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Abstract: Fincrawling is a unique, recognizable behaviour pattern exhibited by many flatfishes (order
Pleuronectiformes), whereby the fish uses the fin rays of the dorsal and anal fins to walk over the substratum.
The distribution of this behaviour among flatfishes indicates it appeared early in the phylogeny of the
Pleuronectiformes. Fincrawling is a common character of the Pleuronectoidei, and a possible synapomorphy of
the suborder.

Résumé : Recherches complémentaires sur I'aptitude a ramper avec les nageoires chez les poissons plats
(Teleostei : Pleuronectiformes) : implications phylogénétiques. Ramper grace aux nageoires est un comportement
unique présent chez de nombreux poissons plats (ordre des Pleuronectiformes), au cours duquel I'animal utilise
les rayons de ses nageoires dorsales et anales pour se déplacer sur le substrat. La présence de ce comportement
au sein des poissons indique qu’il est apparu tét dans I'évolution des Pleuronectiformes. Ramper grace aux
nageoires-est un caractére commun aux Pleuronectoidei et une possible synapomorphie du sous-ordre.
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Introduction

Fincrawling is a recognizable behaviour pattern of
some flatfishes (order Pleuronectiformes), whereby
the fish, instead of swimming, uses the fin rays of the
dorsal and anal fins to walk over the bottom (see the
numerous videos listed in table 1, e.g. www.youtube.
com/watch?v=2PscOX7W_UQ). Wirtz & Davenport
(2018) described this unique behaviour pattern in
detail. Fincrawling flatfish show near-sinusoidal waves

Recu le 9 juin 2022 ; accepté aprées révision le 15 février 2023.
Received 9 June 2022; accepted in revised form 15 february 2023.

of dorsal and/or anal fin movements; the caudal fin
is motionless. ‘Contact patches’ (i.e. sites where
several fin rays simultaneously exert force against the
substratum) move backwards along the body as the
wave of fin ray movements travels forwards and new
fin ray tips enter the patches. This process is reversed
when the fish crawls backwards (i.e. the waves of fin
movements are directed caudally, while the positions
of contact patches move cranially). Fincrawling flatfish
can even turn by dorsal and anal fin waves moving
in opposite directions. Fox et al. (2018) independently
described the fincrawling mechanism for six species
of Pleuronectidae, referring to the contact patches as
‘feet’. Wirtz & Davenport (2018) showed that this type of
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locomotion apparently evolved early in the phylogeny
of the Pleuronectiformes, either once or several
times. Their review lacked observations for several
families (Psettodidae, Citharidae, Rhombosoleidae,
Achiropsettidae, Poeciliopsettidae). Here we present
the results of additional observations and advance
a hypothesis concerning the origin of this behaviour
pattern.

Materials and Methods

Flatfish locomotion was filmed by SCUBA-
supported video near Canigco, Madeira Island
(32°38'N-16°49'W) and Tarrafal, the Cape Verde
Islands (15°16°N-23°45"W) with Canon Powershot
digital cameras. We also searched internet sources
(mainly YouTube and FishBase) for films of flatfish
locomotion. Finally, we contacted SCUBA divers and
the keepers of several public aquaria around the world
and asked them to film flatfish locomotion for us. These
additional films were deposited in ResearchGate to

make all data publicly accessible. Motion Analysis
Tools-DX9-Shareware Version 2.7.3 (Ottawa Hospital
Rehabilitation Centre, Ottawa, ON, Canada) and the
free analytical tool Kinovea (https://www.kinovea.org/)
were used to analyse the films. Stillimages of flatfish in
books or on internet sites were used as evidence only
when unambiguously showing fincrawling behaviour.
Identified cases of fincrawling were mapped onto
the most recent phylogeny of the Pleuronectiformes
(Atta et al, 2021). Recent morphological and
molecular studies, including evidence from fossils,
have provided new insights into the phylogeny of the
order Pleuronectiformes (Campbell et al., 2019 & 2020;
Chanetetal., 2020; Atta etal., 2021). The tree proposed
by Atta et al. (2021) has been chosen here as the
most recent one. The positions of several groups are
different amongst these works, meaning that flatfishes’
classification is not yet stable. But the discrepancies
between these trees (viz: status of Citharidae and
positions of the Achiridae and Samaridae) do not affect
the distribution of the fincrawling among these groups.

Figure 1. Tree showing the interrelationships of flatfishes and reconstruction of ancestral states of fincrawling. Black star (*)
indicates observed presence of fincrawling while black circle () indicates ancestral state of fin crawling.
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Table 1: Fincrawling flatfishes. List of species, with sources, where fincrawling has been observed.

Family/species

type of evidence

Reference

Psettodidae

Citharidae

Citharus linguatola (Linnaeus, 1758)
Citharus linguatola (Linnaeus, 1758)
Scophthalmidae

Lepidorhombus whiffiagonis (Walbaum, 1792)
Scophthalmus rhombus (Linnaeus, 1758)
Scophthalmus maximus (Linnaeus, 1758
Zeugopterus regius (Bonnaterre, 1788)
Zeugopterus regius (Bonnaterre, 1788)
Zeugopterus regius (Bonnaterre, 1788)
Zeugopterus punctatus (Bloch, 1787)
Zeugopterus punctatus (Bloch, 1787)
Zeugopterus punctatus (Bloch, 1787)
Paralichthyidae

Ancylopsetta cycloidea Tyler, 1959
Paralichthys adspersus (Steindachner, 1867)
Paralichthys californicus (Ayres, 1859)
Paralichthys dentatus (Linnaeus, 1766)

Paralichthys lethostigma Jordan & Gilbert, 1884
Paralichthys olivaceus (Temminck & Schlegel, 1846)
Pleuronectidae

Eopsetta grigorjewi (Herzenstein, 1890)

Isopsetta isolepis (Lockington, 1880)

Lepidopsetta bilineata (Ayres, 1855)

Lyopsetta exilis (Jordan & Gilbert, 1880)

Parophrys vetulus Girard, 1854

Platichthys flesus (Linnaeus, 1758)

Platichthys stellatus (Pallas, 1787)

Pleuronectes platessa Linnaeus, 1758

Pleuronectes platessa Linnaeus, 1758
Pleuronichthys sp.

Pleuronichthys coenosus Girard, 1854
Psettichthys melanostictus Girard, 1854
Pseudopleuronectes americanus (Walbaum, 1792)
Cyclopsettidae

Citharichthys stigmaeus Jordan & Gilbert, 1882
Citharichthys stigmaeus Jordan & Gilbert, 1882
Cyclopsetta fimbriata (Goode & Bean, 1885)
Syacium guineensis (Bleeker, 1862)

Syacium micrurum Ranzani, 1840

Syacium papillosum (Linnaeus, 1758)

no data

film

film

photo
film
verbal description
verbal description
film
film
verbal description
film

film

film
film
film

verbal description
and drawing

film

film

film
verbal description
verbal description
verbal description
verbal description
film
verbal description

verbal descrip-
tion

film
film
film
verbal description

verbal description

film
film
film
film
film

film

Munaretto (2015a)
Munaretto (2015b)

Kay & Dipper (2009: 152)
Underwater Ireland (2012)
Holmes & Gibson (1983)
Holmes & Gibson (1983)
Mescachlin (2014)
Naylor (2016)
Holmes & Gibson (1983)
Tyburski (2017)
Naylor (2017)

VideotecaFaunaPR (2012)
Book Publisher International (2020)
Marti & Wirtz (2021c)

Olla et al. (1972)

gcrlweb (2013)
Tsujita (2015)

Tsujita (2015b)
Fox et al 2018
Fox et al 2018
Fox et al 2018
Fox et al 2018
Bidone 1967 (2010)
Orcutt (1950), Fox et al (2018)
Holmes & Gibson (1983)

Naylor (2019)
Webster (2013)
Marti & Wirtz (2021b)
Fox et al (2018)
Olla et al (1969)

Vantuna Research Group (2013)
Marti & Wirtz (2021d)
Wilk (2007)
Wirtz (2017)
Wilk (2007)
Wilk (2007)
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Family/species type of evidence

Reference

Bothidae
Arnoglossus bassensis Norman, 1926 film
Arnoglossus laterna (Walbaum, 1792) photo
Asterorhombus intermedius (Bleeker, 1865) film
Bothus lunatus (Linnaeus, 1758) photo and verbal
description
Bothus mancus (Broussonet, 1782) film
Bothus mancus (Broussonet, 1782) film
Bothus ocellatus (Agassiz, 1831) film
Bothus pantherinus (Rippell, 1830) film
Bothus podas (Delaroche, 1809) film
Achiropsettidae no data
Rhombosoleidae
Pelotretis flavilatus Waite, 1911 film

Peltorhamphus novaezeelandiae Gunther 1862 film by Karl War

Rhombosolea retiaria Hutton, 1874 verbal description

Rhombosolea leporina Glinther, 1862 verbal description

Oncopteridae no data
Paralichthodidae no data
Achiridae

Achirus achirus (Linnaeus, 1758) film
Achirus novoae Cervigén, 1982 film
Achirus sp. film
Catathyridium jenynsii (Gunther, 1862) film
Hypoclinemus mentalis (Glnther, 1862) film
Trinectes maculatus (Bloch & Schneider, 1801) film

Trinectes paulistanus (Miranda Ribeiro, 1915) verbal description

Cynoglossidae

Cynoglossus feldmanni (Bleeker, 1854) film
Cynoglossus sinusarabici (Chabanaud, 1931) photo
Paraplagusia japonica (Temminck and Schlegel, 1846) film
Paraplagusia japonica (Temminck and Schlegel, 1846) film
Symphurus awarak Robins & Randall, 1965 film
Symphurus insularis Munroe, Brito & Hernandez, 2000 film
Symphurus ommaspilus Bohlke, 1961 film
Soleidae

Aesopia cornuta Kaup, 1853 film
Aseraggodes albidus Randall & Desoutter-Meniger, photo

2007

Aseraggodes kaianus (Gunther, 1880) verbal description
Aseraggodes lenisquamis Randall, 2005 film
Aseraggodes sp. film

Brachirus harmandi (Sauvage 1878) film

Finn & Norman (2016)
Kay & Dipper (2009: 144)
Divelndia Andamans (2019)

Ivan Sazima (pers. comm to PW)

Undersea Productions (2016a)
Van Geen (2015)
Undersea Productions (2016b)
Undersea Productions (2016c)
Wirtz (2017a)

Miller (2021)
Warr & Wirtz (2021a)
Karl Warr (pers.comm to PW)
Karl Warr (pers.comm to PW)

MrCitzen (2011)
Hertzman (2019)
Dimoski (2017)
Simso (2015)
Muh-Kuh (2016)
Odum (2018)

Ivan Sazima (pers comm to PW)

Schafer (2016)
Dafni (2016)
Japan Underwater Films (2016)

https://www.youtube.com/channel/UCdfyG80i-yECVsVY T
TOEQ

Wilk (2007)
Wirtz & Dellinger (2017)
Wilk (2007)

Baumeister (2016)
Randall (2016b)

Kuiter & Tonozuka (2004: 397)
Harasti (2020)

Japan Underwater Films (2016)
Roestad (2009)



https://www.youtube.com/channel/UCdfyG8oi-yECVsVY_T_TOEQ
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Table 1 End.

Family/species type of evidence Reference
Brachirus panoides (Bleeker, 1851) ilm Paddock Farm (2012)
Brachirus panoides (Bleeker, 1851) film Nhi (2015)
Brachirus siamensis (Sauvage 1878) film wwwrochenat (2011)
Buglossidium luteum (Risso, 1810) film fishbaseyt (2009)
Liachirus melanospilos (Bleeker, 1854) film Marti & Wirtz (2021a)
Microchirus ocellatus Linnaeus, 1758 film Wirtz (2017)
Microchirus variegatus (Donovan, 1808) photo Golani et al. (2006: 231)
Monochirus hispidus Rafinesque, 1814 photo Louisy (2015: 412)
Monochirus hispidus Rafinesque, 1814 film Gil & Wirtz (2021a)
Pardachirus marmoratus (Lacépede, 1802) film Roman S. (2012)
Pardachirus marmoratus (Lacépede, 1802) film Kasmani (2018)
Pardachirus pavoninus (Lacépede, 1802) film Undersea Productions (2016d)
Pegusa lascaris (Risso, 1810) film Gil & Wirtz (2021b)
Phyllichthys punctatus McCulloch, 1916 photo Kuiter & Tonozuka (2004: 399)
Pseudaesopia japonica (Bleeker, 1860) film Japan Underwater Films (2016)

Solea solea (Linnaeus, 1758)

Solea solea (Linnaeus, 1758)

Solea solea (Linnaeus, 1758)

Solea solea (Linnaeus, 1758)

Soleichthys dori Randall & Munroe, 2008
Soleichthys hetorhinos (Bleeker, 1856)
Soleichthys «sp. 1»

Soleichthys «sp. 2»

Soleichthys «sp. 3»

Soleichthys microcephalus (Gunther, 1862)
Synaptura sp.

Zebrias scalaris Gomon, 1987

Zebrias zebrinus (Temminck & Schlegel, 1846)
Poecilopsettidae

Samaridae

Samaris cristatus Gray, 1831

Samaris cristatus Gray, 1831

Samaris cristatus Gray, 1831

Samariscus triocellatus Woods, 1960

Samariscus triocellatus Woods, 1960

verbal description
verbal description
photo
film
film
film
film
photo
film
photo
film
photo
film

no data

photo
film
film

photo
film

Kruuk (1963: 13)
Holmes & Gibson (1983)
Irving (1998: 160)
WKNaturkart (2013)
Popov (2017)
shutterstock.com (2016)
DelLoach (2012)

Kuiter & Tonozuka (2004: 397)
Harding (2017)

Kuiter & Kuiter (2018: 333)
O’Neill & Gibb (2001)
Scubazoo/ Science Photo Library (2016)
Kuiter & Kuiter (2018: 333)

Kuiter & Tonozuka (2004: 400)
Sea Story (2016)
liquidguru (2011)

Randall, 2016a
Giwdul (2019)

Having accumulated more than 100 records of
fincrawling in flatfish species, we can now attempt

to reconstruct the origin of this behaviour pattern, by
plotting its distribution onto the phylogenetic tree of the
order. Probable ancestral states of fincrawling were

then reconstructed using the rule of

minimizing the number of evolutionary transitions.

parsimony, i.e.

Results

We have gathered 104 records of fincrawling
behaviourfor 85 flatfish species from 48 differentgenera
belonging to eleven recognized flatfish families. These
are listed in table 1. In ten of the eleven families, at least
two species from two different genera are documented
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to show fincrawling behaviour. Fincrawling behaviour
has been observed in Citharidae, Scophthalmidae,
Paralichthyidae, Pleuronectidae, Cyclopsettidae,
Bothidae, Rhombosoleidae, Samaridae, Achiridae,
Cynoglossidae and Soleidae. Fincrawling behaviour
is shown by both dextral and sinistral flatfish species
(e.g. Soleidae and Scophthalmidae respectively).
Observations of this behaviour pattern are lacking
for species belonging to the following families
Achiropsettidae, Oncopteridae, Paralichthodidae,
Poecilopsettidae and fincrawling could not be observed
in films showing members of the family Psettodidae
swimming.

The current phylogenetic tree of the
Pleuronectiformes (Atta et al., 2021) recognizes 16
differentfamilies (Fig. 1). Fincrawling has beenrecorded
in the families Achiridae, Samaridae, Cynoglossidae
and Soleidae; it is therefore parsimonious to assume
that it also occurred in the common ancestor of
these families, including the family Poecilopsettidae.
Similarly (compare Fig. 1), it can be argued that the
common ancestor of all families from Scophthalmidae
to Pleuronectidae was most likely already fincrawling.
Thus, the origin of the behaviour pattern fincrawling
can be traced back to the base of all flatfish families
from Citharidae to Pleuronectidae, i.e. the most recent
common ancestor of the suborder Pleuronectoidei.

By mapping the presence of a recessus orbitalis
(an organ that allows flatfishes to protrude their eyes
above the substratum whilst buried; Campbell et al.,
2020) onto the flatfish tree, Chanet et al. (2020) have
shown that this character is restricted to and a probable
synapomorphy of the suborder Pleuronectoidei. Thus,
the distribution patterns of the morphological character
‘recessus orbitalis and the behavioural character
‘fincrawling’ are congruent.

Discussion

In 1941, Konrad Lorenz showed that behaviour
patterns, just like morphological structures, can be
used to construct phylogenetic trees. Conversely,
by plotting the presence of a behaviour pattern onto
an existing phylogeny, the time of its probable origin
can be elucidated (e.g. Johnson, 2000; Kitaura et al.,
2006; Horka et al., 2018). Our phylogenetic analysis
indicates that fincrawling behaviour appeared early in
the phylogeny of the Pleuronectiformes. Itis a common
characterofthe Pleuronectoidei. If Psettodidae also use
fincrawling, this behavior pattern would be a putative
synapomorphy of the order Pleuronectiformes. If it
could be shown that Psettodidae do not use fincrawling,
this behavior pattern would be a synapomorpohy of

the suborder Pleuronectoidei. There are films on the
internet showing the locomotion of flatfishes belonging
to the family Psettodidae (e.g. Mama Dive Amed,
2018; RemsProd, 2021; see Electronic references).
Fincrawling behaviour cannot be seen in them.
Nevertheless, adult Psettodidae are heavy animals
and are unlikely to use fincrawling for locomotion. It
could be interesting to look for observations of young
or juvenile psettodids to detect eventual fincrawling.

Fincrawling is probably an energetically inexpensive
type of locomotion, not only because of its slowness,
but also because the body of the fish is essentially
held rigid (promoting low drag) and very close to the
substratum. It also provides greater manoeuvrability
than swimming, allowing backwards movement and
tight turns.

Fincrawling behaviour is obviously linked to the
characteristics of the median fin musculature and
its innervation. A detailed analysis of the neuro-
muscular anatomy of flatfish median-fin rays, in
particular a comparison of the Pleuronectoidei with the
Psettoidei, is not yet available but would be desirable.
Cunningham (1890: Pl XIL) illustrated, but not in
detail, the muscular anatomy of the median-fin rays
in Solea solea (Linnaeus, 1758) (Soleidae). Hoshino
(2001a & b) described median-fin ray characters
in citharid species, but this study was limited to the
caudal region. Some juvenile flatfishes resemble toxic
flatworms in colour pattern (Kuiter, 1991; Randall,
2005). When they are fincrawling, this resemblance
is much enhanced. Thus, fincrawling behaviour could
have been a “preadaptation” permitting mimicry of
flatworms.

Acknowledgements

Fatima Gil, David Harasti, Walter Marti, Nicole Miller,
and Karl Warr made films of fincrawling flatfishes for
this study. Walter Marti sent not one but 12 videos.
Ivan Sazima sent information on fincrawling flatfishes
from Brazil. Thanks to Klaus Stiefel. The following
kindly helped in the search for more films and/or with
the identification of flatfish species shown in film clips:
David Harasti, Rudie Kuiter, Libby Liggins, Milton
Love, Tom Trnski, Karl Warr. Agnés Dettai (MNHN,
Paris) and Claude Guintard, (ONIRIS, Nantes) helped
with the French translation of the word “fincrawling”.
We would like to also thank the two reviewers who
analysed accurately a first version of the ms.

Data accessibility: The films made particularly for
this project were deposited in the ResearchGate page
of the first author:

https://www.researchgate.net/profile/Peter-Wirtz .


https://www.researchgate.net/profile/Peter-Wirtz .

P.WIRTZ; J. DAVENPORT & B. CHANET 225

References

Atta C.J., Yuan H., Li C., Arcila D., Betancur-R R., Hughes
L.C., Orti G. & Tornabene L. 2021. Exon-capture data and
locus screening provide new insights into the phylogeny of
flatfishes (Pleuronectoidei). Molecular Phylogenetics and
Evolution, 166: 107315. Doi: 1016/j.ympev.2021.107315

Campbell M.A., Chanet B., Chen J.-N. Mao-Ying L. & Chen
W.-J. 2019.0rigins and relationships of the Pleuronectoidei:
molecular and morphological analysis of living and fossil
taxa. ZoologicaScripta, 48: 640-656.

Doi: 10.1111/zsc.12372

Campbell M.A., Tongbookua P., Chanet B. & Chen W.-J. 2020.
The distribution of the recessus orbitalis across flatfishes
(order: Pleuronectiformes). Journal of Fish Biology, 97: 293-
297. Doi: 10.1111/jfb.14356

Chanet B., Mondéjar-Fernadez J. & Lecointre G. 2020. Flatfishes
interrelationships revisited based on anatomical characters.
Cybium, 44: 9-18. Doi: 10.26028/cybium/2020-441-002

Cunningham J.T. 1890. A Treatise on the Common Sole
(Solea vulgaris), considered both as an Organism and as
a Commodity. Marine Biological Association of the United
Kingdom: Plymouth, UK,147 pp.

Fox C.H., Gibb A.C., Summers A.P. & Bemis W.B. 2018.
Benthic walking, bounding, and manoeuvring in flatfishes
(Pleuronectiformes: Pleuronectidae): New vertebrate gaits.

Zoology, 130: 19-29. Doi: 10.1016/j.z001.2018.07.002

Golani D., Oztirk B. & Basusta N. 2006. Fishes of the Eastern
Mediterranean. Turkish Marine Research Foundation,
Publication no. 24. Istanbul, Turkey, 259 pp.

Holmes R.A. & Gibson R.N. 1983. A comparison of predatory
behaviour in flatfish. Animal Behaviour, 31: 1244-1255.

Doi: 10.1016/S0003-3472(83)80031-1 not in the text

Horka ., De Grave S., Fransen C.H.J.M., Petrusek A. & Duri§
Z.2018. Multiple origins and strong phenotypic convergence
in fish-cleaning palaemonid shrimp lineages. Molecular
Phylogenetics and Evolution, 124: 71-81.

Doi: 10.1016/j.ympev.2018.02.006

Hoshino K. 2001a. Homologies of the caudal fin rays of
Pleuronectiformes (Teleostei). Ichthyological Research, 48:
231-246. Doi: 10.1007/s10228-001-8141-6

Hoshino K. 2001b. Monophyly of the Citharidae (Pleuronectoidei:
Pleuronectiformes: Teleostei) with considerations of
pleuronectoid phylogeny. Ichthyological Research, 48: 391-
404. Doi: 10.1007/s10228-001-8163-0

Irving R. 1998. Sussex Marine Life: Identification Guide for
Divers. Sussex Seasearch: UK, 178 pp.

Johnson K.P. 2000. The evolution of courtship display repertoire
size in the dabbling ducks (Anatini). Journal of Evolutionary
Biology, 13: 634-644.

Doi: 10.1046/j.1420-9101.2000.00200.x

Kay P. & Dipper F. 2009. A Field Guide to the Marine Fishes of
Wales and Adjacent waters. Countryside Council for Wales:
Llanfairfechan, UK, 256 pp.

Kitaura J., Nishida M. & Wada K. 2006. The evolution of social
behaviour in sentinel crabs (Macrophthalmus): implications
from molecular phylogeny. Biological Journal of the Linnean
Society, 88: 45-59.

Doi: 10.1111/j.1095-8312.2006.00609.x

Kruuk H. 1963. Diurnal periodicity in the activity of the common
sole, Solea vulgaris Quensel. Netherlands Journal of Sea
Research, 2: 1-16. Doi: 10.1016/0077-7579(63)90002-4

Kuiter R.H. & Kuiter T. 2021. Fish Watchers Guide to Coastal

Sea-Fishes of South-eastern Australia, 2™ edition. Aquatic
Photographics: Melbourne, 372 pp.

Kuiter R.H. & Tonozuka T. 2004. Pictorial Guide to Indonesian
Reef Fishes. PT Dive & Dive’s: Bali, Indonesia, 400 pp.

Lorenz K. 1941. Vergleichende Bewegungsstudien an Anatiden.
Journal of Ornithology, 89: 194-294.

Louisy P. 2015. European and Mediterranean Marine Fish
Identification Guide. Ulmer: Germany, 512 pp. Olla B.L,,
Wicklund R. & Wilk S. 1969. Behavior of winter flounder in
a natural habitat. Transactions of the American Fisheries
Society, 98: 717-720.

Doi: 10.1577/1548-8659(1969)98[717:BOWFIA]2.0.CO;2

Olla B.L., Samet C.E. & Studholme A.L. 1972. Activity and
feeding behavior of the summer flounder (Paralichthys
dentatus) under controlled laboratory conditions. Fishery
Bulletin, 70: 1127-1136.

Orcutt H.G. 1950. The life history of the starry flounder,
Platichthysstellatus (Pallas). State of California Department
of Natural Resources Division of Fish and Game Fish
Bulletin. 78: 1-64.

RemsProd 2021. https://www.pond5.com/de/stock-footage/
item/34801272-indischen-heilbutt-psettodes-erumei-
schwimmen.

Wirtz P. & Davenport J. 2018. Fin crawling in flatfishes (Teleostei:
Pleuronectiformes). Bulletin of Fish Biology, 17: 29-38.

Electronic References

Baumeister A. 2016. Unicorn-sole-aesopia-cornuta-night-dahab-
red-sea. Available at:
http://www.robertharding.com/preview/903-147/ (last
accessed 16 October 2021).

Bidone1967 2010. Flounder & Turbot Saltwater Aquarium /
Flunder & Steinbutt im Zoo Leipzig. Available at:
http://www.youtube.com/watch?v=-VIoBYsAhOs&t=21s (last
accessed 16 October 2021).

Book Publisher Internationa 2020. Movement Patterns of Chilean
Flounder (Paralichthys adspersus) inside Tongoy Bay.
Available at:
https://www.youtube.com/watch?v=9nnsdWu_zlY (last
accessed 13 May 2021).

Dafni J. 2016. Cynoglossus sinusarabici. Available at:
http://www.fishbase.org/photos/PicturesSummary.
php?id=16281&picname=Cysin_ (last accessed 16 October
2021)

DelLoach A. 2012. Mimicry: The Sole and the Flatworm.
Available at:
http://blennywatcher.com/2012/05/07/mimicry-the-sole-and-
the-flatworm/ (last accessed 16 October 2021).

Dimoski G. 2017. Achirus Sp. Rio Ucuyali + Wf Microgeophagus
Ramirezi. Available at:
https://www.youtube.com/watch?v=zeokcmmcV_Q (last
accessed 16 May 2021).

Divelndia Andamans 2019. The Angler Flounder, Flounder Fish
(Asterorombus intermedius). Available at:
https://www.youtube.com/watch?v=FOLutbm-IW4 (last
accessed 15 May 2021).

Finn J.K. & Norman M.D. 2016. Arnoglossus bassensis. Available
at: https://www.youtube.com/watch?v=1j3F5p9tQcA (last
accessed 16 October 2021).

fisbaseyt 2009. Buglossidium luteum (Solenette). Available at:



http://1016/j.ympev.2021.107315 
http://10.1111/zsc.12372
Doi: 10.1111/jfb.14356
http://10.26028/cybium/2020-441-002
http://10.1016/j.zool.2018.07.002
http://10.1016/S0003-3472(83)80031-1
http://10.1016/j.ympev.2018.02.006
http://10.1007/s10228-001-8141-6 
http://10.1007/s10228-001-8163-0 
Doi:%20https://doi.org/10.1046/j.1420-9101.2000.00200.x
http://dx.doi.org/10.1111/j.1095-8312.2006.00609.x
https://doi.org/10.1016/0077-7579(63)90002-4 
Doi:%20https://doi.org/10.1577/1548-8659(1969)98%5b717:BOWFIA%5d2.0.CO;2
https://www.pond5.com/de/stock-footage/item/34801272-indischen-heilbutt-psettodes-erumei-schwimmen.
https://www.pond5.com/de/stock-footage/item/34801272-indischen-heilbutt-psettodes-erumei-schwimmen.
https://www.pond5.com/de/stock-footage/item/34801272-indischen-heilbutt-psettodes-erumei-schwimmen.
http://www.robertharding.com/preview/903-147/
http://www.youtube.com/watch?v=-VloBYsAhOs&t=21s 
https://www.youtube.com/watch?v=9nnsdWu_zlY 
http://www.fishbase.org/photos/PicturesSummary.
http://php?id=16281&picname=Cysin_
http://blennywatcher.com/2012/05/07/mimicry-the-sole-and-the-flatworm/ 
http://blennywatcher.com/2012/05/07/mimicry-the-sole-and-the-flatworm/ 
https://www.youtube.com/watch?v=zeokcmmcV_Q (last accessed 16 May 2021).
https://www.youtube.com/watch?v=zeokcmmcV_Q (last accessed 16 May 2021).
https://www.youtube.com/watch?v=FOLutbm-lW4
https://www.youtube.com/watch?v=1j3F5p9tQcA 

226 EVOLUTION OF FINCRAWLING

https://www.youtube.com/watch?v=1j3F5p9tQcA (last
accessed 16 October 2021).

gcriweb 2013. Southern Flounder Eating a Bull Minnow.
Available at:
https://youtu.be/KTQRONWuUP08 (last accessed 13 May
2021).

Giwdul B. 2019. Soles a trois taches, accouplement ? Available
at: https://www.youtube.com/watch?v=L2CI9gyuRNw (last
accessed 17 May 2021)

Gil F. & Wirtz P. 2021a. Fincrawling behaviour of Monochirus
hispidus Rafinesque, 1814 (Soleidae). Available at:
https://www.researchgate.net/publication/350637633
Fincrawling_behaviour_of_Monochirus_hispidus
Rafinesque_1814_Soleidae (last accessed 18 May 2021).

Gil F. & Wirtz P. 2021b. Fincrawling behaviour of Pegusa lascaris
(Risso, 1810) (Soleidae). Available at:
https://www.researchgate.net/publication/350637737
Fincrawling_behaviour_of Pegusa_lascaris_Risso_1810
Soleidae (last accessed 18 May 2021).

Harasti D. 2020. Walking Peppered Sole. Available at:
www.youtube.com/watch?v=HmOptgMFE-tM&feature=youtu.
be (last accessed 17 May 2021)

Harding R. 2017. Available at:
http://www.gettyimages.co.uk/detail/video/flatfish-crawling-
through-algae-green-eyes-stock-video-footage/170137758
(last accessed 16 October 2021).

Hertzman H. 2019. Achirus novoae (south american
freshwater sole) feeding. Available at: www.youtube.com/
watch?v=Z2SKzZWQQRMOU (last accessed 16 May 2021)

Japan Underwater Films 2013. Zebra sole. Available at:
https://www.youtube.com/watch?v=WCI2HWQeOcY (last
accessed 16 October 2021).

Japan Underwater Films 2016. We are a sole! Available at:
https:/iwww.youtube.com/watch?v=GNpg1fCyp7k&feature=youtu.
be (last accessed 16 October 2021).

Kasmani S. 2018. Moses Sole Fish. Available at:https:/www.
youtube.com/watch?v=QPM7SycGsfc (last accessed 17
May 2021).

Liquidguru 2011. Cockatoo Flounder. Available at:
https://vimeo.com/15297875 (last accessed 17 May 2021).
Mama Dive Amed 2018. Fincrawling behaviour of Psettodes
erumei (Bloch & Schneider 1801) Psettodidae. Available at
https://youtu.be/xYUX1bb_AWo (last accessed 19 February

2023).

Marti W. & Wirtz P. 2021a. Fincrawling behaviour of Liachirus
melanospilos (Bleeker, 1854) Soleidae. Available at:
https://www.researchgate.net/publication/350630596
Fincrawling_behaviour_of_Liachirus_melanospilos
Bleeker 1854 Soleidae (last accessed 18 May 2021).

Marti W. & WirtzP.2021b. Fincrawlingbehaviour of Pleuronichthys
coenosus Girard, 1854 (Pleuronectidae). Available at: https://
www.researchgate.net/publication/350648521_Fincrawling
behaviour_of Pleuronichthys coenosus_Girard_1854
Pleuronectidae (last accessed 18 May 2021).

Marti W. & Wirtz P. 2021c¢. Fincrawling behaviour of Paralichthys
californicus (Ayres, 1859) Paralichthyidae. Available at:
https://www.researchgate.net/publication/350648626
Fincrawling behaviour_of Paralichthys_californicus
Ayres_1859 Paralichthyidae (last accessed 18 May 2021).

Marti W. & Wirtz P. 2021d. Fincrawling behaviour of Citarhichthys
stigmaeus (Jordan & Gilbert, 1882) Cyclopsettidae. Available
at: https://www.researchgate.net/publication/350649364
Fincrawling_behaviour_of_Citarhichthys stigmaeus

Jordan_Gilbert_1882_Cyclopsettidae  (last accessed 18
May 2021).

MescachliP.2014. Zeugopterus regius (Rombo peloso).Available
at: https://www.youtube.com/watch?v=0MEWQGCxeFO0 (last
accessed 13 May 2021).

Miller N. 2021. Crawling flatfish. Available at:
https://vimeo.com/565335553 (last accessed 21 June 2021).

MrCitizen 2011. Aquarium: Puffer, Freshwater sole ( Achirus
Achirus), crystal red shrimp, Rasbora Galaxy. Available
at:  https://www.youtube.com/watch?v=I14-7PMOvqo (last
accessed 16 May 2021).

Muh-Kuh 2016. Hypoclinemus mentalis - Peru-StiBwasserflunder.
Available at:
https://www.youtube.com/watch?v=0PgwVhCvpx0 (last
accessed 16 May 2021).

Munaretto M. 2015a. Linguattola alle scogliere riminese. Available
at:  https://www.youtube.com/watch?v=zhnNTN2apCA(last
accessed 10 October 2021).

Munaretto, M. (2015b). Linguattola guardinga. Available at:
https://www.youtube.com/watch?v=A5vrWdjA7nU (last
accessed 10 October 2021).

Naylor P. 2016. Topnot trio. Available at:
https://vimeo.com/paulnaylormarinephoto (last accessed 13
May 2021).

Naylor P. 2017. Two’s company. Available at:

https://vimeo.com/211174241 (last accessed 13 May 2021.
Naylor P. 2019. A great plaice to live. Available at:

https://vimeo.com/paulnaylormarinephoto(last accessed 15
May 2021).

Nhi K. 2015. Ken nhi: ca bon nwéc ngot synaptura panoides.
Available at:
https://www.youtube.com/watch?v=5e_8jdUSLgk (last
accessed 17 May 2021).

Odum H.T. 2018. Springs Field Guide — Hogchoker. Available at:
https://www.youtube.com/watch?v=Vh7IJED5N4o0. (last
accessed 16 May 2021).

Paddock Farm 2012. Asian Sole Fish (Tonguefish) at Paddock
Farm. Available at:
https://www.youtube.com/watch?v=16792t2Ujj4(last
accessed 17 May 2021).

Popov A. 2017. Soleichthys dori - Dori’'s sole - Coneuxt gopu.
Available at: https://www.youtube.com/watch?v=Tqa1KJY-
6MM (last accessed 17 May 2021).

Randall J.E. 2016a. Samariscus triocellatus. Available at:
http://www.fishbase.se/photos/thumbnailssummary.
php?Genus=Aseraggodes&Species (last accessed 16 October
2021).

Randall J.E. 2016b. Aseraggodes albidus. Available at:
http://www.fishbase.se/photos/thumbnailssummary.
php?Genus=Aseraggodes&Species=albidus (last accessed
16 October 2021).

Roestad L. 2009. Brachirus harmandi eating. Available at:
https://www.youtube.com/watch?v=STBcu2y2Jfw (last
accessed 17 May 2021).

Roman S. 2012. Jazyk mramorovany [Pardachirus marmoratus).
Available at: http://www.youtube.com/watch?v=CqEWiVdklo4
(last accessed 16 October 2021).

Schéafer C. 2016. Cynoglossus feldmanni feeding.
www.youtube.com/watch?v=LNDx2fmOMVI (last accessed
16 October 2021).

Scubazoo science photo library 2016. Spotted-tail Sole.
Available at: http://www.sciencephoto.com/media/425383/



 https://www.youtube.com/watch?v=1j3F5p9tQcA 
https://youtu.be/KTQROnWuP08
https://www.youtube.com/watch?v=L2CI9qyuRNw
https://www.researchgate.net/publication/350637633_Fincrawling_behaviour_of_Monochirus_hispidus_Rafinesque_1814_Soleidae
https://www.researchgate.net/publication/350637633_Fincrawling_behaviour_of_Monochirus_hispidus_Rafinesque_1814_Soleidae
https://www.researchgate.net/publication/350637633_Fincrawling_behaviour_of_Monochirus_hispidus_Rafinesque_1814_Soleidae
https://www.researchgate.net/publication/350637737_Fincrawling_behaviour_of_Pegusa_lascaris_Risso_1810_Soleidae
https://www.researchgate.net/publication/350637737_Fincrawling_behaviour_of_Pegusa_lascaris_Risso_1810_Soleidae
https://www.researchgate.net/publication/350637737_Fincrawling_behaviour_of_Pegusa_lascaris_Risso_1810_Soleidae
http://www.youtube.com/watch?v=HmOptgMF-tM&feature=youtu.be 
http://www.youtube.com/watch?v=HmOptgMF-tM&feature=youtu.be 
http://www.gettyimages.co.uk/detail/video/flatfish-crawling-through-algae-green-eyes-stock-video-footage/170137758 
http://www.gettyimages.co.uk/detail/video/flatfish-crawling-through-algae-green-eyes-stock-video-footage/170137758 
http://www.youtube.com/watch?v=ZSKzWQQRM0U (last accessed 16 May 2021).
http://www.youtube.com/watch?v=ZSKzWQQRM0U (last accessed 16 May 2021).
https://www.youtube.com/watch?v=WCI2HWQeOcY
https://www.youtube.com/watch?v=GNpq1fCyp7k&feature=youtu.be  
https://www.youtube.com/watch?v=GNpq1fCyp7k&feature=youtu.be  
https://vimeo.com/15297875
https://youtu.be/xYUX1bb_AWo
https://www.researchgate.net/publication/350630596_
http://Fincrawling_behaviour_of_Liachirus_melanospilos_Bleeker_1854_Soleidae
http://Fincrawling_behaviour_of_Liachirus_melanospilos_Bleeker_1854_Soleidae
https://www.researchgate.net/publication/350648521_Fincrawling_behaviour_of_Pleuronichthys_coenosus_Girard_1854_Pleuronectidae 
https://www.researchgate.net/publication/350648521_Fincrawling_behaviour_of_Pleuronichthys_coenosus_Girard_1854_Pleuronectidae 
https://www.researchgate.net/publication/350648521_Fincrawling_behaviour_of_Pleuronichthys_coenosus_Girard_1854_Pleuronectidae 
https://www.researchgate.net/publication/350648521_Fincrawling_behaviour_of_Pleuronichthys_coenosus_Girard_1854_Pleuronectidae 
https://www.researchgate.net/publication/350648626_Fincrawling_behaviour_of_Paralichthys_californicus_Ayres_1859_Paralichthyidae 
https://www.researchgate.net/publication/350648626_Fincrawling_behaviour_of_Paralichthys_californicus_Ayres_1859_Paralichthyidae 
https://www.researchgate.net/publication/350648626_Fincrawling_behaviour_of_Paralichthys_californicus_Ayres_1859_Paralichthyidae 
https://www.researchgate.net/publication/350649364_Fincrawling_behaviour_of_Citarhichthys_stigmaeus_Jordan_Gilbert_1882_Cyclopsettidae 
https://www.researchgate.net/publication/350649364_Fincrawling_behaviour_of_Citarhichthys_stigmaeus_Jordan_Gilbert_1882_Cyclopsettidae 
https://www.researchgate.net/publication/350649364_Fincrawling_behaviour_of_Citarhichthys_stigmaeus_Jordan_Gilbert_1882_Cyclopsettidae 
https://www.youtube.com/watch?v=0MEWgGCxeF0
https://vimeo.com/565335553
https://www.youtube.com/watch?v=lI4-7PMOvqo
https://www.youtube.com/watch?v=oPqwVhCvpx0
https://www.youtube.com/watch?v=zhnNTN2apCA
https://www.youtube.com/watch?v=A5vrWdjA7nU
https://vimeo.com/paulnaylormarinephoto
https://vimeo.com/211174241
http://h
ttps://vimeo.com/paulnaylormarinephoto
thttps://www.youtube.com/watch?v=5e_8jdUSLqk 
https://www.youtube.com/watch?v=Vh7lJED5N4o.
https://www.youtube.com/watch?v=16792t2Ujj4
https://www.youtube.com/watch?v=Tqa1KJY-6MM
https://www.youtube.com/watch?v=Tqa1KJY-6MM
http://www.fishbase.se/photos/thumbnailssummary.php?Genus=Aseraggodes&Species
http://www.fishbase.se/photos/thumbnailssummary.php?Genus=Aseraggodes&Species
http://www.fishbase.se/photos/thumbnailssummary.php?Genus=Aseraggodes&Species=albidus 
http://www.fishbase.se/photos/thumbnailssummary.php?Genus=Aseraggodes&Species=albidus 
https://www.youtube.com/watch?v=STBcu2y2Jfw 
http://www.youtube.com/watch?v=CqEWiVdklo4 
http://www.youtube.com/watch?v=LNDx2fmOMVI  
http://www.sciencephoto.com/media/425383/view

P.WIRTZ; J. DAVENPORT & B. CHANET 227

view (last accessed 16 October 2021).

Sea story 2016. Cockatoo Flounder. Available at:
https://www.youtube.com/watch?v=QHOY-bohxpM (last
accessed 16 October 2021).

Shutterstock.com 2016. Banded sole (Soleichthys heterorhinos)
swimming underwater in Fiji Islands. Available at:
http://www.shutterstock.com/de/video/clip-2294810-stock-
footage (last accessed 16 October 2021).

Simso 2015. Catathyridium jenyensii. Available at:
http://www.youtube.com/watch?v=v5sY895p80oE (last
accessed 16 October 2021).

Tsujita S. 2015a. Bastard halibut,Olive flounder Paralichthys
olivaceus. Available at:
https://www.youtube.com/watch?v=fgNwbRRpZeM (last
accessed 13 May 2021).

Tsujita S. 2015b. Round-nose flounder, Shotted halibut Eopsetta
grigorjewi. Available at:_
https://www.youtube.com/watch?v=IaJDFfIL-b0 (last
accessed 15 May 2021).

Tyburski M. 2017. UNDERWATER FOOTAGE Topknot/ Spider
crab/ Sea potato/ Burrowing anemone/ Lion’s mane jellyfish.
Available at https://www.youtube.com/watch?v=_9paZhrVI9I
(last accessed 13 May 2021).

Undersea Productions 2016a. Bothus mancus. Available at:
http://www.fishbase.us/videos/SpeciesVideos.
php?speccode=1321 (last accessed 16 October 2021

Undersea Productions 2016b. Bothus ocellatus. Available at:
http://www.fishbase.us/videos/SpeciesVideos.
php?speccode=8271 (last accessed 16 October 2021).

Undersea Productions 2016c¢. Bothus pantherinus. Available at:
http://www.fishbase.us/videos/SpeciesVideos.
php?speccode=1321 (last accessed 16 October 2021).

Undersea Productions 2016d. Pardachirus pavoninus.
Available at: http://www.fishbase.us/videos/SpeciesVideos.
php?speccode=8271 (last accessed 16 October 2021).

Underwater Ireland 2012. Giant turbot fish in full HD (underwater
footage). Available at:
http://www.youtube.com/watch?v=7atLE3yQwEw (last
accessed 16 October 2021).

Van Geen R. 2015. paki‘i (flowery flounder, Bothus mancus).
Available at: https://vimeo.com/124014682 (last accessed 15

May 2021).

Vantuna Research Group 2013. Speckled Sanddabs and crab
attacking worm. Available at:
www.youtube.com/watch?v=dCLrCiKMO8w
15 May 2021)

videotecaFaunaPR 2012. Lenguado (Ancylopsetta cycloidea) -
Flounder. Available at:
https://www.youtube.com/watch?v=H6v40vQsy2Y (last
accessed 13 May 2021).

Warr K. & Wirtz P. 2021a. Fincrawling behaviour of Peltorhamphus
novaezeelandiae Giinther 1862 (Rhombosoleidae). Available
at: https://www.researchgate.net/publication/350627560
Fincrawling_behaviour_of Peltorhamphus_novaezeelandiae
Gunther_1862_Rhombosoleidae (last accessed 18 May 2021).
(last accessed 18 May 2021).

Webster P.A. 2013. Pleuronichthys sp. - Sole or Turbot /
Breakwater — 7/9/13. Available at:
http://www.vimeo.com/70366527 (last accessed 16 October
2021).

Wirtz P. 2017a. Bothus podas juvenile locomotion. Available at
https://www.youtube.com/watch?v=Ez6YM6iDfM (last
accessed 16 October 2021).

Wirtz P. 2017b. Microchirus ocellatus locomotion. Available at:
https://www.youtube.com/watch?v=ZonUhVeuilA (last
accessed 16 October 2021).

Wirtz P. 2017c. Syacium guineensis locomotion. Available
at: https://www.youtube.com/watch?v=rNNstlYP-OM (last
accessed 16 October 2021).

Wirtz P. & Dellinger T. 2017a. Symphurus insularis locomotion.
Available at: https://www.youtube.com/watch?v=Wilbzx0aC1Q
(last accessed 10 October 2021).

Wirtz P. & Dellinger T. 2017b. Symphurus insularis locomotion.
Available at: https://www.youtube.com/watch?v=2PscOX7W
UQ (last accessed 10 October 2021).

WKNaturkart 2013. Solea wulgaris - Common sole -
Tunge (norw.). Available at: https://www.youtube.com/
watch?v=TP5bEObM2cl (last accessed 16 October 2021).

wwwrochenat 2011. Euryglossa Panoides. Available at https:/
www.youtube.com/watch?v=ZPPxwx1S _t4 (last accessed
17 May 2021)

last accessed



http://www.sciencephoto.com/media/425383/view
https://www.youtube.com/watch?v=QH0Y-bohxpM
http://www.shutterstock.com/de/video/clip-2294810-stock-footage
http://www.shutterstock.com/de/video/clip-2294810-stock-footage
http://www.youtube.com/watch?v=v5sY895p8oE
https://www.youtube.com/watch?v=fgNwbRRpZeM 
 https://www.youtube.com/watch?v=laJDFflL-b0 
 https://www.youtube.com/watch?v=laJDFflL-b0 
https://www.youtube.com/watch?v=_9paZhrVI9I
http://www.fishbase.us/videos/SpeciesVideos.php?speccode=1321
http://www.fishbase.us/videos/SpeciesVideos.php?speccode=1321
http://www.fishbase.us/videos/SpeciesVideos.php?speccode=8271
http://www.fishbase.us/videos/SpeciesVideos.php?speccode=8271
http://www.fishbase.us/videos/SpeciesVideos.php?speccode=1321
http://www.fishbase.us/videos/SpeciesVideos.php?speccode=1321
http://www.fishbase.us/videos/SpeciesVideos.php?speccode=8271 
http://www.fishbase.us/videos/SpeciesVideos.php?speccode=8271 
http://www.youtube.com/watch?v=7atLE3yQwEw
https://vimeo.com/124014682 (last accessed 15 May 2021). 
https://vimeo.com/124014682 (last accessed 15 May 2021). 
http://www.youtube.com/watch?v=dCLrCiKMO8w (last accessed 15 May 2021
http://www.youtube.com/watch?v=dCLrCiKMO8w (last accessed 15 May 2021
https://www.youtube.com/watch?v=H6v40vQsy2Y
https://www.researchgate.net/publication/350627560_Fincrawling_behaviour_of_Peltorhamphus_novaezeelandiae_Gunther_1862_Rhombosoleidae (last accessed 18 May 2021)
https://www.researchgate.net/publication/350627560_Fincrawling_behaviour_of_Peltorhamphus_novaezeelandiae_Gunther_1862_Rhombosoleidae (last accessed 18 May 2021)
https://www.researchgate.net/publication/350627560_Fincrawling_behaviour_of_Peltorhamphus_novaezeelandiae_Gunther_1862_Rhombosoleidae (last accessed 18 May 2021)
http://www.vimeo.com/70366527
https://www.youtube.com/watch?v=Ez6YjM6iDfM
https://www.youtube.com/watch?v=ZonUhVeuiIA
https://www.youtube.com/watch?v=rNNstIYP-OM
https://www.youtube.com/watch?v=WiIbzx0aC1Q
https://www.youtube.com/watch?v=2Psc0X7W_UQ
https://www.youtube.com/watch?v=2Psc0X7W_UQ
https://www.youtube.com/watch?v=TP5bEObM2cI
https://www.youtube.com/watch?v=TP5bEObM2cI
https://www.youtube.com/watch?v=ZPPxwx1S_t4
https://www.youtube.com/watch?v=ZPPxwx1S_t4
https://www.researchgate.net/publication/372336261

	_GoBack
	_Hlk85011070
	_GoBack
	_GoBack
	eow-title4
	eow-title11
	_Hlk128918228
	_Hlk128917776
	eow-title
	eow-title2
	detail-label
	eow-title3
	eow-title5

