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Larval attachment organs  
in six species of ostariophysan teleosts

Ralf Britz*

Attachment organs are predominantly known from larval stages of freshwater fishes and are used to attach to 
various substrates. They are functional upon hatching for a few days and usually disappear when the yolk sac 
is resorbed and the larvae are free swimming in the water column. Attachment organs are reported for the first 
time in a representative of the Gonorynchiformes (Anotophysi), the African freshwater fish Kneria sp., which 
has a single median, multicellular organ (Ilg’s type II) at the front of the head. Larvae of the two southern Asian 
cyprinid species studied here, Devario cf. regina and Pethia padamya, have very different attachment organs. That 
in Devario resembles the attachment organ in Kneria, but that of Pethia is much less defined and consists of many 
scattered cells concentrated on the front and snout area of the head (Ilg’s type I). Larval Pethia have numerous 
ciliated cells in the epidermis of their eyes, the only teleost with this feature. Ciliated epidermal cells are otherwise 
known from larvae of non-teleostean actinopterygians, dipnoans and amphibians.  
 Attachment organs in the larvae of the three characiforms differ in their position and structure. The South 
American Ctenolucius has double multicellular attachment organs (type II), one situated on top of the head, the 
other posteriorly in the dorsal midline on the trunk at the end of the abdominal region. The single, multicellular 
larval attachment organ of the South American Pyrrhulina (type II) has an unusual saddle-like shape and is situ-
ated on the posterior most part of its head. Larvae of the West African Rhabdalestes lack a discrete organ, but have 
numerous individual attachment cells (type I) at the front of their heads. 

Introduction

After hatching from their eggs, larvae of numer-
ous teleosts have the ability to attach to various 
substrates during the first few days of their life 
(e. g. Jones, 1937; Ilg, 1952; Barlow et al., 1968; 
Britz, 1997). Attachment is achieved with the aid 
of specialized cells or organs that are only present 
and functional during a short period of the larval 
phase, between hatching and free-swimming 
while the yolk sac is resorbed (Britz et al., 2000; 
Britz & Cambray, 2001). Attachment organs, 
sometimes called cement organs or cement glands, 

have been reported from members of a number 
of freshwater inhabiting fish taxa: the osteoglos-
somorph Pantodontidae (Britz, 2004), various 
Ostariophysi (e. g. Jones, 1938; Ilg, 1952; Merron et 
al., 1990; Britz et al., 2000; Pottin et al., 2010), Eso-
cidae (Schindler, 1935; Geyer, 1940; Braum et al., 
1996), Cichlidae (Lieberkind, 1931; Jones, 1937; Ilg, 
1952; Peters, 1965; Arnold et al., 1968; Bennemann 
& Pietzsch-Rohrschneider, 1978; Peters & Berns, 
1978a-b, 1982, 1983; Hamlett, 1990; Mejide & 
Guerrero, 2000; Pottin et al., 2010), Nandidae and 
Badidae (Barlow et al., 1968; Britz, 1997; Collins 
et al., 2015), Anabantoidei (Jones, 1940; Ilg, 1952; 

* Department of Life Sciences, The Natural History Museum, London, SW7 5BD, United Kingdom. E-mail: 
r.britz@nhm.ac.uk



33

Literature cited

Agassiz, A. 1879. The development of Lepidosteus. 
Proceedings of the American Academy of Arts and 
Sciences, 14: 65-76.

Arnold, M., K. Kristen & H. M. Peters. 1968. Die 
Haftorgane von Tilapia-Larven. Zeitschrift für 
Zellforschung, 91: 248-260.

Arora, H. L. 1948. Observations on the habits and life 
history of the batrachoid fish, Porichthys notatus 
Girard. Copeia, 1948: 89-93.

Assheton, R. 1896. Notes on the ciliation of the ectoderm 
of the amphibian embryo. Quarterly Journal of 
Microscopical Science, 38: 465-484.

Azevedo, P., M. V. Dias & B. B. Vieira. 1938. Biologia 
do sagirú. Memorias do Instituto Oswaldo Cruz, 
33: 481-553, Pls I-III.

Azevedo, P. & A. L. Gomes. 1943. Contribuição ao 
estudo da biologia da traíra Hoplias malabaricus 
(Bloch, 1794). Boletim de Indústria Animal, São 
Paulo, 5: 15-64.

Balfour, F. M. & W. K. Parker. 1882. On the structure and 
development of Lepidosteus. Philosophical Transac-
tions of the Royal Society of London, 173: 359-442.

Barlow, G. W., K. F. Liem & W. Wickler. 1968. Badidae, 
a new fish family-behavioral, osteological, and 
developmental evidence. Journal of Zoology, 156: 
415-447.

Bartsch, P., S. Gemballa & T. Piotrowski. 1997. The 
embryonic and larval development of Polypterus 
senegalus Cuvier 1829: its staging with reference 
to external and skeletal features, behaviour and 
locomotory habits. Acta Zoologica, 78: 309-328.

Bemis, W. E. & L. Grande. 1992. Early development of 
the actinopterygian head. I. External development 
and staging of the paddlefish Polyodon spathula. 
Journal of Morphology, 213: 47-83.

Bennemann, R. & I. Pietzsch-Rohrschneider. 1978. The 
morphology of the cement gland apparatus of 
larval Pterophyllum scalare Cuv. & Val. (Cichlidae, 
Teleostei). Cell and Tissue Research, 193: 491-501.

Braum, E., N. Peters & M. Stolz. 1996. The adhesive organ 
of larval pike Esox lucius L., (Pisces). Internationale 
Revue der Gesamten Hydrobiologie, 81: 101-108.

Britz, R. 1997. Egg surface structure and larval cement 
glands in nandid and badid fishes with remarks on 
phylogeny and zoogeography. American Museum 
Novitates, 3195: 1-17.

Britz, R. 2000. Aspects of the reproduction and develop-
ment of Indostomus paradoxus (Teleostei: Indosto-
midae). Ichthyological Exploration of Freshwaters, 
11: 305-314.

Britz, R. 2004. Egg structure and larval development of 
Pantodon buchholzi Peters 1877 (Teleostei: Osteoglos-
somorpha), with a review of data on reproduction 
and early life history in other osteoglossomorphs. Ich-
thyological Exploration of Freshwaters, 15: 209-224.

Britz, R. & P. Bartsch. 1998. On the reproduction and 
early development of Erpetoichthys calabaricus, 
Polypterus senegalus and Polypterus ornatipinnis 
(Actinopterygii: Polypteridae). Ichthyological Ex-
ploration of Freshwaters, 9: 325-334.

Britz, R. & J. A. Cambray. 2001. Structure of egg surfaces 
and attachment organs in anabantoids. Ichthyologi-
cal Exploration of Freshwaters, 12: 267-288.

Britz, R. & M. Kottelat. 1999. Carinotetraodon imitator, 
a new freshwater pufferfish from India (Teleostei: 
Tetraodontiformes). Journal of South Asian Natural 
History, 4: 39-47.

Britz, R., M. Kokoscha & R. Riehl. 1995. The anabantoid 
genera Ctenops, Luciocephalus, Parasphaerichthys, and 
Sphaerichthys (Teleostei: Perciformes) as a mono-
phyletic group: evidence from egg surface structure 
and reproductive behaviour. Japanese Journal of 
Ichthyology, 42: 71-79.

Britz, R., F. Kirschbaum & A. Heydt. 2000. Observations 
on the structure of larval attachment organs in three 
species of gymnotiforms (Teleostei: Ostariophysi). 
Acta Zoologica (Stockholm), 81: 57-67.

Bruce B. D. 2000. Gonorynchidae (sandfishes, beaked 
salmons). Pp. 92-95 in: J. M. Leis & B. M Carson-
Ewart (eds.), The larvae of Indo-Pacific coastal 
fishes: an identification guide to marine fish larvae. 
Brill, Leyden.

Budgett, J. S. 1901. On the breeding habits of some 
West-African fishes, with an account of the external 
features in development of Protopterus annectens 
and a description of the larva of Polypterus lapradei. 
Transactions of the Zoological Society London, 16: 
115-136.

Collins, R. A., R. Britz & L. Rüber. 2015. Phylogenetic 
systematics of leaffishes (Teleostei: Polycentridae, 
Nandidae). Journal of Zoological Systematics and 
Evolutionary Research, 53: 259-272.

Conway, K. W., O. Perrin & R. Britz. 2018. Notes on egg 
structure and larval development in the highly min-
iaturised and progenetic Paedocypris (Teleostei: Cy-
prinidae). Raffles Bulletin of Zoology, 66: 394-401.

Dean, B. 1897. On the larval development of Amia calva. 
Zoologische Jahrbücher, Abteilung für Systematik, 
Geographie und Biologie der Tiere, 9: 639-672.

Dovel, W. L. 1960. Larval development of the oyster toad-
fish, Opsanus tau. Cheasapeake Science, 1: 187-195.

Faustino, F., L. C. Makino, E. Neumann & L. S. O. Nak-
aghi. 2018. Ultrastructure aspects of Brycon gouldingi 
(Teleostei, Characidae) related to swimming ability 
and feeding during larval development. Journal of 
Fish Biology, 92: 1560-1573.

Fletcher, D. E. & S. D. Wilkins. 1999. Glue secretion 
and adhesion by larvae of sailfin shiner. Copeia, 
1999: 274-280.

Geyer, F. 1940. Der Ungarische Hundsfisch (Umbra 
lacustris Grossinger). Zeitschrift für Morphologie 
und Ökologie der Tiere, 36: 745-811.

Ichthyol. Explor. Freshwaters, IEF-1102



34

Greenwood, P. H. 1958. Reproduction in the East African 
lungfish Protopterus aethiopicus Heckel. Proceedings 
of the Zoological Society of London, 130: 547-561.

Hamlett, W. C. 1990. Subcellular structure and function 
of cement secreting glands in Pterophyllum scalare, 
a transient larval specialization. Journal of Sub-
microscopical Cytology and Pathology, 22: 27-37.

Henrikson, R. C. & A. G. Matoltsy. 1968. The fine struc-
ture of teleost epidermis II. Mucous cells. Journal 
of Ultrastructure Research, 21: 213-221.

Ilg, L. 1952. Über larvale Haftorgane bei Teleosteern. 
Zoologische Jahrbücher, Abteilung für Anatomie, 
72: 577-600.

Jones, S. 1937. On the origin and development of the ce-
ment glands in Etroplus maculatus (Bloch). Proceed-
ings of the Indian Academy of Sciences B, 6: 79-90.

Jones, S. 1938. On the breeding habits and development 
of a cyprinid, Danio malabaricus (Jerdon) in Ceylon. 
Ceylon Journal of Science, 6: 79-89.

Jones, S. 1940. Notes on the breedings habits and early 
development of Macropodus cupanus (Cuv. & Val.), 
with special reference to cement glands of the early 
larvae. Records of the Indian Museum, 42: 269-276.

Kerr, J. G. 1907. The development of Polypterus sen-
egalus. Pp. 195-284 in: J. G. Kerr (ed.), The Work 
of John Samuel Budgett. Cambridge University 
Press, Cambridge.

Kerr, J. G. 1909. Normal plates of the development of 
Lepidosiren paradoxa and Protopterus annectens. Pp. 
1-31 in: F. Keibel (ed.), Normentafeln zur Ent-
wicklungsgeschichte der Wirbeltiere, Zehntes Heft. 
Gustav Fischer, Jena.

Kessel, R. G., H. W. Beams & C-Y. Stuh. 1974. The ori-
gin, distribution and disappearance of surface cilia 
during embryonic development of Rana pipiens as 
revealed by scanning electron microscopy. Ameri-
can Journal of Anatomy, 141: 341-360.

Leis, J. & T. Trnski. 2000. Chanidae (milkfish). Pp. 88-91 
in: J. M. Leis & B. M. Carson-Ewart (eds.), The larvae 
of Indo-Pacific coastal fishes: an identification guide 
to marine fish larvae. Brill, Leyden.

Lieberkind, I. 1931. Über die Haftorgane bei Jungen von 
Pterophyllum eimekei E. Ahl. Zoologischer Anzeiger, 
97: 55-61.

Mejide, F. J. & G. A. Guerrero. 2000. Embryonic and 
larval development of a substrate-brooding cichlid 
Cichlasoma dimerus (Heckel, 1840) under laboratory 
conditions. Journal of Zoology, 252: 481-493.

Merron, G. S., K. K. Holden & M. N. Bruton. 1990. The 
reproductive biology and early development of 
the African pike, Hepsetus odoe, in the Okavango 
Delta, Botswana. Environmental Biology of Fishes, 
28: 215-235.

Padmanabhan, K. G. 1955. Breeding habits and early 
embryology of Macropodus cupanus (Cuv. & Val.). 
Bulletin of the Central Research Institute Trivan-
drum, 4: 1-45.

Peters, H. M. 1965. Über larvale Haftorgane bei Tilapia 
(Cichlidae, Teleostei) und ihre Rückbildung in der 
Evolution. Zoologische Jahrbücher, Abteilung für 
Allgemeine Zoologie und Physiologie der Tiere, 
71: 287-300.

Peters, H. M. & S. Berns. 1978a. Über die Vorgeschichte 
der maulbrütenden Cichliden. I. Was uns die Haft-
organe der Larven lehren. Aquarien Magazin, 12: 
211-217.

Peters, H. M. & S. Berns. 1978b. Über die Vorgeschichte 
der maulbrütenden Cichliden. II. Zwei Typen von 
Maulbrütern. Aquarien Magazin, 12: 324-331.

Peters, H. M. & S. Berns. 1982. Die Maulbrutpflege der 
Cichliden. Untersuchungen eines Verhaltensmus-
ters. Zeitschrift für Zoologische Systematik und 
Evolutionsforschung, 20: 18-52.

Peters, H. M. & S. Berns. 1983. Über den larvalen Haft-
apparat substratbrütender Cichliden (Teleostei). 
Zoologische Jahrbücher, Abteilung für Anatomie, 
109: 59-80.

Pottin, K., C. Hyacinthe & S. Rétaux. 2010. Conservation, 
development, and function of a cement gland-like 
structure in the fish Astyanax mexicanus. Proceed-
ings of the National Academy of Sciences, 107: 
17256-17261.

Ryder, J. A. 1890. The functions of the yolk-sac of the 
young toadfish. Proceedings of the Academy of 
Natural Sciences of Philadelphia, 42: 407-408.

Schindler, O. 1935. Zur Biologie der Larven von Barsch 
(Perca fluviatilis L.) und Hecht (Esox lucius L.). Ver-
handlungen der Deutschen Zoologischen Gesell-
schaft, 37: 141-149.

Welsch, U. & V. Storch. 1973. Die Feinstruktur verhorn-
ter und nicht verhornter ektodermaler Epithelien 
und der Hautdrüsen embryonaler und adulter 
Gymnophionen. Zoologische Jahrbücher, Abteilung 
für Anatomie, 90: 323-342.

Whiting, H. P. & Q. Bone. 1980. Ciliary cells in the 
epidermis of the larval Australian dipnoan, Neocera-
todus. Zoological Journal of the Linnean Society, 
68: 125-137.

Wirtz, P. 1994. Does the larva of Pholidichthys leucotaenia 
give a clue to the systematic position of the mono-
typic fish family Pholidichthyidae? Pp. 237-238 in: 
J. H. Schröder et al. (eds), Trends in ichthyology: 
an international perspective. Blackwell Science, 
Oxford.

Wunder, W. 1935. Das Verhalten von Knochenfischen 
beim Ausschlüpfen aus dem Ei und in den ersten 
Lebenstagen. Verhandlungen der Deutschen Zoo-
logischen Gesellschaft, 37: 60-65.

Received 14 September 2018
Revised 5 November 2018

Accepted 26 November 2018

Britz: Larval attachment organs



Dieser Beitrag kann als 
PDF-Datei erworben werden.

Verfügbarkeit von PDF-Dateien
Prinzipiell sind von allen unseren Publikationen PDF-
Dateien erhältlich. Komplette Publikationen in der Regel 
erst nachdem die gedruckte Version vergriffen ist. An-
fragen bezüglich bestimmter Beiträge richten Sie bitte 
per E-Mail an pdf@pfeil-verlag.de.

Die PDF-Dateien sind urheberrechtlich geschützt.
Ein Ausdruck der PDF-Dateien ist nur für den persönli-
chen Gebrauch erlaubt.
Die Vervielfältigung von Ausdrucken, erneutes Digitali-
sieren sowie die Weitergabe von Texten und Abbildungen 
sind nicht gestattet.
Das persönliche Zertifi kat und das Passwort dürfen nicht 
an Dritte weitergegeben werden.

Preise
Bücher: Die Preise sind dem Katalog zu entnehmen.
Zeitschriftenbeiträge und einzelne Kapitel aus Sammel-
bänden bzw. Büchern:
10 EURO Grundbetrag pro Bestellung (einschließlich 
der ersten 10 Seiten),
und
0,50 EURO pro Seite ab der 11. Seite.
Den Umfang der Beiträge entnehmen Sie bitte den In-
haltsverzeichnissen.

Bestellungen
Bestellungen können über den online-Shop, das For-
mular, oder formlos per E-Mail (pdf@pfeil-verlag.de) an 
uns gerichtet werden. Wir benötigen nur Ihren Namen 
und Ihre Anschrift für die Rechnungserstellung. Sie er-
halten anschließend eine Bestellbestätigung incl. Preis 
und Link zur Zahlungsabwicklung. Bei Bestellungen über 
den online-Shop und sofortiger Zahlung kann die E-Book-
Datei ohne Umwege bereitgestellt werden.

Abwicklung
So bald wie möglich, aber abhängig von unseren Büro-
zeiten und der gewünschten Bestellung, schicken wir 
Ihnen die Bestellbestätigung. Nach Zahlungseingang 
erhalten Sie die PDF-Datei(en) zusammen mit Ihrem 
persönlichen Zertifi kat und dem zugehörigem Passwort 
per E-Mail. Größere Dateien bieten wir Ihnen gegebe-
nenfalls zum Herunterladen an. Die Rechnung für Ihre 
Bestellung erhalten Sie per E-Mail.
Um die verschlüsselten PDF-Dateien öffnen zu können, 
muss bei der ersten Bestellung das passwortgeschütz-
te persönliches Zertifi kat installiert werden, welches 
anschließend auf dem Rechner verbleibt. Alle mit diesem 
Zertifi kat verschlüsselten Dateien können dann auf 
diesem Rechner geöffnet werden.

The whole contribution can be 
purchased as PDF fi le.

Availability

Generally all our publications are available as PDF fi les; 
full publications as a general rule after the printed version 
is out of print. If you have questions concerning particu-
lar contributions please contact us by e-mail: 
 pdf@pfeil-verlag.de.

The PDF fi les are protected by copyright.

The PDF fi le may be printed for personal use.
The reproduction and dissemination of the content or 
part of it is permitted.
It is not allowed to transfer the digital personal certifi cate 
or the password to other persons.

Prices

Books: Prices are to be found in the catalog.

Articles in journals and single contributions or chapters 
in books:

10 EURO basic price per order (including the fi rst 10 
pages),
and
0.50 EURO per page, beginning with the 11th page.

Page numbers are found in the contents of the publica-
tions.

Orders

Orders can be sent to us via the online shop, by using 
the PDF order form, or informally by e-mail (pdf@pfeil-
verlag.de). All we need is your name and address for 
invoicing. You will then receive an order confi rmation incl. 
price and link for the payment processing. For orders 
via the online shop and immediate payment, the fi le can 
be provided without detours.

Completion

As soon as possible, but depending on our offi ce hours 
and the desired order, we will send you the order con-
fi rmation. After payment you will receive the PDF fi le(s) 
together with your personal certifi cate and the corre-
sponding password by e-mail. Larger fi les are available 
for downloading. You will receive the invoice for your 
order by e-mail.
In order to be able to open the encrypted PDF fi les, the 
password-protected personal certifi cate must be installed 
at the fi rst order, which then remains on the computer. 
All fi les encrypted with this certifi cate can then be opened 
on this computer.


