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ABSTRACT ARTICLE HISTORY

The provisioning of trophic eggs is exceedingly rare in fish, with Received 12 August 2021
only a single example of a species exhibiting this behaviour Accepted 28 January 2022
reported in the scientific literature: the Lake Malawi catfish Bagrus KEYWORDS
meridi_onali:s. Hc_)wever, observat.ions in _captivity suggest that t.he Parental care; trophic eggs;
behaviour is widespread and likely universal among all species Channa; nutrient

within the most species-rich lineage of Channa. The evolution of  provisioning

trophic eggs could have led to the large adaptive radiation found in

the C. gachua Group, which comprises almost half of the species

diversity within the genus.

Introduction

Parental care is relatively widespread among the teleost fish and occurs in some form in
20-25% of the 453 currently recognised families (Wootton and Smith 2014). It is scattered
in different forms throughout the evolutionary tree of fish and is dominated by male only-,
followed by biparental, and finally female-only care (Blumer 1982; Mank et al. 2005;
Wootton and Smith 2014).

Despite the diversity of forms of parental care in fish, the direct provisioning of food
from parents to offspring is rare. Food provisioning is known to have evolved in a handful
of cichlids in the genera Amphilophus, Symphysodon, Uaru, Perissodus and Etroplus, as well
as damselfish of the genus Acanthochromis, all of which produce supplemental nutrition
in the form of a nutrient-rich skin mucus that is grazed upon by the fry (Kavanagh 1998;
Buckley et al. 2010; Satoh et al. 2018, 2019). So far among the teleost fish, the critically
endangered lake Malawi catfish, Bagrus meridionalis, appears to be the only species where
the production of unfertilised (or ‘trophic’) eggs as nutrient provisioning has been
described in the scientific literature (McKaye 1986). This type of provisioning has been
more widely documented in insects and anurans (Perry 2004; Perry and Roitberg 2006;
V4gi et al. 2019) than in fish.

The reason why nutrient provisioning is so scarce in fish (and other ectothermic
vertebrates) while almost universal in mammals and birds, has been explained by the
thermodynamic constraints imposed on endotherms, to wit, their vulnerability to
heat loss is most significant during the juvenile stage due to the high surface-to-
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volume ratio of their smaller bodies, often combined with the lack of an insulating
layer of hair or feathers. Parental provisioning is thus vital in helping offspring grow
past this vulnerable stage as quickly as possible (Beekman et al. 2019). In frogs, the
provisioning of trophic eggs is thought to evolve under conditions of food scarcity
(Dugas et al. 2016).

The family Channidae Fowler, 1934 is a moderately diverse assemblage of pre-
datory, airbreathing, freshwater fishes within the order Anabantiformes. The family
includes two genera and 46 currently recognised species (Britz et al. 2019; Riber
et al. 2020), but this is likely an underestimation of true species diversity (Conte-
Grand et al. 2017). Parachanna Teugels & Daget, 1984 includes three species dis-
tributed in tropical Africa (Riber et al. 2020). Forty-three species of Channa Scopoli,
1777 are distributed from Iran, in the west, to the Amur region of Russia in the east
and Java in the south (Courtenay and Williams 2004; Ruber et al. 2020). Introduced
populations of several species thrive far outside this range in the United States and
Europe (Courtenay and Williams 2004). Channa is divided into seven species groups
(asiatica, gachua, lucius, marulius, micropeltes, punctata and striata groups) containing
between 2 and 24 species each (Riber et al. 2020). All members of Channa share
a similar elongated body plan but range in size from 10 cm to 120 cm (Courtenay
and Williams 2004; Riber et al. 2020).

All species of Channa for which reproductive data are available produce floating eggs
in simple nests that are guarded either by the male or by both parents, and parental care
extends for some time (often several weeks) after the fry becomes free swimming (Riber
et al. 2020). This is almost certainly the ancestral form of parental care in the family as it is
universal in Channa (with the exception presented below) and its sister genus
Parachanna.

A number of reports by amateur fish keepers (Ettrich 1986; Schnieder 2001) have
shown that several species in the C. gachua group are paternal mouthbrooders and
that females of these species produce infertile eggs as a food source for the fry. This
behaviour was briefly mentioned by Zworykin (2017) but has otherwise gone unnoticed in
the scientific literature. The purpose of this paper is to present new observations made in
captivity on the use of trophic eggs in Channa, by myself and other aquarists, and to
discuss this behaviour in a phylogenetic and evolutionary context.

Methods

New behavioural data were obtained in 2019 when groups of five individuals each of
three species of wild-caught Channa (C. andrao, C. gachua and C. pulchra) were
obtained by the author. The fish measured 10-15 cm (C. andrao, C. gachua) or 15-
20 cm (C. pulchra) cm in length. The species were kept separately in heavily planted
tanks (200 to 600 L in size) at temperatures ranging from 18 to 25 C, fed every
other day with live insects and earthworms, and kept on a 14/10 hour light/dark
cycle with artificial lights and timer. Pair bonding occurred over a period of 1-
2 weeks and once a pair had formed they attacked the remaining individuals,
which were then removed to separate tanks. This procedure resulted in one bonded
pair each of C. andrao and C. gachua, and two bonded pairs of C. pulchra. All pairs
bred several times over the following year, during which notes were taken on
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breeding behaviour, and the feeding of trophic eggs was opportunistically filmed.
Growth rate over the first 45 days was recorded in a clutch of C. gachua for which
the fry were raised solely on tropic eggs. Every other day 4-6 fry were removed,
euthanised with MS222, fixed in formalin, photographed with a Canon EOS 7D digital
camera attached to an Olympus SZX16 stereomicroscope, and measured digitally in
QuickPHOTO MICRO 3.1. Attempts were also made to raise fry of all three species
separate from the parents in order to test whether nutrient provisioning is supple-
mentary or obligate.

Results

After the pairs had bonded, typical anabantoid mating embracing near the surface was
regularly observed among all pairs. Breeding was confirmed by the presence of eggs
floating under the water surface in C. pulchra (Figure 1) or from the distended gular region
of the mouthbrooding males of C. andrao and C. gachua (Figure 2).

In C. gachua, the male was first observed carrying eggs on 27 March 2019 (Figure 1), the
fry were released on 30 March and the first feeding with trophic eggs was observed and
filmed the same day (Supplementary video 1). The fry started swimming 3 April. The pair
bred a second time in December the same year.

Figure 1. Channa pulchra eggs floating under the water surface.
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Figure 2. Mouthbrooding Channa gachua male.

In C. andrao, the male was first observed carrying eggs 17 March 2019 with fry being
released two days later. Some of the fry were then moved to a separate tank for an
attempt at artificial rearing; the remaining fry disappeared within a couple of days and
were presumed to have been eaten by the parents.

The male was observed carrying eggs again 28 March with fry being released 31 March.
The fry were kept in a secluded location of the aquarium and guarded by the male until
becoming free swimming on 3 April.

In both C. andrao and C. gachua, females initiated feeding the newly hatched larvae
with trophic eggs almost immediately after the male first released them from his mouth,
which was several days prior to their becoming free swimming. The exact frequency of
feedings was not determined but appeared to be at least twice per day, based on the
visibly white, extended, stomachs of the fry.

Prior to the release of trophic eggs, females would extend their fins and intensify
their body colours, which would induce foraging behaviour in the newly hatched
larvae (Supplementary video 1), whereas older free-swimming fry gathered around
their mother waiting to be fed (Supplementary video 2). The female then circled
above the fry, feeding them with unfertilised eggs (Supplementary videos 1 & 2). In
contrast to fertile eggs (Figure 3(a)), trophic eggs (Figure 3(b)) sank (Supplementary
videos 1 & 2), as they lack the large oil globule that normally makes anabantoid
eggs buoyant. The female continued to feed the fry for several weeks, during which
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Figure 3. Fertile- (a) and trophic eggs (b) of C. gachua.

time they grew rapidly (Figure 4). Clutch size (fertilised eggs) in C. andrao was
approximately 250-300, and 500-1200 in C. gachua estimated from a total of 2 + 2
clutches.

Fry of both C. gachua and C. andrao experimentally removed prior to becoming free
swimming and raised isolated from the mother inevitably starved to death. The failure to
recognise alternative food sources of suitable size, such as live Artemia nauplii, suggests
that they are obligate egg feeders for at least their first week of life.

One pair of C. pulchra spawned 17, 27 and 31 March, and 4 April 2019 but these
clutches failed to hatch. The pair continued to spawn on 28 April, 4, 11, 18, 23, 30 May and
6 June, with eggs hatching approximately 24 hours after being laid. An estimated 50-60
eggs were produced each time. A second pair of C. pulchra only spawned once on 7 April
with eggs hatching on 8 and 9 April.

In C. pulchra the relatively larger eggs were left floating under the water surface
(Figure 1), guarded by both parents, with the male taking the more active role.
Parental care continued once the fry hatched, and since the pair continued to
produce a new clutch of eggs about once per week for several weeks, the shoal
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Figure 4. Channa gachua fry at 1, 7, 14, 20, 28, 34 and 42 days of age display quick growth until
about day 30 on a diet composed solely of trophic eggs. The growth curve is based on the average
length of 4-6 fry measured every other day (lower right).
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of fry contained siblings of different ages and sizes. Despite this disparity in sibling
size, cannibalism was not observed. The female did not produce trophic eggs and
the fry started foraging small live food once they became free swimming. Fry that
were moved to a separate tank accepted Artemia nauplii once they became free-
swiming and could be raised successfully without their parents.

Discussion

The provisioning of trophic eggs appears to be restricted to a single lineage within
Channa (Figures 5 and 6) and has thus far been well documented in C. andrao (this
study), C. orientalis (Ettrich 1986), C. bleheri (Harz 2001), and C. gachua (Schnieder 2001,
this study). However, the behaviour has also been observed in other species within the
C. gachua Group that have bred in captivity, including C. aurantimaculata, C. brunneaq,
C. pardalis, C. quinquefasciata, and C. stewarti (C. Dunlop, pers. com., videos on youtube),
and appears to be a synapomorphy of the more diverse of the two clades that comprise
the C. gachua Group (Figures 5 and 6). All of the species with trophic egg provisioning (for
which breeding behaviour is known) are paternal mouthbrooders, with the exceptions of
the two sister species C. bleheri and C. brunnea, which have reverted to guarding their
floating eggs at the water surface (Harz 2001, C. Dunlop, pers. com.).

In the three-species clade within the C. gachua Group that lack the use of trophic
eggs (Figure 6), the production of multiple clutches of eggs separated by several
days to a week was documented in C. pulchra (this study) and has also been
observed in the closely related C. ornatipinnis (C. Dunlop, pers. com.). It is possible
that the evolution of increased spawning frequency - as observed in C. pulchra and
C. ornatipinnis — would have been a first step towards the even quicker production of
eggs required for trophic use. While there is little data on breeding behaviour in
Channa, there is no documentation of repeated spawning in species from any of
other species groups of Channa.

The lack of ecological data for other members of the C. gachua Group makes it difficult
to interpret with certainty the environmental circumstances that favour the use of trophic
eggs, but in frogs the behaviour is thought to evolve in environments where there is
routinely a shortage of food for the tadpoles (Dugas et al. 2016). Clearly, wherever small
prey suitable for fry are scarce, trophic eggs would be highly advantageous.

The lineage of Channa in which trophic eggs evolved is, despite its relatively recent
origin, estimated at approximately 12 million years, by far the most species-rich group
within Channa (Figure 5) (Ruber et al. 2020). It contains almost half the species diversity of
the genus, and includes the greatest size variation (notably several dwarf species) of any
of the species groups (Riber et al. 2020). While it is difficult to prove a direct causal
relationship between the high diversity of this lineage and the evolution of trophic eggs,
it is possible that trophic eggs provided novel ecological opportunities, which led to
increased lineage diversification in the clade containing this trait compared to other
lineages of Channa (Figures 5 and 6).

The rarity of trophic eggs in fish may be partly due to the apparent preconditions for such
a behaviour to evolve: (1) in teleost fish, food provisioning has evolved exclusively in species
with biparental care. In the species of Channa studied here the male plays a vital role in
guarding the fry, which liberates the female to forage and cover the caloric expenditure
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Figure 5. Time-tree of Channidae adopted from Riiber et al. (2020). Species groups follow Riiber et al.
(2020). The square indicate the hypothesised advent of trophic egg provisioning.

associated with the production of trophic eggs, and (2) the large size of the trophic eggs
(compared to newly hatched fry), and their holotrophic consumption, could impose
a mechanical constraint to their use. Channa may have been able to evolve trophic egg
provisioning because of the prior existence of biparental care in the genus as well as the
large gape, which gives them the ability to swallow large food items from a young age.
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Figure 6. Phylogeny of the Channa gachua Group adopted from Ruber et al. (2020) with known captive
breeding behaviour indicated. The square indicate the hypothesised advent of trophic egg provisioning.

Although the fragmentary biological data currently available make these interpre-
tations speculative, it is clear that this group of fishes offers some exciting and
hitherto unexplored opportunities for studies into the evolution of nutrient provi-
sioning in fish. As the use of trophic eggs is hitherto only known from observations
in captivity, comparative field studies on the biotopes and environmental conditions
where they live and reproduce, would be particularly valuable to further our under-
standing of the factors that favours such behaviour.
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