abundant to support a commercial fishery, this species
now apparently persists only in Lake Tseny. Adults of this relict population are at risk from
the lake’s active gill net fishery while juveniles are vulnerable to predation by the introduced
Channa maculata. As a species that has undergone catastrophic decline and whose single surviving population remains seriously threatened, P. menarambo certainly qualifies as Critically
Endangered (Loiselle, unpublished data). Similarly, the conservation status of Pachypanchax
sakaramyi should be changed from from EN to CR. The upper reaches of the Sakaramy River
supported the largest known population of this species. This population has collapsed following the diversion of the headwaters of the Sakaramy for human use and would have been
extirpated had leaks in the piping carrying its water not resulted in the persistence of a few
small puddles. Efforts to locate additional populations of P. sakaramyi elsewhere within its
formerly extensive range have failed, although the species was still abundant in forest streams
at Foret d’Ambre in March 2007 (Frank Glaw in litt). In light of these facts, also this species
seems to qualify as Critically Endangered (Loiselle, unpublished data).
Cichlids from Madagascar, although not particularly colorful, are of high conservation priority because of their unique phylogenetic position as sister group to remaining cichlids.
Studying these poorly known relict taxa – also in captivity – holds the potential to better
understand the evolution of reproductive strategies, behavior, or genomes of cichlids, one of
the most important model groups for speciation research. In general, the island’s freshwater
fish fauna is characterized by a number of archaic, basal taxa (Stiassny, 1992), and the behavior of most species is very incompletely studied. In this context, it is worth mentioning that
Cologne Zoo’s experiences in keeping and breeding of Ptychochromis insolitus, P. loisellei
and Rheocles vatosoa so far have all taken place in behind the scenes facilities rather than
in large, more naturally furnished tanks, where perhaps more systematic behavioral observations could be made in the future.
Loiselle (2003) already noted that captive breeding efforts undertaken by public aquariums,
zoos, and individuals in North America and Europe had at that point resulted in the establishment of managed populations of 33 Malagasy fish species. Although constituting a strong
beginning, it was recommended that a formally recognized species survival program should be
implemented for the endemic freshwater fishes of Madagascar (Benstead et al., 2003). Such
a program failed to come into being in North America (Loiselle, unpublished data). With the
breeding at the Cologne Zoo’s Aquarium of the three threatened Malagasy freshwater fish species received from the Toronto Zoo and the subsequent transfer of their progeny to so far nine
other zoos, an important step towards optimized conservation breeding and the establishment of
a viable network of institutional breeders in Europe has been taken. So far 215 Ptychochromis
insolitus fry have been distributed by Cologne Zoo within Europe and 90 P. loisellei. A number of further transfers is planned in the near future, as unfortunately the Covid-19 pandemic
has precluded several planned transfers for the moment. As basis for establishing an improved
conservation breeding network research leading to a Masters of Education degree currently is
underway at Cologne University analyzing zoo holdings of threatened Malagasy freshwater fish
worldwide. The results of this work will be made publicly available soon (Leiss et al., in prep.).
The results then can be used for optimized conservation breeding and network development
measures.
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Zusammenfassung
Als eine der größten Inseln weltweit ist Madagaskar mit seinem hohen Grad an endemischer
Biodiversität ein globaler Hotspot des Artenschutzes. Mehr als zwei Drittel der 169 madagassischen Süßwasserfische, die bisher wissenschaftlich benannt worden sind, sind für Madagaskar
endemisch und viele davon dazu noch mikroendemisch, d. h. sie sind nur aus sehr kleinen
Arealen oder einem einzelnen Gewässereinzugsgebiet bekannt. Es spricht vieles dafür, dass
Fische die am stärksten bedrohte Wirbeltiergruppe auf Madagaskar darstellen. Maßnahmen zur
Lebensraumerhaltung sind dringend erforderlich, um durch Entwaldung, Überfischung und das
Einbringen invasiver Arten verursachten Aussterbeereignissen entgegenzuwirken. Für viele Arten wurden bereits im Jahr 2003, d. h. vor knapp zwei Jahrzehnten, ex situ-Erhaltungszuchten
als einzige derzeit greifende Bewahrungsmaßnahmen eingefordert, um drohende Aussterbeereignisse abzuwenden. Hier berichten wir über die erfolgreiche Haltung und Nachzucht des
aplocheiliden Ährenfischverwandten Pachypanchax sakaramyi, der bedotiiden Ährenfischverwandten Bedotia madagascariensis und Rheocles vatosoa (alle stark bedroht) und den seltenen Buntbarschen Ptychochromis insolitus (vom Aussterben bedroht) und P. loisellei (stark
bedroht), alles gefährdete endemische Süßwasserfische aus Madagaskar, die im Aquarium des
Kölner Zoos in Deutschland gehalten werden. Unser Bericht ist kombiniert mit ersten Ergebnissen unserer fortwährenden DNA-Barcoding-Analysen von ex situ-Beständen madagassischer
Süßwasserfische. Da eine korrekte Identifizierung für Erhaltungszuchtprogramme ausschlaggebend ist, insbesondere wenn Rückführungen bzw. Populationsaufstockungen im natürlichen
Lebensraum anstehen, sequenzierten wir zur exakten spezifischen Identifizierung ein Segment
des mitochondrialen 16S rRNA Gens von den derzeit neun endemischen, im Kölner Zoo gehaltenen Süßwasserfischarten aus Madagaskar. Weiterhin geben wir Empfehlungen hinsichtlich
des Schutzstatus der auf der Roten Liste der Weltnaturschutzunion (IUCN 2020) aufgeführten
endemischen madagassischen Süßwasserfische, die in dieser Studie abgehandelt werden, gemeinsam mit den nach 2003 wissenschaftlich benannten Arten. Damit möchten wir eine Vorleistung für künftige formale Neubewertungen des Status dieser Arten erbringen. Für Pachy
panchax sakaramyi, Bedotia madagascariensis, Rheocles vatosoa, Ptychochromis insolitus
und P. loisellei tragen wir in den jeweiligen Artkapiteln Informationen zu den diagnostischen
Merkmalen, zur Verbreitung, Populationsgröße, Bedrohung und zum Schutzstatus zusammen.
Darüber hinaus haben wir die Zoo-Datenbank ZIMS (Zoologische Informations-Management
Software von Species360) zusammen mit der Europäischen Datenbank Zootierliste ausgewertet, um aktuelle Information über die institutionelle bzw. Zoohaltung zuvor genannter Arten
zu erhalten. Der Kölner Zoo erhielt Rheocles vatosoa, Ptychochromis insolitus und P. loisellei
2019 vom Toronto Zoo in Kanada. Keine der Arten war zu diesem Zeitpunkt in einem deutschen
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Zoo vertreten. P. loisellei wurde darüber hinaus in Europa weder institutionell noch privat gehalten. Der von der internationalen Madagaskar Fauna und Flora-Gruppe mit initiierte Transfer besagter Arten vom Toronto Zoo zum Kölner Zoo war demnach die Gründung sowohl der
Haltung dieser Arten in Deutschland als auch der Aufbau einer Erhaltungszucht für diese und
andere madagassische Süßwasserfische in Europa. Aufgrund der erfolgreichen Nachzucht von
drei der aus Toronto erhaltenen bedrohten madagassischen Fischarten im Aquarium des Kölner
Zoos und der nachfolgenden Verteilung des Nachwuchses in derzeit neun andere Zoos, konnte
ein erster wichtiger Beitrag zum Aufbau eines Erhaltungszuchtnetzwerks bedrohter madagassischer Süßwasserfische in Europa geleistet werden: Bislang wurden bereits 215 Ptychochromis
insolitus und zusätzlich 90 P. loisellei von Köln aus an europäische Zoos verteilt. Derzeit werden weiterhin gemeinschaftlich Citizen Conservation Programme – zunächst in Deutschland
– für bedrohte madagassische Süßwasserfischarten etabliert, um das Erhaltungszuchtnetzwerk
mit engagierten Privathaltern zu erweitern.
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