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The larvae of aquatic vertebrates 
sometimes possess a transient, 

mucus-secreting gland on their heads. 
The most studied of these organs is the 
Xenopus cement gland. The tadpoles use 
it to attach to plants or to the water sur-
face, supposedly to hide from predators 
and save energy before they can swim or 
feed. Moreover their gland, being inner-
vated by trigeminal fibres, also mediates 
a locomotor stopping response when the 
larvae encounter an obstacle. We have 
described an equivalent organ on the 
head of the teleost Astyanax mexicanus, 
that we have called the casquette because 
of its shape and position on the larval 
head. The casquette is transient, sticky, 
secretes mucus, is innervated by the 
trigeminal ganglion, has an inhibitory 
function on larval swimming behavior, 
and expresses Bmp4 and Pitx1/2 during 
embryogenesis. Here we further discuss 
the nature of the equivalence between 
the frog cement gland and the fish cas-
quette, and highlight the usefulness of 
non-conventional model species to deci-
pher developmental and evolutionary 
mechanisms of morphological variations.

A Question of Homology

The Astyanax casquette and the Tilapia 
adhesive glands we have described1 both 
possess multiple common features with 
the well-studied and described Xenopus 
cement gland (Fig. 1).2-5 Their develop-
mental origin and specification gene net-
work, their connectivity and their role in 
regulating larval swimming behavior pro-
vide evo-devo, hodological and functional 
types of arguments to propose equivalence 
between these organs, respectively.1 But 
what type of equivalence are we reporting 
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here? Homology? Analogy? Or else? The 
answer is important to discuss the ances-
tral state/nature of this gland in chordate 
larvae (Fig. 2).

Two organs that look similar are said 
to be homologous if they are inherited 
from a common ancestor, implying his-
torical continuity that can be followed in 
the tree of life. Moreover, as defined by 
Owen (1843),6 homologous organs show 
structural correspondence, i.e., the same 
connections with neighbor structures, 
as well as conserved topology within a 
comparable body plan of organization. 
By contrast, analogy depicts the relation-
ship between two traits that look simi-
lar but do not share common ancestry. 
If such traits arise independently in two 
taxa or species, they are called homoplasic 
and likely result from evolutionary con-
vergence. More recently, Shubin, Tabin 
and Carroll have coined the term “deep 
homology” to describe “the sharing of the 
genetic regulatory apparatus that is used 
to build morphologically and phylogeneti-
cally disparate animal features”.7,8 Below 
we develop an interpretation in favor 
of the former of these conditions: a true 
homology.

The Astyanax casquette secretes mucus, 
is innervated by the trigeminal nerve 
(although not by the exact same branch as 
the Xenopus cement gland), mediates lar-
val attachment to support like its amphib-
ian counterpart, and develops under the 
control of the same gene regulatory net-
work, including Bmp4 and Pitx1/2, as the 
one used to specify the Xenopus cement 
gland. In fact they are both ectodermal 
derivatives and share a placodal-like com-
mon genetic developmental specification, 
and they contain the same secretory type 
of cells. Thus, we think that mere analogy 
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shared than anticipated when considering 
exclusively laboratory models.

Then, in all the adhesive gland-
equipped aquatic larvae, is the gland used 
exactly in the same manner, and does it 
serve exactly the same function? The 
global role of attachment organs is cer-
tainly the protection of the larvae, but this 
goal is achieved through diverse and spe-
cific adaptive strategies, well illustrated by 
the 3 types of larva we have studied.1

As soon as they hatch, the larvae of 
Tilapia mariae (a perciform) form rosettes, 
in the aquarium as well as in a Petri dish. 
Inside the rosette, the larvae are attached 
heads to heads by their adhesive glands 
through filamentous mucus secretions 
mixed with sand and plant debris. This 
attachment is quite robust. The parents 
stay over the rosettes and guard them, so 
that there is no loss of larvae at this stage. 
Rosette formation is exclusive (meaning 
there are no freely-swimming larvae) dur-
ing three days after hatching, and then 
tends to decrease quickly, in parallel with 
the decrease in size and rapid disappear-
ance of the glands on the larval heads. 
Eight days after fertilization all the lar-
vae swim freely, always under parental 
guard, but they are now much more prone 
to predation by other fishes in the aquar-
ium and their number drops drastically. 
Concerning Astyanax (a characiform), 
there is no such formation of rosettes via 
the casquette. We hypothesized that sur-
face fish larvae use their casquette to stick 
to plant leaves or rocks and hide from 
predators, whereas cavefish larvae use it to 
adhere to the water surface, where oxygen 
levels are higher in the still waters of the 
ponds, and where they are not prone to 
predation by adults who are exclusive bot-
tom feeders. In sum, when comparing the 
attachment role of their adhesive glands, 
it appears that Astyanax larvae use their 
casquette to stick to substrate, whereas 
Tilapia larvae use it to stay grouped 
together. To precise the mechano-sensory 
role of their organs, more detailed studies 
and comparisons will be necessary. These 
emerging model species have a lot more to 
tell us about the evolution of their mor-
phologies and behaviors.

re-invented at least 12 times (and prob-
ably much more as discussed below) in the 
chordate tree (Fig. 2). The most parsimo-
nious hypothesis is therefore to propose 
that the organs generated by this ances-
tral developmental module are indeed 
homologous. The next challenge will be 
to understand how this module is specifi-
cally triggered on the head ectoderm, and 
perhaps to find an “adhesive organ regula-
tory cassette” in the non-coding sequences 
of the implicated genes.

A World of Adhesive Organs  
to Discover

Among teleosts, the two conventional and 
widely used laboratory models for devel-
opmental, physiological and behavioral 
studies are the zebrafish (Danio rerio, a 
cypriniform) and the medaka (Oryzias 
latipes, a beloniform). Strikingly, neither of 
them possesses a cement gland-like adhe-
sive organ, in relation with the idea that 
often, the species chosen by researchers 
to become models show peculiarities and 
losses. Conversely, adhesive organs have 
long been described in lungfishes9,10 and in 
actinopterygians in “classical” studies on 
ganoids (non-teleostean actinopterygians 
with hard, bony scales)11-13 as well as mor-
myres9 and several species of cichlids.14-17 
In fact, it is to be expected that if the 
presence of attachment organs in aquatic 
larvae was systematically investigated, the 
number of asterisks on the chordate tree in 
Figure 2 would increase significantly, and 
adhesive glands would appear more widely 

does not faithfully reflect the fact that the 
two organs are fully comparable with both 
the connectivity and the developmental 
specification criteria. Actually, only the 
apparent dorsal position of the Astyanax 
casquette and the Tilapia adhesive glands 
seems different from the ventral position 
of the Xenopus cement gland, making it 
difficult at first sight to propose a homol-
ogy hypothesis.

However, the weight of the criteria we 
have gathered appears heavy in favor of 
such a homology hypothesis. The adhe-
sive organs we have studied vary in shape, 
size, number, structure and position, and 
are therefore morphologically disparate. 
Yet we do not think they are phylogeneti-
cally disparate. Instead, we suggest that 
the anterior head ectoderm (as a field) 
of chordates has the potential to express 
an “adhesive organ developmental mod-
ule” in a versatile manner, in varied posi-
tions. Depending on where this module 
is recruited, the organ will not appear 
evidently homologous; however it is 
always an anterior ectodermal derivative. 
The developmental module itself is most 
probably ancestral, as adhesive organs are 
found in animals as diverse as ascidians, 
dipnoi, actinopterygians or amphibians 
(Fig. 2). The use of this module, driven 
by patterning and morphogenetic factors 
such as Otx, Pitx and Bmp, has been lost 
in a lot of species, but can nevertheless be 
virtually “traced back” in history at all 
nodes of the tree up to the common ances-
tor of all chordates. We think unlikely that 
such a developmental module has been 

Figure 1. Comparison of the Xenopus cement gland and the Astyanax casquette. Basic properties 
of the two organs (black) are compared: position, gene expression, trigeminal innervation and 
functional role. only the former is different between the two species.
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