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ABSTRACT

This review summarizes the current state of knowledge of pugheadedness in fish. Records
in the scientific literature range from detailed descriptions to brief notes and mere remarks.
In total, at least 164 species from 60 families were identified to exhibit pugheadedness, with
records published over a span of 465years (1555—2020). The main osteological feature
behind pugheadedness appears to be shortening or deformation of the parasphenoid bone,
which leads to additional deformations of the ethmovomer- and frontal region. Several other
deformations and abnormalities of other cranial bones, eyes, and tongue are occasionally
observed, depending on the severity of the pugheadedness. Possible cases in elasmobranchs
are also encountered, although the developmental causation may differ from actinopterygians,
since their crania have a different organization. Natural cases of pugheadedness are found
world-wide, covering a wide range of environments and lifestyles (freshwater-, brackish- and
marine environments; benthic, neritic and pelagic species). Cases are found in all life-stages,
from embryo to mature adults, suggesting that it does not necessarily lead to early-life
mortality. There is some evidence for natural selection acting against pugheaded individuals,
likely because of e.g. inappropriately functioning mouth parts, sense organs, and possibly
brain deformation. High numbers of pugheads are mainly found in aquaculture, but moderate
numbers have been found at some localities also in the wild. Abnormally high occurrence
in the wild is commonly attributed to pollution, non-normal water chemistry parameters,
or temperature. The causation, however, it typically speculated upon. Based on the reviewed
literature, there is support for several causative factors, including genetic mutation and
embryonic environmental conditions (toxic and non-toxic) affecting development.
Pugheadedness, as the term has been used in the literature, is not a single well-defined
pathology, but rather a suite of pathological conditions with similar phenotypic expression.
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Introduction

Teratological specimens of fish are relatively uncom-
mon but often receive attention when found, partic-
ularly among aquaculturists (Buckland 1863),
fishermen and anglers (Gudger 1933a; Barnard 1935;
Fjelldal et al. 2015) and among naturalists and scien-
tists who, at least historically, often collected them in
both private and official collections, either as curios-
ities or for scientific investigation (Gudger 1933a;
Hickey et al. 1977; Heron et al. 1988). Deformities
are important to recognize as they can be indicative
of pollution or other unfavorable environmental con-
ditions (Bengtsson et al. 1988; Lindesjo6 and Thulin
1992; Klumpp et al. 2002; Simon and Burskey 2016).
High frequencies of morphological anomalities in wild
fish populations are typically conspicuous to the

investigators and raise concern about the environment
(Slooff 1982; Ziskowski et al. 1987; Browder et al.
1993; Jawad and Ibrahim 2018). Hence, several authors
have suggested that anomalities within fish popula-
tions should be monitored as indicators of environ-
mental issues in aquatic ecosystems (Dahlberg 1970;
Hickey 1973; Bengtsson 1979; Karr 1981; Lemly 1997;
Sfakianakis et al. 2015).

One particularly conspicuous craniofacial skeletal
deformity found in fish is pugheadedness (brachyg-
nathia superior; also known as e.g. simocephaly,
snub-nose, pug-nose, lion-head, bulldog-head, or
dolphin-head; Gudger 1936). The fact that it is con-
spicuous has caused particular scientific interest over
several centuries, but no recent comprehensive sum-
mary of available information has been made. Many
recent publications on fish diseases and deformities
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mention this condition, but often only with a very brief
description of the characteristic morphology and short
notes on possible causation (e.g. Branson and Turnbull
2008; Hellstrom et al 2012; Boglione et al. 2013; Bruno
et al. 2013). The older literature often goes into more
detail (e.g. Hofer et al. 1906; Gemmill 1912; Lundbeck
1928; Marquard 1936; Schiperclaus 1954) but is also,
naturally, associated with possibly outdated information.
This review aims at synthesizing the currently available
information about pugheadedness in fishes.

Historical notes

Teratological cases of human and non-human animals
(historically often referred to as “monstrosities”) have
fascinated people for a long time (e.g. Aldrovandi
1642). Hence, descriptions of such cases, including
fishes, are found in the scientific literature through
the past centuries (e.g. Barrington 1767; Cuvier &
Valenciennes 1828-49; Cobbold 1858; Crawford 1948).
Pugheaded fish have been observed and received
attention for centuries. The first graphically docu-
mented specimen with this deformity in the academic
literature is likely a common carp published in 1555
CE (Rondelet 1555; Gudger 1936); sometimes erro-
neously dated to 1554 (e.g. in Gudger 1928, as noted
in Gudger 1930).

The deformity also features in folklore. Norwegian
fishermen have paid particular attention to pugheaded
cod Gadus morhua, or ‘kongetorsk’ (English: ‘king
cod’; an equivalent term ‘torskekungen’ was used in
Sweden; Lilljeborg 1891), which are believed to bring
good luck to the fishermen (Lilienskiold 1701; Fjelldal

et al. 2015). Pugheadedness also raised the interest of
Charles Darwin, who communicated with Jeffries
Wyman (who described two cases from Atlantic cod
Gadus morhua; Wyman 1849) on the phenomenon
after noting similar skull deformities in the Nata cattle
breed (Darwin 1868; Dupree 1951). Gudger (1929)
noted that the pughead deformity is fairly common,
with particularly high numbers noted among cyprinid
and salmonid fishes.

An interesting historical side-note is the descrip-
tion of pugheads as distinct species, which has
occurred at least once. Macleay (1886) described a
pugheaded specimen of Maccullochella macquariensis
as a new species Oligorus gibbiceps, with the descrip-
tion reading “the head descends almost vertically in
front of the eyes to the mouth, which is horizontally
protruded, the lower jaw being the longest”.
Pugheadedness in the same species was described in
Whitley (1944), who also commented on the errone-
ous species description.

Description of the deformity

Pugheadedness is a brachycephalic deformity charac-
terized by antero-posterior compression, or hypoplasia,
of the forehead (Figures 1-3). A typical pugheaded
fish have abruptly rounded and short foreheads, which
arch steeply downward just anteriorly of the eyes
(Gemmill 1912; Gudger 1936; Bruno 1990; Branson
and Turnbull 2008; Boglione et al. 2013) (Figure 2).
The lower jaw typically remains normal-like (but see
section on roundheadedness below). Not all cases are
extreme; there is a large variation in the severity across
documented cases (Figure 3) and some specimens

Figure 1. Skulls of normal and pugheaded pikeperch, Stizostedion (previously Sander) spp.*; normal (left): S. lucioperca, pug-
head (right): S. volgensis. Selected visible bones denoted as follows: a — angular, d — dentary, ep - ectopterygoid, f — frontal,
hy — hyomandibular, io - infraorbitals, iop — interoperculum, la - lachrymal, mp — metapterygoid, mx — maxilla, n — nasal, o
- operculum, pa — parasphenoid, pmx — premaxilla, pr — preoperculum, q - quadrate, so — suboperculum, sy — symplectic.
Normal skull drawn based on Zuber (2020); pugheaded skull redrawn after Berinkey (1959); also see Antipa (1909) for a similar
case. *No image of a skull from S. volgensis could be found; S. lucioperca is closely related with highly comparable head

morphology.



assigned with pugheadedness have barely noticeable
deformities (e.g. Barnard 1935; Bortone 1971; Grinstead
1971; Hickey et al. 1977; Lemly 1993; Bueno et al. 2015).

The main osteological regions typically affected are
the ethmovomer block (parethmoids, mesethmoids,
vomer, and nasal bone canal), maxillaries, frontals
and parasphenoid. Ethmoids and vomer are typically
reduced, maxillaries shortened, frontals abnormally
curved and the parasphenoid shortened and/or

REVIEWS IN FISHERIES SCIENCE & AQUACULTURE . 3

deformed. Fusion of the parasphenoid and vomer has
also been observed (Jawad and Ibrahim 2019; Jawad
et al. 2020), and ethmoids and prefrontals are some-
times missing (Marlborough and Meadows 1966).
Tornier (1908) studied the neurocranium of a pug-
headed common carp Cyprinus carpio and attributed
the shortened parasphenoid bone (the keel bone of
the fish neurocranium) as the primary anomaly
(Figure 2). Parasphenoid deformation re-occurs in

Figure 2. lllustrations of normal and pugheaded common carp (Cyprinus carpio). A) Heads (left) and the respective neurocrania
(right). The red-hatched lines in the normal neurocranium indicate the particular parasphenoid region, below the brain case,
that is shortened. Head illustrations depict additional deformations of the eye-socket and the infraorbitals. Redrawn after Tornier
(1908). B) Schematic illustration of normal (upper) and deformed (lower) skulls; a-skull case, b-nasal cavity, c-ocular cavity,
d-auditory cavity, e-vomer, f-parashenoid, g- upper jaw, h-lower jaw, i-j-bifurcated support of lower jaw. Redrawn after Tornier
(1908). C) Severely pugheaded carp. From left: head, cranial bones, and neurocranium; skull: a-supraorbital, b-hyomandibular,
c-operculum, d-suboperculum, e-interoperculum, f-preoperculum, g-metapterygoid, h-quadrate, i-ectopterygoid (transverse),
j-lower part of maxillary, k-lower jaw, l-intermaxillary, m-upper part of maxillary, n-intercalary (maxillary), o-intercalary (inter-
maxillary), p-pterygoid, and g-palatine; neurocranium: i-supraorbital, ii-frontal principal, iii-frontal posterior, iv-temporal, v-pterotic,
vi-external occipital, vii-occipital superior, viii-occipital lateral, ix-occipital basilar, x-petrous, xi-sphenoid principal, xii-orbito-sphe-
noid, xiii-vomer, xiv-ethmoid, xv-frontal anterior, xvi-alisphenoid. Redrawn after Jaquet (1902).



4 J.NASLUND

much of the literature as the hypothesized primary
anomaly, and the degree of parasphenoid deformation
can intuitively determine the severity of the pughead-
edness in terms of how strong the curvature of the
frontals becomes (Figure 2B). Hence, pugheadedness
could possibly be a sequence (i.e. a cascading devel-
opmental “snowball-effect”), depending on parasphe-
noid malformation in bony fishes. For comparison
with other cases, a variety of detailed descriptions
and figures are found in e.g. Carlet (1879), Nystrém
(1889), Fasciolo (1904), Gemmill (1912), Sutton
(1913), Hanké (1922), Lundbeck (1928), Marquard
(1936), Gudger (1937), Whitley (1944), Berinkey
(1959), Bortone (1972), Chew (1973).

Deformation or displacement of several additional
bones may be associated with pugheadedness (e.g.
lachrymal, palatine, ectopterygoid, premaxillary, and/
or infraorbitals) (Hopewell-Smith 1908; Sutton 1913;
Bortone 1972; Riehl and Schmitt 1985; Jawad et al.
2015; Jawad and Ibrahim 2019). Affected bones are
often substantially deformed and can be either thicker
(Talent 1975) or thinner (Chew 1973) than normal
ones. Pugheadedness can also be associated with addi-
tional malformations of the branchial apparatus
(Berinkey 1959; Komada 1980). In some specimens,
the mouth is also abnormally crumpled, twisted or
showing signs of cross-bite to different severity degrees
(e.g. Gudger 1937; Hickey et al. 1977; Pickett 1979;
Jawad and Hosie 2007; Jawad et al. 2014), or tube-like
(Jaquet 1911, Parenzan 1967; Michajlowa 1968).

Exophthalmia (protrusion of the eyeballs from the
skull, or ‘pop eye’) can be associated with the defor-
mity (e.g. Sutton 1913; Gudger 1930; 1937; Mansueti
1960; Isaacson 1965; Chew 1973; Shariff et al. 1986;
Palmas et al. 2020), but is not always markedly obvi-
ous or present (e.g. Gudger 1930; Goodwin and
Vaughn 1968; Bortone 1971, 1972; Franks 1975; Pickett
1979). Based on described cases, exophthalmia seem
to depend on the severity of the pughead deformation
(e.g. Hickey et al. 1977). One hypothesis, which does
not seem to have more than anecdotal evidence, is
that it occurs specifically when the parasphenoid has
become buckled up, forcing the eyes outwards from
the center of the skull (Whitley 1944). The orbit and,
consequently, the eyes can also become deformed in
shape, so that the horizontal diameter is reduced rel-
ative to the vertical diameter, making the eyes
oval-shaped (Tornier 1908; Gemmill 1912; Catelani
et al. 2017; Figure 2). Furthermore, deformation of
the bones in the orbital region can sometimes cause
the eyes to become located closer together and facing
more forward than in normal conspecifics (Gudger
1930; Adams and Ryan 1982). In extreme cases, the

reduction of the frontal cranial bones may be so
severe that the anterior part of the eyeball become
exposed (Barahona-Fernandes 1982). Possibly, devel-
opmental mechanisms behind pugheadedness could
be related to instances of synophthalmia (e.g. Crawford
1948; Honma 1958; Bolker and Thomson 1992).

Sometimes, abnormal pigmentation of the buccal
cavity and the tongue is seen, likely associated with
exposure to light, as a consequence of the deformity
(e.g. Herrick 1885; Sutton 1913; Gudger 1930;
Mansueti 1958, 1960; Bortone 1971; Shariff et al.
1986). Chew (1973) noted that, among two Florida
bass Micropterus floridanus pugheads, only the more
severe case showed a highly pigmented tongue, sug-
gesting that tongue pigmentation could be associated
with how pronounced the deformation is (Chew
1973). The tongue may also be substantially enlarged
(up to 2-3 times the normal size), but it varies from
case to case (Pickett 1979; Shariff et al. 1986).

It is common for other (externally visible) defor-
mations, away from the head region, to be absent
(noted by e.g. Lowne 1893; Hikita 1955; Talent 1975;
Honma and Ishikawa 1978; Leidy 1985; Macieira and
Joyeux 2007; Jawad and Ibrahim 2017; Kathan et al.
2020), but such observations could depend on stron-
ger selection against individuals with multiple defor-
mities, making the individual unlikely to survive long
enough to be noticed. A case of a slightly pugheaded
pandora Pagellus erythrinus, which also had saddle-
back syndrome (deformed dorsal profile, associated
with loss of dorsal fin spines and pterygiophores)
has been described from marine waters of Turkey
(Jawad et al. 2017). Pugheaded common bream
Abramis brama from the Rhine River area in Europe
have been found with a high incidence of deformed
fins (40% vs. < 15% in non-pugheaded specimens)
and some cases of additionally deformed skeletal
structures were also found (Slooff 1982). Frequency
of fin deformation in pugheaded bream tended to
increase with age (Slooff 1982). Jawad et al. (2018)
noted possible deformation of the anterior vertebrae
in association with pugheadedness in European hake
Merluccius merluccius. Al-Harbi (2001) and Hikita
(1955) both present cases of common carp Cyprinus
carpio and chum salmon Oncorhynchus keta, respec-
tively, with pugheads and shortened opercula. Another
interesting case describe two ventrally conjoined
twins of Atlantic salmon Salmo salar, where one of
the individuals was pugheaded and, in addition,
showed a downward curved lower jaw, missing left
pelvic fin, abnormally small pectoral fins, and a
severely deformed vertebral column with many fused
vertebrae (Fjelldal et al. 2016). A similar case of



salmonid conjoined twin embryos, where one twin
was pugheaded, was described by de Quatrefages
(1888; see Gudger 1929).

Some other cephalic and jaw deformities are noted
under separate terminology, e.g. sucker-mouth (e.g.
Hickey et al. 1977; Barahona-Fernandes 1982),
cross-bite (e.g. Hickey et al. 1977), roundheadedness
(e.g. Gemmill 1912; Ehrstrom 1919; Gudger 1933b),
and synophthalmia (Crawford 1948; Honma 1958).
Sucker-mouth and cross-bite are easily distinguished
from pugheadedness, as they relate to lower jaw defor-
mities; however, the latter has been associated with
pugheadedness in a few cases (Pickett 1979).
Roundheadedness is similar to pugheadedness, but
with additional reduction of the lower jaw (Gemmill
1912; Gudger 1933b; Bruno 1990). Roundheadedness
is sometimes classified as pugheadedness (e.g.
Hellstrom et al. 2012), and many cases lie between
these types of deformity and can be hard to classify
into either category, especially if the species have infe-
rior mouth position or subterminal mouth (e.g.
Federley 1904; Tornier 1908; Ehrstrom 1919; Marquard
1936; Rotarides 1941). For instance, in his seminal
work on fish diseases, Schiperclaus (1954) presents
two Northern pikes Esox lucius with reduced fore-
heads, one of which in addition has a reduced lower
jaw which still protrudes past the upper jaws; the
latter case is still regarded as pugheaded by the author.
The additional reduction of the lower jaw suggests
additional disturbance in the development, but both
roundheaded and pugheaded fish have shortened and/
or deformed parasphenoids (Marquard 1936).
Lower-jaw defects without affected cranium have been
noted to be less common than pug- or
round-headedness, at least in salmonid fish (Bruno
1990). Similarly, Fragkoulis et al. (2018) found few
deformities of the lower jaw, while upper-jaw abnor-
malities were common in offspring from a sponta-
neous spawn of hatchery gilthead seabream. Elongated
lower jaws can lead to an appearance resembling slight
cases of pugheadedness, but without deformed bones
in the upper part of the head, do not qualify as being
classified as pugheads (Ferraresso et al. 2010; see cases
in e.g. Noble 1971 and Mazurais et al. 2009).

It needs to be noted that some species exhibit
natural head morphologies similar to pugheadedness.
For instance, pughead-like phenotypes can be found
within populations of three-spined sticklebacks
Gasterosteus aculeatus, a species with a wide natural
variation in head morphology (e.g. Hendry et al.
2013). In some species of cichlids (Cichlidae), mature
males also develop humps on the forehead which
leads to a head profile very similar to quite severe
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cases of pugheadedness. Hence, it is vital to know
the natural variation of head morphology in a species
when assessing whether an individual is pug-
headed or not.

As a general phenomenon, brachygnathia superior
(i.e. abnormally short upper jaws) is not limited to
fish but is found also in other vertebrates (e.g. Bateson
1894; Jayo et al. 1987; Hoy et al. 2011). In some
vertebrate clades, the bones affected are probably not
homologous to fish, since the skulls have different
configurations, with different bones forming similar
functional structures. For instance, the main bone
affected in teleost fish, the parasphenoid, is either lost
or only vestigial in mammals and the mammalian
vomer (previously considered homologous to the
non-mammalian parasphenoid; Gregory 1933) forms
the same functional structure (Atkins and
Franz-Odendaal 2016). Furthermore, since the paras-
phenoid appeared first in Placodermi, it has no homo-
log in chondrichthyan fish (Atkins and Franz-Odendaal
2016). Nevertheless, several cases of pughead-like
deformities have been found in chondrichthyan fishes
(sharks: Pastore and Prato 1989; Moore 2015; rays:
Luther 1961; Templeman 1965; Dahlberg 1970;
Ribeiro-Prado et al. 2008; Escobar-Sanchez et al. 2009).

Causation

The causation of pugheadedness was, according to
Leonhardt (1906) considered to be caused by damage
to the skull until Steindachner (1863) made anatom-
ical investigations and concluded it was pathological.
Adaptation to environmental variation by natural
selection has been discussed, but also rejected as
likely, by Lonnberg (1891). Hybridization between a
fish and a bird, a curious hypothesis which seems to
have been at least considered by de Réaumur (1752),
who noted that the observed specimen of a carp had
a head resembling a bird (pugheaded carp often have
a beak-like mouth; see Figure 2) but that it lacked
feathers, can undoubtedly be ruled out with certainty
based on modern biological knowledge.
Pugheadedness as a congenital disorder is well
established, although there may be additional causes
(e.g. injuries, parasites, or disease). The deformation
typically arises in early ontogeny, during embryonical
or larval development (Leonhardt 1906; Bruno 1990;
Fraser and de Nys 2005). Developmental disorder is
not a cause separate from genetic and/or environmen-
tal causation. Instead, developmental pathways are
likely what genetic and environmental factors are
affecting to cause pugheadedness. Genetic mutations
can disrupt the developmental pathways of e.g. bone
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Figure 3. Examples of specimens of fish noted as pugheaded in the literature, redrawn from the original publications. Normal
specimens illustrated below the pugheaded ones for each species. P. laniarius (Barnard 1935); P. auratus (Jawad and Hosie
2007); A. schlegelii (Honma and lkeda 1971); R. aurorubens (Bortone 1971); C. kelberi (Catelani et al. 2017); M. saxatilis (Sutton
1913; Talbot 1967); M. floridanus (Chew 1973); L. microlophus (Porta and Snow 2019); L. exilicauda (ssp. chi) (Kathan et al.
2020); B. rufus (Macieira and Joyeux 2007); M. scorpio (Nystrom 1889); L. lampretaeformis (Lonnberg 1891); A. balearicum
(Lénnberg 1891). S. trutta (stream resident phenotype ‘fario’) (Gudger 1929); C. harengus (Ford 1930); S. sprattus (Orey 2017);
O. keta (Hikita 1955); S. salar (Leggett 1969; Jawad et al. 2014); R. canadum (Franks 1995); L. bilineata (Gudger 1937); P. oli-
vaceus (Sawayama and Takagi 2016); M. merluccius (Jawad et al. 2018); G. morhua (Lundbeck 1928; Marquard 1936; Jawad
et al. 2015); . furcatus (Schmitt and Orth 2015). Note that the level of detail differs depending on source material.




formation, hormone expression, or general body-plan
morphogenesis during ontogeny and environmental
factors are also well-known to affect many different
developmental pathways (Barresi and Gilbert 2018).
In addition, some developmental disorders may be
caused by mere chance (developmental stochasticity)
(Oates 2011).

Pugheadedness is likely multifactorially caused, in
the sense that many different causing factors exist
(e.g. Lang et al. 2018). For any given case of pug-
headedness, however, the causation is typically
unknown (e.g. Branson and Turnbull 2008; Hellstrom
et al. 2012). This is particularly true for wild speci-
mens (e.g. Moller and Anders 1992; Schmitt and Orth
2015), and in such cases the causation can most often
only be speculated upon based on potential factors
in the immediate and surrounding capture area.

Genetic causation

Genetics can obviously affect cranial development, as
illustrated by the fact that head-shapes can be a target
of selection in animal breeding programs, including
selection for brachycephalic shapes in dog breeds such
as pugs and bulldogs (Schoenebeck and Ostrander
2013) and in the Nata cattle (Darwin 1868). Selection
on cranial deformities also underlie several ‘ornamental’
varieties of goldfish in the aquarium trade (Herre 2009).
Some species naturally exhibit extreme morphological
variation in head shape, including pughead-like forms
(e.g. three-spined sticklebacks; Hendry et al. 2013).

In Atlantic salmon Salmo salar, spinal deformities
have been linked to a substantial additive genetic
component (Gjerde et al. 2005) and in rainbow trout
Oncorhynchus mykiss rib and vertebral deformities
could be explained by a dominant-mutation mecha-
nism (Gislason et al. 2010). Many different genes are
involved in head- and jaw formation through ontog-
eny (DeLaurier 2019) and several mutants of zebrafish
Danio rerio with craniofacial deformities similar to
pugheadedness have been developed [e.g. silberblick
(slb) and dolphin (dol)] (Piotrowski et al. 1996;
Kimmel et al. 2001). Furthermore, a mutation in the
gene osetrix/sp7 have been shown to display the gen-
eral characteristics of pugheadedness, with delayed
osteogenesis and poor mineralization leading to
deformed parasphenoids causing midface hypoplasia,
domed skull, and protruding mandibles (Kauge et al.
2016). Hence, single-gene mutations can evidently
cause pugheadedness, which leads to the conclusion
that the deformity can be heritable.
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Some experimental indications of inheritance have
been found, which lend support for a genetic origin
of the deformity. For instance, Knauthe (1893; also
see Gemmill 1912) bred anatomically normal sunbleak
Leucaspius delineatus, derived from pugheaded par-
ents, which themselves produced broods with a pug-
head incidence of 8% to 28%. However, in bighead
carp Hypophthalmichthys nobilis, large numbers of
offspring from normal-phenotype parents showed pug-
headedness, but only 1% of offspring from pugheaded
parents showed the deformity (Shariff et al. 1986);
whether grand-offspring would show deformities was
not investigated, so the experiment is inconclusive
with respect to genetic causation. Neither pughead-
edness, nor head deformities in general, were found
to be significantly heritable in gilthead seabream
Sparus aurata (Lee-Montero et al. 2015; Fragkoulis
et al. 2018), and mouth deformities in general were
not found heritable in common carp Cyprinus carpio
(Kocour et al. 2007).

Inbreeding can also lead to malformations of the
cranium, as shown in several vertebrate species, both
in captivity (e.g. mice: Kalter 1968) and in the wild
(e.g. lizards: Olsson et al. 1996), which also suggests
possible genetic causation. In rainbow trout
Oncorhynchus mykiss there is evidence for vertebral
deformities being partially caused by inbreeding
(Aulstad and Kittelsen 1971); however, inbreeding was
excluded as a factor causing vertebral deformity in
Atlantic cod Gadus morhua (Gjerde et al. 2005).
Inbreeding was also rejected in a study of pugheaded
Mediterranean trout Salmo cettii from a Sardinian
stream, based on expected heterozygosity estimates
(Palmas et al. 2020). Hybridization can occasionally
cause relatively high incidence of pugheadedness,
along with other skull and jaw deformities, as seen
in white bass Morone chrysops x striped bass M. sax-
atilis hybrids and their backcrosses in Hickey
et al. (1977).

Evidence for genetic causation of pugheadedness
is mixed. While mutations can definitely cause
pughead-like deformities, it does not seem to be the
only mechanism. Instead it seems reasonable that
environmental factors (or randomness) often play a
substantial role in incidence. Environmental factors
may affect the same developmental pathways that
are demonstrably affected by mutations. There may
also be genexenvironment interactions involved,
making heritability detectable only under certain
conditions (Kause et al. 2007; Boglione et al. 2013),
but studies within this area are rare (Sae-Lim
et al. 2016).
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Environmental causation

Environmental factors are often hypothesized to cause
skeletal deformities, including pugheadedness.
Temperature, hypoxia, pH, salinity, water flow rate,
light conditions, toxicants, xenobiotics, malnutrition,
radiation, etc., acting during the embryonal or larval
stages, have also been shown to induce deformities
in general in a multitude of studies (e.g. Westernhagen
1970; Hickey 1973; Bengtsson 1979; Boglione et al.
2013). Below a number of environmental factors
potentially involved in causing pugheadedness are
described in detail.

Temperature affects developmental rate in fish, and
it can also influence the incidence of malformations,
including pugheadedness. High temperatures appear
to be the main problem causing high deformity inci-
dence, although which deformities that emerge varies
among species (Hubbs 1959; Bolla and Holmefjord
1988; Lopes et al. 2018). From an experiment incu-
bating striped bass Morone saxatilis eggs in a series
of temperature treatments (10—-28°C; 2°C increments;
species optimum being ~18°C), Morgan et al. (1981)
reported (without quantification) that the three high-
est temperature treatments (24, 26, 28 °C) resulted in
some larvae showing features of pugheadedness, along
with small yolk sacs and deformation of internal
organs. Temperature may also interact with other fac-
tors to cause pugheadedness, like in Atlantic salmon
Salmo salar where elevated incubation temperature
(14°C; as compared to 8°C controls) increased jaw
deformities (including severely shortened upper jaws),
but only when eggs had high vitamin A status
(Ornsrud et al. 2004). Temperature variation during
embryogenesis is another potential variable to con-
sider (Bruno 1990), although constant high tempera-
tures have been considered more problematic for
deformities in general (Hubbs 1959).

Hypoxia during embryogenesis has been raised as
a potential environmental factor behind pugheaded-
ness (e.g. Bruno 1990). Experiments by Garside (1959)
revealed that exposing lake trout Salvelinus namaycush
embryos to low oxygen levels (2.5-4.5 p.p.m.) cause
reduced development rate and an increase in the inci-
dence of abnormalities of both head and trunk, with
head deformations including truncation of either or
both jaws and eye-abnormalities. Low oxygen levels
have also been shown to associate with spinal defor-
mities (Bengtsson 1979). Hypoxia can occur in natural
waters, e.g. due to eutrophication, and was suggested
as a plausible cause for a high incidence of pugheaded
blue catfish Ictalurus furcatus within an area of the
tidal Rappahannock River in Virginia, USA, known

to suffer from summertime hypoxia (Schmitt and
Orth 2015).

Salinity during embryogenesis can be a problem
for marine and estuarine species. Suboptimal salinities
during embryonic development can cause swollen yolk
sacs (yolk edema) (Westernhagen 1970; Doroshev and
Aronovich 1974). This in turn may cause pressure on
the developing embryo and lead to jaw malformation,
as have been observed in European flounder Platichthys
flesus from the North Sea (Westernhagen 1970). Too
high salinity may also affect malformation incidence
(Doroshev and Aronovich 1974), but cases related to
pugheadedness specifically has not been identi-
fied here.

Malnutrition is one of the leading candidate factors
for skeletal malformations, including pugheadedness,
in aquaculture. Details on general mechanisms behind
skeletal malformations due to malnutrition are
well-covered elsewhere (Cahu et al. 2003; Lall and
Lewis-McCrea 2007; Darias et al. 2011); hence, only
some experimental evidence of nutrient effects on the
upper jaw of fish are briefly outlined here. Excessive
or insufficient intake of several key nutrients have
possible effects on skeletal malformation, including
minerals (calcium, phosphorus, trace elements), vita-
mins (A, D, C, E, K), lipids and fatty acids (Cahu
et al. 2003; Lall and Lewis-McCrea 2007; Boglione
et al. 2013). Vitamins have attracted particular interest
in relation to skull deformations. A too high intake
of vitamin A can lead to pugheadedness in several
species (Villeneuve et al. 2006; Fernandez et al. 2008;
Mazurais et al. 2009). Retinoic acid (RA), a derivative
of vitamin A, is important for specifying the
anterior-posterior axis and the formation of the jaw
apparatus and deficiency is associated with deforma-
tion (Barresi and Gilbert 2018). Temporary increase
in RA can activate RA-degrading enzymes, leading to
an overall longer-term decrease in RA (Villeneuve
et al. 2005; Barresi and Gilbert 2018), a mechanism
that may lie behind the observed effects. Synthetic
retinoids cause increased jaw malformation in olive
flounder Paralichthys olivaceus, possibly through dis-
turbing the retinoic acid receptor (RAR) signaling
pathway (Haga et al. 2003). High levels of certain
dietary lipids may affect the expression of RAR, lead-
ing to deficiency and cranial deformation (Villeneuve
et al. 2005). Some xenobiotics (e.g. the herbicide gly-
phosate) also interfere with RA signaling, causing
craniofacial disorders in e.g. Xenopus frogs (Paganelli
et al. 2010), and could hypothetically also cause defor-
mations in fish. Vitamin A regulates thyroid hormone
metabolism and high exogenous levels of thyroid hor-
mone have also been experimentally shown to increase



pughead incidence (Shkil and Smirnov 2009).
Deficiency of vitamins C and D have also been exper-
imentally associated to pugheadedness in fish (Darias
et al. 2010, 2011)

In common carp Cyprinus carpio, low-phosphorous
diets lead to insufficient growth of bones, including
the cranial bones (Ogino and Takeda 1976). While
the resulting deformity of the head include increased
curvature and shortening of the head (which could
be taken for slight cases of pugheadedness), it was
not consistent with severe pugheadedness (see figures
in Ogino and Takeda 1976). Spinal malformations in
larval ayu Plecoglossus altivelis were reduced by the
supplement of lecithin, but only a single case of pug-
headedness was noted overall in the study, rendering
it inconclusive with respect to this particular defor-
mity (Kanazawa et al. 1981).

In addition to malnutrition of the developing indi-
viduals, malnutrition of the broodstock may also cause
skeletal malformations (Cobcroft et al. 2004). Such
parental effects (dietary deficiency, malnutrition of
the mother), however, need further investigation
(Fragkoulis et al. 2018).

Diseases and parasites affecting the developmental
processes of bone formation may also cause pughead-
edness. For instance, whirling disease, caused by a
microscopic parasitic myxosporidian Myxobolus cere-
bralis, has been suggested as a possible etiological
factor for pugheadedness in salmonid fish (Bruno
1990). Typical symptoms are a whirling swimming
pattern, darkened tail-regions, and skeletal deformities;
the latter are often located to the spine and cranium,
and are caused by cartilage damage and associated
inflammation (Elwell et al. 2009). Shortening of the
head is seen and depending on the location of the
infection, it may cause a pug-headed appearance
(Elwell et al. 2009). A variety of myxozoan parasites
infect and cause skeletal deformities in other species
of fish (e.g. Langdon 1987; Longshaw et al. 2003) and
may thereby be related to pughead-like deformities
also in non-salmonids.

Pollution is often suspected as a causative envi-
ronmental factor when pugheads are encountered in
nature. Nonlethal doses of developmental toxins can
lead to skeletal deformities in general (reviewed in
e.g. Sloof 1982; von Westernhagen 1988) and are
often the suspected factors leading to pugheadedness
in wild fish (e.g. Komada 1980; Berra and Au 1981;
Van Der Gaag et al. 1983; Simon and Burskey 2016).
Several different kinds of pollutants are candidates
for increased occurrences, but anthropogenic pollu-
tion cannot be the only causative agent as the defor-
mity was well-known in pre-industrial time (Fjelldal
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et al. 2015). Nevertheless, evidence indicating pollut-
ants as causing agents of pugheadedness exists, both
from correlational and experimental studies.

It is well-known that many pollutants can disturb
embryonic development of fish, and many effects are
dose-dependent but not pollutant-specific (von
Westernhagen 1988). For instance, different types of
metals may enter fish eggs and influence the embryo
development in several ways, some of which may
cause body malformations such as craniofacial mal-
formation and vertebral shortening or curvature
(Jezierska et al. 2009). Vertebral deformities are, how-
ever, more common than craniofacial deformities after
embryonic exposure to pollutants, according to von
Westernhagen (1988).

Field studies in the Netherlands indicated that pug-
headedness, and several other skeletal deformities, was
more common in bream Abramis brama in the River
Rhine than in Lake Braassem, the former being sub-
stantially more polluted than the latter (Slooff 1982).
When experimentally incubating rainbow trout
Oncorhynchus mykiss eggs in polluted water from
River Rhine, 14.2% of the hatched individuals showed
some level of pugheadedness when exposed to Rhine
water directly after fertilization, 9.8% when exposed
after water-hardening of the eggs and 4.3% when
exposed as eyed ova (with 0% incidence in unchlo-
rinated groundwater) (van der Gaag 1987). Another
study in the same experimental system showed an
incidence of 6.5% when incubated in Rhine water,
2.7% in flocculated and rapid sand filtrated (RSF)
Rhine water, 0.5% in ozonized RSF Rhine water, and
0% in control water (van der Gaag 1987). Hence, it
appears that pugheadedness can be caused by polluted
water, with early egg stages being most vulnerable.
Since river water was used in these studies, the spe-
cific pollutant(s) responsible for the effects is unknown.

A variety of toxicants that have been associated
with head-deformities in general include polychlori-
nated biphenyl (PCB) (Hogan and Brauhn 1975),
dioxins (Helder 1981; Elonen et al. 1998), heavy met-
als (Somasundaram et al. 1984; Sfakianakis et al.
2015), selenium (Hamilton et al. 2005; McDonald &
Chapman 2007), polycyclic aromatic hydrocarbons
(PAH) (Hannah et al. 1982; Kocan and Landolt 1984),
petroleum hydrocarbons (PHC) (Lindén 1978; Tilseth
et al. 1984; Vignet et al. 2019), and herbicides
(Paganelli et al. 2010). This list is non-exhaustive and
mainly used to illustrate that many possibly causative
agents exists. Different toxicants may cause pughead-
edness through different direct or indirect pathways
and mechanisms (which can be recognized from
other sections of this article), e.g. mutagenesis (e.g.
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PAH: von Westernhagen 1988), RA signaling disrup-
tion and thyroid hormone disruption (e.g. PCB, PAH,
dioxins: Rolland 2000; xenobiotic herbicides: Paganelli
et al. 2010 ), erratic eye development (e.g. selenium:
Hamilton et al. 2005), or by causing hydrated swollen
yolk-sacs, exerting pressure on the embryo inside the
eggs (e.g. PHC: Lindén 1978).

Injuries may also be involved in some cases of
pugheadedness, although it does not seem to be the
main factor causing this malformation (e.g.
Steindachner 1863; Hopewell-Smith 1908; Mansueti
1960). Pinganaud-Perrin (1973) showed that surgical
removal of the eye in yolk-sac fry of rainbow trout
Oncorhynchus mykiss led to pughead deformations
(cf. Yung 1901; Antipa 1909; Gudger 1929), which
suggests that the pressure from the eyeball on the
cartilage during early ontogeny may mechanically
stabilize the head formation. Some species may also
develop similar deformities associated with cyst for-
mation on the upper jaw during post-hatch develop-
ment (Wiilnnemann et al. 2017).

Deformities similar to pugheadedness, which are
likely caused by injuries (snouts cut or bitten off)
have been observed in several species of teleosts (e.g.
Richard 1912; Menzel 1974) and elasmobranchs
(Forster 1967; Schwartz 1973). Garstang (1898) noted
that “short-nosed” blackspot seabream Pagellus boga-
vareo were “curiously common” at Plymouth, Great
Britain, and his hypothesis on causation was that it
was caused by fishermen damaging the mouthparts
when violently unhooking this unwanted species;
however, no illustrations of the deformity were pre-
sented. Billfishes (Istiophoridae) can also end up with
similar abnormal head morphology when their spear
is broken close to the main head region (Morrow
1951). Head deformities caused by thickening of the
dermis and formation of subcutaneous adipose tissue
in the anterior head region, observed in e.g. scom-
brids, carangids, clupeids, coregonids and other
neritic-pelagic species held in aquaria or certain types
of hatchery tanks (Suzuki et al. 1973; Howey 1985;
Shimizu and Takeuchi 2002; Stejskal et al. 2018), can
lead to a head morphology similar to pugheadedness,
likely caused by collisions with walls (Blaxter and
Holliday 1963). If walling happens in larval stages,
it could probably cause malformations in the cranial
bones and hence become actual cases of pugheaded-
ness, as seen in Sawada et al. (2020). One report of
pugheadedness in laboratory-reared Pacific herring
Clupea pallasii notes that the condition developed
gradually through ontogeny, suggesting cumulative
effects of e.g. walling behavior (Talbot and
Johnson 1972).

Early-ontogeny damage in the structures (likely the
parasphenoid) that are affected by mutations or dis-
rupted developmental pathways underlying congenital
pugheadedness could be hypothesized to lead to a
deformation similar to pugheadedness. Not all
injury-related deformations of the forehead are equiv-
alent to pugheadedness.

It has also been suggested that mechanical pressure
on the embryo inside the egg e.g. from yolk could
be a possible cause (Leonhardt 1906; Whitley 1944).
While not strictly an injury, the deformation would
in such cases still be caused by mechanical force. The
parasphenoid is among the first bones to mineralize
in the fish skull (Mesa-Rodriguez et al. 2016) and
could thereby be vulnerable to mechanical force in
early ontogeny, since no other structures surrounding
it would relieve the pressure. This hypothesis may be
restricted to cases with malformed parasphenoids, not
cases where it is shortened.

Overcrowding in aquaculture has also been indi-
cated to affect cranial abnormalities. Roo et al. (2010)
found that incidence was more than twice as high
when culturing eggs of red porgy Pagrus pagrus in
intensive rearing systems (100 eggs - L™ 6.8% inci-
dence), as compared to semi-intensive systems (5 eggs -
L™ 3.1% incidence). Overcrowding in itself is, how-
ever, unlikely as a causing factor. Instead, associated
environmental alterations, such as oxygen concentra-
tion or nutrition, or possibly increased walling behav-
ior, are likely to be the cause behind the increased
incidence (Shariff et al. 1986; Roo et al. 2010).

Incidence

In unpolluted natural waters, morphological anomal-
ities in general are relatively rare (often < 1% of indi-
viduals: e.g. Whitney 1961; Warlen 1969; Dahlberg
1970; Scherer 1973; Komada 1980; Berra and Au 1981,
Nankee 1981), although it can vary substantially
among species (Berra and Au 1981) and a few reports
suggest that it can sometimes be common in certain
populations from presumably unpolluted areas. For
instance, Young (1929) noted pugheaded blue cod
Parapercis colias, of different severity degrees, as com-
mon at one of the fishing grounds near the Chatham
Islands: “a load of fish from these grounds can be
relied on to supply several dozen specimens”. Similarly,
panga seabream Pterogymnus laniarius were noted to
be common enough in South African waters to have
a specific name (dik-bek panga) among fishermen
(Barnard 1935). Hickey et al. (1977) collected records
on 14 pugheaded striped bass Morone saxatilis from
the Hudson River and Long Island area, New York,



between 1964 and 1973, in a program that included
an information campaign (commenced in 1972)
through media and flyers distributed to fishermen. A
“population” of pugheaded brown trout Salmo trutta
is mentioned in Bateson (1894), possibly referring to
several specimens caught in Lochdow, near Pitmain
in Inverness-shire, Scotland; however, a natural pop-
ulation of mainly pugheaded individuals seem unlikely.
Reported incidence estimated from natural environ-
ments are summarized in Table 1.

In polluted waters, morphological deformities can
become more common (Sindermann et al. 1978; Sloof
1982; Lemly 1993; Klumpp et al. 2002). Several sites
from where pugheaded fish have been quantified
(Table 1) are polluted. Sindermann et al. (1978) notes
that >10% of striped bass were pugheaded in the lower
Hudson River estuary, which is located next to New
York City and generally polluted. Seine net surveys
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in 1973, however, only indicated 0.2% incidence in
the lower Hudson River (Hickey et al. 1977). Lake
El-Temsah in Egypt, where 1% pugheaded (“bird-like
head”) Nile tilapia Oreochromis niloticus were found,
was polluted by lead and cadmium (Eissa et al. 2008);
however, no unpolluted control site was included in
the study, making it hard to assess causation.
Among artificially bred and reared fish pugheads
can occasionally be found, with varying incidence:
e.g. 48.7% in striped bass Morone saxatilis (Grinstead
1971); 0.9% in ayu Plecoglossus altivelis (Komada
1980); 1% in bighead carp Hypophthalmichthys nobilis
(Shariff et al. 1986); up to 9.1% in barramundi Lates
calcarifer (Fraser and de Nys 2005); up to 0.16% in
the well-established AquaGen strain of Atlantic
salmon Salmo salar (Gjerde et al. 2005); 5.5% in olive
flounder Paralichthys olivaceus (Sawayama and Takagi
2016); and 6.7% in gilthead seabream Sparus aurata

Table 1. Incidence of pugheadedness in fish collected in natural environments. Total number of investigated individuals denoted
as N. Incidence specificity depends on level of detail in the original publication. 0% incidence in additional species from these

studies are reported in the footnotes.

Species Incidence N Locality Region Reference
Larvae, 13 spp. <0.06%? 12000 Long Island Sound, Niantic Connecticut, USA Nankee (1981)
Bay
Abramis brama 1.73% (0.5-2.9%) 6948 Rhine-Meuse catchments Europe Slooff (1982)
Bairdiella icistia 0.06% (0-0.9%) 38767  Salton Sea California, USA Whitney (1961)
Chasmistes brevirostris 0.34% 1178  Upper Klamath Lake Oregon, USA Plunkett and Snyder-Conn
(2000)¢
Chrysichthys nigrodigitatus 0.4% 4511 Cross River estuary Nigeria Obiekezie et al. (1988)
Cottus confusus 1.3%* 74 Rock Creek Washington, USA Patten (1968)
Ctenolabrus rupestris 0.26%* 381 Loch Sunart Scotland, UK Treasurer (1994)
Cynoscion regalis 0.05%* 2021 Georgia estuaries Georgia, USA Dahlberg (1970)¢
Cynoscion regalis >10% NA Lower Hudson River estuary New York, USA Sindermann et al. (1978)
Esox lucius 0.03% (0-0.07%) 10494  Heming Lake Manitoba, Canada Lawler (1966)
Etropus crossotus 0.24%* 416 Georgia estuaries Georgia, USA Dahlberg (1970)¢
Gadus morhua 0.2% (0%-0.4%) 9592  Wadden Sea Europe Méller and Anders (1992)¢
Gadus morhua 2%P NA Baltic Sea Europe Lang et al. (2018)
Hesperoleucus symmetricus 0.62%* 162 San Lorenzo Creek California, USA Leidy (1985)
Hesperoleucus symmetricus 10.0%* 10 Del Puerto Creek California, USA Leidy (1985)
Ictalurus furcatus 1.89-3.68% 4357  Rappahannock River Virginia, USA Schmitt and Orth (2015)
Lepomis microlophus 0.83% 120 Sparks City Lake Oklahoma, USA Porta and Snow (2019)
Limanda <1%® NA Baltic Sea Europe Lang et al. (2018)
Limanda <0.5% 17924  Wadden Sea Europe Moller and Anders (1992)¢
Merlangius merlangus 0.1% 6561  Wadden Sea Europe Méller and Anders (1992)¢
Morone saxatilis 0.04%** 4873 San Francisco Bay California, USA Talbot (1967)
Morone saxatilis 0.2% 1773 Lower Hudson River New York, USA Hickey et al. (1977)
Morone saxatilis >10% NA Lower Hudson River estuary New York, USA Sindermann et al. (1978)
Oreochromis niloticus 1% 600 Lake El-Temsah Egypt Eissa et al. (2008)
Osmerus eperlanus <0.5% 35279 Wadden Sea Europe Moller and Anders (1992)¢
Perca flavescens 0.10% (0.06-0.14%) 8987  Heming Lake Manitoba, Canada Lawler (1966)
Pimephales notatus 0.65% 2771 Cedar Fork Creek Ohio, USA Berra and Au (1981)f
Platichthys flesus <0.5% 19129  Wadden Sea Europe Méller and Anders (1992)¢
Salmo salar 0.09%* 1126 Gambo Pond Newfoundland, Leggett (1969)
Canada
Salmo trutta 12.5%*** 16 Furittu Stream Sardinia, Italy Palmas et al. (2019)

*Only one pugheaded specimen.

**Only 2 pugheaded specimens.

***2 specimens considered deformed, but one very slight.

2All skull deformities included.

bAll skeletal deformities, including lordosis, scoliosis and pugheadedness.
“0% incidence in Deltistes luxatus.

40% incidence recorded in 12 other teleost species (5 with N>1000; 4 with N>300; 3 with N<100).
¢0% incidence recorded in Anguilla anguilla (N=598), Zoarces viviparus (N=931), Myoxocephalus scorpio (N=305), Agonus cataphractus (N=669),

Pleuronectes platessa (N=8739), and Solea solea (N=2574).

f0% incidence recorded in 33 other species (5 with N>1000; 6 with N>100; 11 with N>10; 11 with N<10).
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(Fragkoulis et al. 2018). Extreme cases of very high
incidence are also found in the literature, e.g. in
Mansueti (1958), where a third of all surviving
striped bass Morone saxatilis juveniles were pug-
headed. It should be noted that there is still typically
a low frequency of deformities (e.g. Bruno 1990;
Jawad et al. 2014, 2015), and only a few parents may
be associated to the bulk of the affected individuals
(Sawayama and Takagi 2016). Malformed individuals
may have a higher chance to survive early life when
fed ad libitum in predator-free aquaculture facilities,
as compared to natural environments (e.g. Komada
1980), making comparisons of occurrence between
natural and artificial environments difficult.
Comparative studies between wild and hatchery-reared
seabreams (Sparus aurata and Pagrus major) have
indicated that incidence of skeletal malformation
(including head deformations like pugheadedness) is
much lower in the wild (Boglione et al. 2001;
Matsuoka 2003). While the wild fish were sampled
at young age, there may still be a survival bias
between these environments.

Some comments on incidence records are war-
ranted. It seems likely that recorded frequencies of
pugheadedness are overestimates in relation to typical
natural frequencies, as there are without doubt a mul-
titude of field studies of fish populations where no
pugheaded fish are found, which are not covered in
the literature survey. Furthermore, many incidence
values based on a single specimen (Table 1), which
makes these estimates highly uncertain. Finally,
Bengtsson (1979) argues that deformed fish may be
easier to capture, causing biased sampling and thereby
overestimation of incidence.

Proximate performance implications

Since the premaxillary and maxillary bones may be
severely deformed in pugheaded fish, the gape can
be restricted, complete opening (Subba 2004; Jawad
and Ibrahim 2019) or closure (Mansueti 1960) of the
mouth can be hindered, and the protractile function
of the jaw can be negatively affected (Nystrom 1889;
Bortone 1971), with possible severe consequences for
feeding efficiency and, hence, growth (Rose and Harris
1968; Shariff et al. 1986; Bruno 1990). When mouth-
parts are severely affected, the malformed individual
may be limited to feed only on suboptimal food items
that do not require manipulation with the jaws to be
consumed, e.g. algae (Garstang 1898). Some observa-
tional studies in culture conditions suggest that no
feeding disadvantage is apparent (e.g. Mansueti 1958),
and it likely depends on the severity of the condition.

Even severely pugheaded individuals have, however,
been found to survive for long time in the wild (see
below). Possibly, a malformed mouth may also impair
ventilation of the gills, so that swimming performance
is negatively affected due to limited oxygen uptake
(Bortone 1971; Nakamura 1977; Bruno 1990; Lijalad
and Powell 2009).

The nostrils can sometimes be situated in an
unnaturally narrow space in the anterior lower corner
of the eye, and in some cases the olfactory nerve is
suspected to be deformed or even missing (Gudger
1937; Al-Hassan and Naamma 1988; Jawad and
Ibrahim 2019; Jawad et al. 2020), suggesting that the
development of the olfactory sense organs may be
negatively affected, which could also affect perfor-
mance in terms of foraging, orientation, and ulti-
mately survival. Eyes are typically deformed in more
severe cases of cranial compression, clearly visible as
exophthalmia or oval-shaped eyes (e.g. Tornier 1908;
Berinkey 1959; Bortone 1971; Hickey et al. 1977;
Catelani et al. 2017; Jawad and Ibrahim 2019). Eye
deformations in aquacultured non-pugheaded hybrid
walleyes (Stizostedion vitreus x S. canadensis) leads to
impaired mass gain and reduced body condition, sug-
gesting that general performance may be jeopardized
by this effect alone (Garcia-Abiado et al. 2006).

The deformation may also have impacts on the
central nervous system due to deformation of the
cranial cavity affecting the brain directly (suggested
by Yung 1901; Jawad and Ibrahim 2017; Jawad et al.
2020). Nystrom (1889) described and depicted the
brain of a pugheaded shorthorn sculpin Myoxocephalus
scorpio; the brain position was anteriorly tilted
downwards and the space in the brain cavity was
very restricted compared to normal specimens.
Morphometric analyses would be necessary to ascer-
tain effects on specific brain subregions, and behav-
ioral studies are required to assess effects of
deformities. Yung (1901) presents a drawing of a
brain from a pugheaded one-eyed rainbow trout
Oncorhynchus mykiss, which is clearly abnormally
asymmetric. The asymmetry is particularly notable
on the right hemisphere of the optic tectum, the
same side where the eye was missing. Neurological
effects are not yet well investigated, and information
on cognitive or behavioral effects is absent from the
literature. Since pugheadedness can be induced
in hatchery environments, these effects could pos-
sibly be investigated experimentally in controlled
environments. Zebrafish Danio rerio mutants are
other potentially useful models for e.g. behavioral
studies, but may be of limited use for ecological
investigations.



Ultimate performance implications

Most accounts of performance of pugheaded fish in
the wild rely on comparing length, mass, body con-
dition, stomach fullness, reproductive status, etc. in a
single or a few pughead specimen with that of sym-
patric conspecifics. Hence, the evidence for ultimate
performance issues are not statistically well powered.
There is also likely a survivorship bias in the report-
ing, meaning that individuals that perform poorly are
unlikely to survive long enough to get caught and,
hence, the reported cases from adults come from indi-
viduals that has not been severely affected by the
condition. In general, growth impairments leading to
small body size or poor condition could make the
individual susceptible to death by both starvation and
predation, and any substandard functioning of body
parts likely increases predation mortality risk (Mesa
et al. 1994).

One study has aimed at investigating effects of pug-
headedness in a more standardized setting. Utilizing the
fact that pugheadedness was exceptionally high in striped
bass Morone saxatilis hatcheries at the time, Grinstead
(1971) conducted a release experiment in Canton
Reservoir, Oklahoma, where young-of-the-year pugheads
and normal individuals were released in mid-June in
two consecutive years. Recaptures were done systemati-
cally over summers using mesh-bag seine at six locations
in the reservoir. By comparing relative capture frequency
and size of pugheads and normal individuals (Figure 4),
post-release performance was assessed statistically. Body
length of pugheaded bass was consistently lower than in
normal individuals (Figure 4B), and a regression analysis
suggested that the slope of the pughead-regression was
shallower than that of normal fish, indicating generally
lower growth rates. Overall, the degree of pugheadedness,
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as determined by a deformation classification scheme,
was reduced over time in recaptured individuals, sug-
gesting selection against individuals with more deformed
heads (Grinstead 1971).

From the cases studies, the assessments of perfor-
mance are largely mixed. One case concerns a
floy-tagged pugheaded juvenile brown rockfish Sebastes
auriculatus which was recaptured 4 times over
15months (Adams and Ryan 1982). During this time,
it grew 6.7mm in total length; the growth was slower
than that of normal conspecifics tagged within the
same project during winter, but not during other parts
of the year. Bortone (1971) noted that growth of a
moderately pugheaded age 0+ pirate perch Aphedoderus
sayanus did not seem to be seriously affected (the
body length was comparable to other age 0+ sympatric
conspecifics), possibly due to the non-protractile feed-
ing mode of the species. Similar reasoning was pre-
sented in an observational study of a pugheaded
Atlantic goliath grouper Epinephelus itajara, which
appeared to be healthy and in normal body condition
and had reached an adult size in a natural environ-
ment (Bueno et al. 2015). The ecology of the goliath
grouper, being reef-associated and feeding on
slow-moving fish and crustaceans, could have facili-
tated survival according to Bueno et al. (2015). In a
case of a pugheaded male landlocked Atlantic salmon
from Newfoundland, scale-reading revealed that the
7year-old specimen had spawned twice and was in
the 97t percentile in its year class in length, suggest-
ing that this individual had competed successfully
with conspecifics (Leggett 1969).

Comparing two specimens of pugheaded Clear Lake
hitch Lavinia exilicauda chi with a large number of
normal conspecifics, Kathan et al. (2020) found that
one had a much lower mass for its length while the

B
) (o]
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- @ o 1970
@® Normal
@® Pughead
2 4 6 8 10 12 14

Weeks post-release

Figure 4. Recapture data from Grinstead (1971), where hatchery-bred pugheaded and normal striped bass (Morone saxatilis)
were released into Canton Reservoir, Oklahoma, in 1969 (total N=56000) and 1970 (total N=44200). A) Relative frequency of
recaptured normal and pugheaded bass (relative frequency of released fish not known). B) Mean length of recaptured normal

and pugheaded striped bass. Week 12 not sampled in 1969.
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other was within the normal range of mass for its
length, albeit in the lower part of that range. Similar
to the latter specimen, Catelani et al. (2017) found a
pugheaded adult peacock bass Cichla kelberi to have
lower, but not detrimentally reduced, relative body
mass than 13 sympatric conspecifics. Even fish with
severe head deformities can be found in good condi-
tion. Severely pugheaded adult striped bass Morone
saxatilis have been captured with fish in their stom-
achs — evidently showing their capacity to hunt down
prey (although, the condition of the prey is unknown)
(Mansueti 1960; Lyman 1961).

Several studies find that adult pugheaded specimens
are in reproductive condition with normal length for
their age (Pappenheim 1907; Briggs 1966; Chew 1973;
Franks 1995; Bueno et al. 2015; Catelani et al. 2017).
It is also sometimes noted that pugheaded specimens
appear to be in apparent good health and condition
(van Lidth de Jeude 1885; Marlborough and Meadows
1966; Hickey et al. 1977; Jawad and Ibrahim 2017).
Several studies note that the growth and/or condition
of the fish (mass relative to length) is markedly poorer
in pugheads (Rose and Harris 1968; Nakamura 1977;
Tilseth et al. 1984; Schmitt and Orth 2015; Jawad
et al. 2018; Porta and Snow 2019), typically inter-
preted as a consequence of poorly functioning jaws
and foraging ability. Slow growth has also been
observed in aquaculture, where food is abundant
(Shariff et al. 1986).

Overall, the performance of pugheaded fish appears
to depend both on severity of the deformity, and on
the species ecology. Likely, site-specific competition-
and predation pressure also influence the performance,
but studies are missing on these aspects.

Which species are affected?

To investigate which species are affected by pughead-
edness, a literature search was performed. Literature

was searched for using several sources with different
strength and weaknesses (Falagas et al. 2008). Two
standardized scientific literature databases were
searched: 1) Web of Science (Clarivate Analytics 2020)
and 2) Scopus (Elsevier 2020). The scientific search
engine Google Scholar was also used (Google LLC
2020a). Furthermore, all papers found during the
searches and previously published bibliographies on
fish teratology and pugheadedness (Dawson 1964,
1966, 1971; Dawson and Heal 1976; Leidy 1985) were
screened for additional references. The main Google
search engine (https://google.com/) was also searched
for additional nonscientific records (i.e. photographs).
Summaries of the search results are found in
Nislund (2021).

All identified publications, ranging from year 1555
to 2020, are summarized and freely available in a
digital data spreadsheet deposited in an online repos-
itory (Ndslund 2021). For each publication, species,
family, origin (wild or aquaculture), type of record
(photo, illustration, description, osteology, note), num-
ber of reported cases, and extent of the publication
obtained (full text, abstract, or title) are recorded.
Nonscientific sources from websites, blogs, and social
media (Twitter, Facebook, etc.) are noted separately.
Species names and families were updated to currently
valid taxonomy according to Eschmeyer’s Catalog of
Fishes (Fricke et al. 2020), based on scientific names
specified in original publications (i.e. assuming species
determination was valid); with the exception of Sander
spp. which are referred to as Stizostedion spp. follow-
ing Bruner (2021). Deformities described as ‘parrot-like
head’ and similar anomalities (e.g. Michajlowa 1968;
Eissa et al. 2008, 2009; Yadegari et al. 2011) were
classified as pugheadedness for the literature summary.
Cases described as having shortened upper jaws were
also included, but not those with extended lower jaws.

From the literature search at least 142 species and
3 hybrids were recorded, with an additional 3 species

CRCaa

Normal Primary Secondary Tertiary

Figure 5. Degrees of pugheadedness as defined by Hickey et al. (1977). Primary pugheadedness: mildly steep forehead. Secondary
pugheadedness: moderately steep forehead, slight reduction in size of upper jaw (lower jaw protrudes slightly, but markedly,
beyond upper more than normal), possibly malformed maxilla and/or premaxilla, with or without exophthalmia. Tertiary pug-
headedness: acutely steep forehead, greatly reduced upper jaw with lower jaw extending far beyond upper, malformation of
maxilla and/or premaxilla, incomplete closure of mouth, reduced gape, exposure of tongue, and exophthalmia. Depicted example:
striped bass Morone saxatilis; note that the exact expression of the deformity will depend on the species’ normal head mor-

phology and relative jaw length and position (see Figure 3 for more examples).
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Figure 6. Pughead records mapped onto a phylogeny of fish families. All families with cases of pugheads recorded are mapped,
along with 40 randomly selected families where pugheads have not been recorded. The phylogeny is based on data from
Rabosky et al. (2018), using the fishtree R-package Chang et al. (2019). See supplemental information in Naslund (2021) for all

documented records of pugheaded individuals in each family.

included as possible cases. Six elasmobranch species
were recorded with pughead-like deformities, although
it is not clear that these represent an equivalent type
of deformity as in bony fishes. The nonscientific
sources (photographs) revealed 22 additional species,
predominantly stemming from angling and aquarist
websites and forums. In total, the recorded cases rep-
resented 60 different families (excluding the elasmo-
branchs). These families were well distributed across
the actinopterygian phylogeny (Figure 6). Families
with more than 10 publications describing cases of
pugheadedness were Clupeidae, Cyprinidae, Gadidae,
Moronidae, Percidae, Salmonidae, Sciaenidae, and
Sparidae. All of these families include species import-
ant for commercial fisheries, angling, or aquaculture.
Based on these findings, the general conclusion is
that pugheadedness likely is a general phenomenon

in actinopterygian fish and not specific to certain
families or habitats. Certain species being overrepre-
sented in the literature likely reflects bias related to
high human exposure to these species (increasing the
likelihood of finding pugheaded specimens) and not
a particularly high incidence frequency.

Discussion

Descriptive teratology of fishes seems to have pro-
gressively fallen out of fashion in the scientific
literature over the last century. Many recent cases
are not reported scientifically, but instead found
in e.g. social media as curiosities (e.g. from aquar-
ium breeders, anglers and aquaculturists). It might
be that the condition now is relatively widely
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recognized, and reporting of additional cases is
perceived as unnecessary. Furthermore, most
reports pertain to quite severe cases, likely due to
slight cases being overlooked as they do not deviate
much from normal specimens, as also argued by
(Hickey et al. 1977). Hence, there is no good way
of assessing the true number of taxa affected by
pugheadedness.

Already in 1930s Croker suggested that “nearly all
kinds of fish have been observed to be susceptible to
the abnormality” (Croker 1931). Based on this review,
it can be concluded that a wide range of taxa are
indeed susceptible, both in freshwater and marine
environments, suggesting that disruption (genetic,
environmental, or interactions between these) of one
or several common developmental pathway(s) is the
underlying mechanism. While additional case reports
are indeed interesting, it is advisable to try to focus
investigations on incidence and the factors leading to
this condition in more detail. This has been the focus
in several aquaculture-related projects, but more data
are needed from the natural environment, where inci-
dence and causing factors are still mainly speculated
upon. Given that observations in the wild are rela-
tively rare, this may be a difficult task which has to
rely on opportunistic research conditions. Furthermore,
the ecology of pugheaded fishes in the wild, compared
to normal individuals, (mortality rates, growth rates,
behavior etc.) is still largely based on anecdotal evi-
dence. The occasional high incidence in aquacultured
fish could possibly be used for experimental studies
(e.g. for behavioral comparisons under controlled con-
ditions, or release-recapture experiments in natural or
semi-natural environments). Detailed brain morphol-
ogy- and cognition studies may also be interesting,
given the potential effects the deformity may have on
the brain.

Terminology

“Pugheadedness” is a descriptive term covering several
different combinations of malformations of the bones
in the forehead of fishes (Boglione et al. 2001). Hickey
et al. (1977) amended the term with a 3-tiered clas-
sification system based on external morphology (pri-
mary, secondary, and tertiary pugheadedness; Figure
5; also see Barahona-Fernandes 1982). Prior to that,
Gudger (1929) used two degrees of deformation to
describe salmonid pugheads (both, however, being
relatively severe as compared to classification by
Hickey et al. 1977). From the literature review it is
clear that even more nuances could be accounted for

among the cases, given the fact that the scale of defor-
mity is continuous and that there is substantial vari-
ability of the bones affected and secondary effects on
e.g. eyes and tongue. A relative jaw-index where the
shortening of the deformed specimens is related to
normal-specimen jaws could be used to provide a
more specific description of the severity degree. Given
how commonly used the term is, it seems to be good
advice to retain pugheadedness as an overarching term
for congenital shortened foreheads, although it likely
covers many combinations of bone deformities. The
usage of the term should reasonably be restricted to
cases with demonstrably shortened or deformed paras-
phenoid bones, without additionally shortened lower
jaws — this definition would align reasonably well
with the general consensus through history. The
lower-jaw criterion separates pugheadedness from
roundheadedness, but there must be a realization that
there is a gradient of deformities spanning between
these generalized terms and they should mainly be
used as heuristic descriptions.

Some authors use a strict definition of pughead-
edness, considering only cases with specifically eth-
moid and parasphenoid bone malformation as
pugheaded (e.g. Sawada et al. 2001). Such strict defi-
nitions of pugheadedness do not necessarily match
the extensive literature in which a general upper-jaw
deformity is typically denoted as pugheadedness,
without specific investigations into which osteological
elements are affecting the deformities. In recent lit-
erature, pugheadedness has also been defined as
deformed maxillary and premaxillary elements, with-
out mentioning the parasphenoid (e.g. Daria
et al. 2010).

Notes from the literature search

The literature search results indicate that publications
on pugheadedness are not particularly well covered by
the main scientific databases Web of Science (26 hits)
and Scopus (26 hits). The search engine Google
Scholar performed substantially better (97 hits), likely
due to a wider indexing and searching of whole text
documents, rather than being limited to titles, key-
words, and abstracts. Nevertheless, searching reference
lists in the literature still increased the number of
relevant publications with over 100%. For future work
on pugheadedness in fish, it is important to know
where to find the literature on the subject. Hence, for
future reference, an annotated bibliography including
all publications found in this study is available in
Nislund (2021). Undoubtedly, there are additional



descriptive scientific reports on cases of pugheaded-
ness, particularly in non-English literature. There is
also a large amount of literature just noting head
deformities in general (e.g. in aquaculture and toxi-
cology studies); some of these studies undoubtedly
include pugheads, but were either not detected due to
lack of relevant key-words in the text, or excluded
from the bibliography due to lack of details. There is
also undoubtedly more records described in news
media, since there are several such news articles noted
in the scientific literature [e.g. striped bass Morone
saxatilis reported in New York Sun (December 21,
1919; Gudger 1930), The Washington Sunday Star (June
2, 1957; Mansueti 1960), and Chrisfield Times (August
5, 1960; Mansueti 1960); a rainbow trout reported in
The Sydney Daily Telegraph (Nov. 7 1932; Whitley 1944)].

Acknowledgments

Special thanks are directed to the Biodiversity Heritage
Library (https://www.biodiversitylibrary.org/) for making old
biological literature available online, without this resource
this study would not be possible. Two anonymous reviewers
are thanked for comments on the manuscript.

References

Adams PB, Ryan J. 1982. Morphology and growth of a
pugheaded brown rockfish, Sebastes auriculatus. Calif
Fish Game 68:54-57.

Al-Harbi AH. 2001. Skeletal deformities in cultured com-
mon carp Cyprinus carpio. Asian Fish Sci 14:247-254.
Al-Hassan LAJ, N@amma AK. 1988. A case of pugheaded-
ness in the croaker Johnius aneus from Khor Al-Zubair,
northwest of the Arab Gulf Basrah, Iraq. Indian J Fish.

35:68-69.

Aldrovandi U. 1642. Monstrorum historia, cum parapipome-
nis omnium animalium Bartholomaeus Ambrosinus
labore et studio volumen composuit. Bologna: Nicolai
Tebaldini.

Antipa G. 1909. Fauna ichtiologica a romaniei. Bucharest:
Inst. de Arte Grafice “Carol G6bl”.

Atkins JB, Franz-Odendaal TA. 2016. The evolutionary and
morphological history of the parasphenoid bone in ver-
tebrates. Acta Zool. 97(2):255-263. do0i:10.1111/az0.12131

Aulstad D, Kittelsen A. 1971. Abnormal body curvatures
of rainbow trout (Salmo gairdneri) inbred fry. J Fish Res
Board Can. 28(12):1918-1920. doi:10.1139/f71-290

Barahona-Fernandes MH. 1982. Body deformation in hatch-
ery reared European sea bass Dicentrarchus labrax (L.).
Types, prevalence and effects on fish survival. J Fish Biol.
21(3):239-249. do0i:10.1111/j.1095-8649.1982.tb02830.x

Barnard KH. 1935. Notes on South African marine fishes.
Ann S Afr Mus. 30:645-658.

Barresi MJF, Gilbert SE. 2018. Developmental biology. 11th
ed. Sunderland, MA: Sinauer Associates, Inc.

REVIEWS IN FISHERIES SCIENCE & AQUACULTURE e 17

Barrington D. 1767. A letter to Dr. William Watson, F. R.
S. from the Hon. Daines Barrington, F. R. S. on some
particular fish found in Wales. Philos Trans R Soc Lond.
57:204-214.

Bateson W. 1894. Materials for the study of variation.
London: MacMillan and Co.

Bengtsson BE. 1979. Biological variables, especially skeletal
deformations in fish, for monitoring marine pollution.
Philos Trans R Soc Lond B 286:457-464.

Bengtsson A, Bengtsson BE, Lithner G. 1988. Vertebral
defects in fourhorn sculpin, Myoxocephalus quadricornis
L., exposed to heavy metal pollution in the Gulf of
Bothnia. ] Fish Biol. 33(4):517-529.
do0i:10.1111/j.1095-8649.1988.tb05496.x

Berinkey L. 1959. A Lucioperca volgensis with a deformed
head from the river Danube. Opusc Zool. 3:23-27.

Berra T, Au R-J. 1981. Incidence of teratological fishes from
Cedar Fork Creek, Ohio. Ohio J Sci. 81:225-229.

Blaxter JHS, Holliday FGT. 1963. The behaviour and phys-
iology of herring and other clupeids. Adv Mar Biol.
1:261-393.

Boglione C, Gagliardi F, Scardi M, Cataudella S. 2001.
Skeletal descriptors and quality assessment in larvae and
post-larvae of wild-caught and hatchery-reared gilthead
sea bream (Sparus aurata L. 1758). Aquaculture 192(1):1-
22. do0i:10.1016/S0044-8486(00)00446-4

Boglione C, Gisbert E, Gavaia P, E. Witten P, Moren M,
Fontagné S, Koumoundouros G. 2013. Skeletal deformi-
ties in reared European fish larvae and juveniles. Part 2:
main typologies, occurrences and causative factors. Rev
Aquacult. 5:5121-S167. doi:10.1111/raq.12016

Bolla S, Holmefjord I. 1988. Effect of temperature and light
on development of Atlantic halibut larvae. Aquaculture
74(3-4):355-358. doi:10.1016/0044-8486(88)90379-1

Bolker JA, Thomson KS. 1992. Abnormal craniofacial de-
velopment in cyclopic salmonid fishes. ] Morphol.
211(1):23-29. d0i:10.1002/jmor.1052110104

Bortone SA. 1971. Pugheadedness in the vermilion snapper,
Rhomboplites aurorubens, in the Northern Gulf of Mexico.
Trans Am Fish Soc. 100(2):366-368. d0i:10.1577/1548-865
9(1971)100<366:PITVSR > 2.0.CO;2

Bortone SA. 1972. Pugheadedness in the pirate perch,
Aphredoderus sayanus (Pisces: Aphredoderidae), with im-
plications on feeding. Chesapeake Sci. 13(3):231-232.
doi:10.2307/1351073

Branson EJ, Turnbull T. 2008. Welfare and deformities in
fish. In: Branson EJ (Ed). Fish welfare. Oxford: Blackwell
Publishing.

Briggs PT. 1966. A pugheaded tautog. N Y Fish Game J.
13:236-237.

Browder JA, McClellan DB, Harper DE, Kandrashoff MG,
Kandrashoff W. 1993. A major developmental defect ob-
served in several Biscayne Bay, Florida, fish species.
Environ Biol Fish. 37(2):181-188. doi:10.1007/BF00000593

Brown CL, Power DM, Nuifez JM. 2010. Disorders of de-
velopment in fish In: Leatherland JF, Woo PTK (Eds).
Fish diseases and disorders: non-infectious disorders (Vol
2, 2nd ed.). Wallingford: CAB International; p. 166-181.

Bruner JC. 2021. Stizostedion Rafinesque, 1820 (Percidae)
is the valid generic name for walleye, sauger, and
European pikeperch. Fisheries 46(6):298-302. doi:10.1002/
fsh.10582


https://www.biodiversitylibrary.org/
https://doi.org/10.1111/azo.12131
https://doi.org/10.1139/f71-290
https://doi.org/10.1111/j.1095-8649.1982.tb02830.x
https://doi.org/10.1111/j.1095-8649.1988.tb05496.x
https://doi.org/10.1016/S0044-8486(00)00446-4
https://doi.org/10.1111/raq.12016
https://doi.org/10.1016/0044-8486(88)90379-1
https://doi.org/10.1002/jmor.1052110104
https://doi.org/10.1577/1548-8659(1971)100<366:PITVSR > 2.0.CO;2
https://doi.org/10.1577/1548-8659(1971)100<366:PITVSR > 2.0.CO;2
https://doi.org/10.2307/1351073
https://doi.org/10.1007/BF00000593
https://doi.org/10.1002/fsh.10582
https://doi.org/10.1002/fsh.10582

18 J.NASLUND

Bruno DW. 1990. Miscellaneous external abnormalities of
farmed salmonids. Aquacult Inf Ser. 11:1-6.

Bruno DW, Noguera PA, Poppe TT. 2013. Production dis-
eases and other disorders In: Bruno DW, Noguera PA,
Poppe TT, editors. A colour atlas of salmonid diseases.
2nd ed. Dordrecht: Springer; p. 151-178.

Buckland FT. 1863. Fish hatching. London: Tinsley Brothers.

Bueno LS, Koenig CC, Hostim-Silva M. 2015. First records
of ‘pughead’ and ‘short-tail’ skeletal deformities in the
Atlantic goliath grouper, Epinephelus itajara (Perciformes:
Epinephelidae). Mar Biodiversity Rec. 8:1-3.

Cahu C, Infante JZ, Takeuchi T. 2003. Nutritional components
affecting skeletal development in fish larvae. Aquaculture
227(1-4):245-258. doi:10.1016/50044-8486(03)00507-6

Carlet M. 1879. Sur une truite mopse. ] Anat Physiol Norm
Pathol Homme Anim. 15:155-160.

Catelani PA, Bauer AB, Di Dario F, Pelicice FM, Petry AC.
2017. First record of pughead deformity in Cichla kelberi
(Teleostei: Cichlidae), an invasive species in an estuarine
system in south-eastern Brazil. ] Fish Biol. 90(6):2496-
2503. doi:10.1111/jfb.13323

Chang J, Rabosky DL, Smith SA, Alfaro ME. 2019. An R
package and online resource for macroevolutionary stud-
ies using the ray-finned fish tree of life. Methods Ecol
Evol. 10(7):1118-1124. doi:10.1111/2041-210X.13182

Chew RL. 1973. Pugheadedness in the Florida largemouth
bass Micropterus salmoides floridanus (Lesueur). Fla Sci.
36:201-204.

Clarivate Analytics 2020. Web of Science [v.5.3.2]. https://
apps.webofknowledge.com/.

Cobbold TS. 1858. Notice of a variety of cod, termed the
“Lord Fish. Proc R Soc Edinburgh 1:51-52.

Cobcroft JM, Pankhurst PM, Poortenaar C, Hickman B,
Tait M. 2004. Jaw malformation in cultured yellowtail
kingfish (Seriola lalandi) larvae. N Z ] Mar Freshw Res.
38(1):67-71. doi:10.1080/00288330.2004.9517218

Crawford DR. 1948. Some monstrosities among fish. Md
Nat. 18:45-49.

Croker RS. 1931. A pugheaded rainbow trout. Calif Fish
Game 17:488-489.

Cuvier G, Valenciennes A. 1828-49. Historie naturelle des
Poissons. Paris: chez FG Levrault.

Dahlberg MD. 1970. Frequencies of abnormalities in
Georgia estaurine fishes. Trans Am Fish Soc. 99(1):95-
97. doi:10.1577/1548-8659(1970)99<95:FOAIGE >
2.0.CO;2

Darias MJ, Mazurais D, Koumoundouros G, Glynatsi N,
Christodoulopoulou S, Huelvan C, Desbruyeres E, Le
Gall MM, Quazuguel P, Cahu CL, et al. 2010. Dietary
vitamin D3 affects digestive system ontogenesis and os-
sification in European sea bass (Dicentrachus labrax,
Linnaeus, 1758). Aquaculture 298(3-4):300-307.
doi:10.1016/j.aquaculture.2009.11.002

Darias M]J, Mazurais D, Koumoundouros G, Cahu CL,
Zambonino-Infante JL. 2011. Overview of vitamin D and
C requirements in fish and their influence on the skel-
etal system. Aquaculture 315(1-2):49-60. doi:10.1016/].
aquaculture.2010.12.030

Darwin C. 1868. The variation of animals and plants under
domestication. Vol. I. London: John Murray.

Dawson CE. 1964. A bibliography of anomalies of fishes.
Gulf Res Rep. 1:308-399.

Dawson CE. 1966. A bibliography of anomalies of fishes,
supplement 1. Gulf Res Rep. 2:169-176.

Dawson CE. 1971. A bibliography of anomalies of fishes,
supplement 2. Gulf Res Rep. 3:215-239.

Dawson CE, Heal E. 1976. A bibliography of anomalies of
fishes, supplement 3. Gulf Res Rep. 5:35-41.

de Quatrefages A. 1888. Memoire sur la Monstruosité
Double, chez les Poissons. Mémoires Publiés Société
Philomatique a LOccasion du Centenaire de sa Fondation,
1788-1888:7-11.

de Réaumur RAE 1752. Observations de physique generale.
IV. Histoire de 'Académie Royale des Sciences. Paris: De
Limprimerie Royale.

DeLaurier A. 2019. Evolution and development of the fish
jaw skeleton. Wiley Interdiscip Rev Dev Biol. 8(2):e337.
doi:10.1002/wdev.337

Doroshev SI, Aronovich TM. 1974. The effects of salinity
on embryonic and larval development of Eleginus nava-
ga (Pallas), Boreogadus saida (Lepechin) and Liopsetta
glacialis  (Pallas). Aquaculture 4:353-362.
doi:10.1016/0044-8486(74)90064-7

Dupree AH. 1951. Some letters from Charles Darwin to
Jeffries Wyman. Isis 42(2):104-110. doi:10.1086/349278

Ehrstrom KE. 1919. Studien am Kopfskelett von Gadus
morrhua und Lumpenus lampetriformis bei Fillen von
Mops- und Rundképfigkeit. Meddel Soc Flora Fauna Fenn
46(3):1-34.

Eissa IAM, Badran AF. Maghawri 2008. Studies on the most
prevailing problems associated with fish anomalies in
Lake Temsah. Suez Canal Vet Med ]. 13:127-140.

Eissa AE, Moustafa M, El-Husseiny IN, Saeid S, Saleh O,
Borhan T. 2009. Identification of some skeletal deformi-
ties in freshwater teleosts raised in Egyptian aquaculture.
Chemosphere 77(3):419-425. doi:10.1016/j.chemo-
sphere.2009.06.050

Elonen GE, Spehar RL, Holcombe GW, Johnson RD,
Fernandez JD, Erickson RJ, Tietge JE, Cook PM. 1998.
Comparative toxicity of 2,3,7,8-tetrachlorodibenzo-p-dio
xin to seven freshwater fish species during early life-stage
development. Environ Toxicol Chem. 17(3):472-483.
doi:10.1002/etc.5620170319

Elsevier 2020. Scopus. https://www2.scopus.com/.

Elwell LCS, Stromberg KE, Ryce EKN, Bartholomew JL.
2009. Whirling disease in the United States - A sum-
mary of progress in research and management 2009. West
Yellowstone: Whirling Disease Initiative & Trout
Unlimited.

Escobar-Sanchez O, Galvan-Magafia F, Downton-Hoffmann
CA, Carrerra-Fernandez M, Vg A-R. 2009. First record
of a morphological abnormality in the longtail stingray
Dasyatis longa (Myliobatiformes: Dasyatidae) in the Gulf
of California, Mexico. Mar Biodiversity Rec. 2:e26.

Faciolo A. 1904. Due casi di deformazione nel Labrax lupus.
Boll Mus Zool Anat Comp R Univ Genova 127:1-8.

Falagas ME, Pitsouni EI, Malietzis GA, Pappas G. 2008.
Comparison of PubMed, Scopus, Web of Science, and
Google Scholar: strengths and weaknesses. FASEB J.
22(2):338-342. doi:10.1096/1].07-9492LSF

Federley H. 1908. Monstrudsa torskar. Meddel Soc Flora
Fauna Fenn. 34:68-74.

Ferraresso S, Milan M, Pellizzari C, Vitulo N, Reinhardt R,
Canario AVM, Patarnello T, Bargelloni L. 2010.


https://doi.org/10.1016/S0044-8486(03)00507-6
https://doi.org/10.1111/jfb.13323
https://doi.org/10.1111/2041-210X.13182
https://apps.webofknowledge.com/
https://apps.webofknowledge.com/
https://doi.org/10.1080/00288330.2004.9517218
https://doi.org/10.1577/1548-8659(1970)99<95:FOAIGE > 2.0.CO;2
https://doi.org/10.1577/1548-8659(1970)99<95:FOAIGE > 2.0.CO;2
https://doi.org/10.1016/j.aquaculture.2009.11.002
https://doi.org/10.1016/j.aquaculture.2010.12.030
https://doi.org/10.1016/j.aquaculture.2010.12.030
https://doi.org/10.1002/wdev.337
https://doi.org/10.1016/0044-8486(74)90064-7
https://doi.org/10.1086/349278
https://doi.org/10.1016/j.chemosphere.2009.06.050
https://doi.org/10.1016/j.chemosphere.2009.06.050
https://doi.org/10.1002/etc.5620170319
https://www2.scopus.com/
https://doi.org/10.1096/fj.07-9492LSF

Development of an oligo DNA microarray for the
European sea bass and its application to expression pro-
filing of jaw deformity. BMC Genomics 11:354.
doi:10.1186/1471-2164-11-354

Fernandez I, Hontoria F, Ortiz-Delgado JB, Kotzamanis Y,
Estévez A, Zambonino-Infante JL, Gisbert E. 2008. Larval
performance and skeletal deformities in farmed gilthead
sea bream (Sparus aurata) fed with graded levels of
Vitamin A enriched rotifers (Brachionus plicatilis).
Aquaculture 283(1-4):102-115. doi:10.1016/j.aquacul-
ture.2008.06.037

Fitzsimons JD, Brown SB, Honeyfield DC, Hnath JG. 1999.
A review of early mortality syndrome (EMS) in Great
Lakes salmonids: relationship with thiamine deficiency.
AMBIO 28:9-15.

Fjelldal PG, Jawad L, Bengtson KE, Otterd H, Thorsen A.
2015. Kongetorsken: Skapt sann eller blitt sann?Fisken
og Havet (Havforskningsrapporten 2015) 1:79-80.

Fjelldal PG, Solberg MF, Hansen T, Vagseth T, Glover
KA, Kryvi H. 2016. Salmonid fish: model organisms
to study cardiovascular morphogenesis in conjoined
twins? BMC Dev Biol. 16(1):25. doi:10.1186/
$12861-016-0125-x

Ford E. 1930. Some abnormal fishes received at the
Plymouth Laboratory. ] Mar Biol Ass U K. 17(1):53-64.
doi:10.1017/S002531540005178X

Fragkoulis S, Batargias C, Kolios P, Koumoundouros G.
2018. Genetic parameters of the upper-jaw abnormalities
in gilthead seabream Sparus aurata. Aquaculture 497:226-
233. doi:10.1016/j.aquaculture.2018.07.071

Franks JS. 1995. A pugheaded cobia (Rachycentron canad-
um) from the northcentral Gulf of Mexico. Gulf Res Rep.
9:143-145.

Fraser MR, de Nys R. 2005. The morphology and occur-
rence of jaw and operculum deformities in cultured bar-
ramundi (Lates calcarifer) larvae. Aquaculture
250(1/2):496-503. doi:10.1016/j.aquaculture.2005.04.067

Fricke R, Eschmeyer WN, Van der Laan R, editors. 2020.
Eschmeyer’s Catalog of Fishes: Genera, Species, References.
Electronic Version accessed 2020-09-01.

Garside ET. 1959. Some effects of oxygen in relation to
temperature on the development of lake trout embryos.
Can J Zool. 37(5):689-698. doi:10.1139/259-069

Garstang W. 1898. Malformation of the mouth in the com-
mon sea-bream. ] Mar Biol Assoc UK. 5:345-347.

Gemmill JE 1912. The teratology of fishes. Glasgow:
Maclehose and Sons.

Gislason H, Karstensen H, Christiansen D, Hjelde K,
Helland S, Baeverfijord G. 2010. Rib and vertebral defor-
mities in rainbow trout (Oncorhynchus mykiss) explained
by a dominant-mutation mechanism. Aquaculture 309(1-
4):86-95. doi:10.1016/j.aquaculture.2010.09.016

Gjerde B, Pante MJR, Baeverfjord G. 2005. Genetic variation
for a vertebral deformity in Atlantic salmon (Salmo sal-
ar). Aquaculture 244(1-4):77-87. doi:10.1016/j.aquacul-
ture.2004.12.002

Goodwin WF, Vaughn TL. 1968. An adult pugheaded
American shad Alosa sapidissima. Trans Am Fish Soc.
97(1):50. doi:10.1577/1548-8659(1968)97[50:AAPASA2.0.
CO;2]

Google LLC. 2020. Google Scholar. https://scholar.google.
com/.

REVIEWS IN FISHERIES SCIENCE & AQUACULTURE e 19

Gregory WK. 1933. Fish skulls: a study of the evolution of
natural mechanisms. Trans Am Philos Soc. 23 (2):1-481.
doi:10.2307/3231917

Grinstead BG. 1971. Effects of pugheadedness on growth
and survival of striped bass, Morone saxatilis (Walbaum)
introduced into Canton Reservoir, Oklahoma. Proc Okla
Acad Sci. 12:8-12.

Gudger EW. 1928. Guillaume Rondelet’s pug-headed carp:
the earliest record — A.D. 1554. Bull Am Mus Nat Hist.
28:102-104.

Gudger EW. 1929. An adult pug-headed brown trout, Salmo
fario: with notes on other pugheaded salmonids. Bull
Am Mus Nat Hist. 58:531-564.

Gudger EW. 1930. Pugheadedness in the striped bass,
Roccus lineatus, and in related fishes. Bull Am Mus Nat
Hist. 61:1-19.

Gudger EW. 1933a. A pugheaded grunt, Haemulon plumieri.
Am Mus Novit. 607:1-6.

Gudger EW. 1933b. A round-headed silver perch, Bairdiella
chrysura: with notes on the earliest figured round-headed
fish. Am Mus Novit. 613:2-5.

Gudger EW. 1936. Beginnings of fish teratology, 1555-1642
- Belon, Rondelet, Gesner and Aldrovandi, the fathers
of ichthyology, the first to figure abnormal fishes. Sci
Mon. 43:252-261.

Gudger EW. 1937. A pug-headed two-lined dab, Lepidopsetta
bilineata: the only known pug-headed flatfish. Am Mus
Novit. 959:1-5.

Haga Y, Suzuki T, Kagechika H, Takeuchi T. 2003. A reti-
noic acid receptor-selective agonist causes jaw deformity
in the Japanese flounder, Paralichthys olivaceus.
Aquaculture 221(1-4):381-392. do0i:10.1016/
S0044-8486(03)00076-0

Hamilton SJ, Holley KM, Buhl KJ, Bullard FA. 2005.
Selenium impacts on razorback sucker, Colorado:
Colorado River: III. Larvae. Ecotoxicol Environ Saf.
61(2):168-189. doi:10.1016/j.ecoenv.2004.07.004

Hanké B. 1922. Torzfejii halak a Magyar Nemzeti Muzeum
gylijteményében. Allattani Kdzlemények 21:11-17.

Hannah JB, Hose JE, Landolt ML, Miller BS, Felton SP,
Iwaoka WT. 1982. Benzo(a)pyrene-induced morphologic
and developmental abnormalities in rainbow trout. Arch
Environ Contam Toxicol. 11(6):727-734. do0i:10.1007/
BF01059161

Helder T. 1981. Effects of 2,3,7,8-tetrachlorodibenzo-p-diox-
in (TCDD) on early life stages of rainbow trout (Salmo
gairdneri, Richardson). Toxicology 19(2):101-112. doi:10.
1016/0300-483X(81)90092-5

Hellstrom A, Chukalova N, Rodjuk G, Ekman E, Norrgren
N. 2012. Aquaculture and fish health In: Norrgren L,
Levengood JM, editors. Ecosystem health and sustainable
agriculture 2. Ecology and animal health. Uppsala: Baltic
University Press.

Hendry AP, Hendry AS, Hendry CA. 2013. Hendry Vineyard
stickleback: testing for contemporary lake-stream diver-
gence. Evol Ecol Res. 15:343-359.

Heron F, Bucke D, Chubb JC, Id W. 1988. Re-appraisal of
the James Johnstone collection of examples of diseased
fish materials. ICES CM 1988/E:9

Herre W. 2009. Betrachtungen an Schiddeln von Goldfischen
(Carassius gibelio f. auratus). Z Zool Syst Evolutionsforsch.
28(2):137-151. doi:10.1111/j.1439-0469.1990.tb00371.x


https://doi.org/10.1186/1471-2164-11-354
https://doi.org/10.1016/j.aquaculture.2008.06.037
https://doi.org/10.1016/j.aquaculture.2008.06.037
https://doi.org/10.1186/s12861-016-0125-x
https://doi.org/10.1186/s12861-016-0125-x
https://doi.org/10.1017/S002531540005178X
https://doi.org/10.1016/j.aquaculture.2018.07.071
https://doi.org/10.1016/j.aquaculture.2005.04.067
https://doi.org/10.1139/z59-069
https://doi.org/10.1016/j.aquaculture.2010.09.016
https://doi.org/10.1016/j.aquaculture.2004.12.002
https://doi.org/10.1016/j.aquaculture.2004.12.002
https://doi.org/10.1577/1548-8659(1968)97[50:AAPASA
https://scholar.google.com/
https://scholar.google.com/
https://doi.org/10.2307/3231917
https://doi.org/10.1016/S0044-8486(03)00076-0
https://doi.org/10.1016/S0044-8486(03)00076-0
https://doi.org/10.1016/j.ecoenv.2004.07.004
https://doi.org/10.1007/BF01059161
https://doi.org/10.1007/BF01059161
https://doi.org/10.
https://doi.org/10.
https://doi.org/10.1111/j.1439-0469.1990.tb00371.x

20 J.NASLUND

Herrick FH. 1885. An abnormal black bass. Science
6(137):243-245. doi:10.1126/science.ns-6.137.243-c

Hickey CR. 1973. Common abnormalities in fishes, their caus-
es and effects. Trans Northeast Fish Wildl Conf. 1972:71-83.

Hickey CR, Young BH, Bishop RD. 1977. Skeletal abnor-
malities in striped bass. N Y Fish Game J. 24:69-85.

Hikita H. 1955. On an aberrant form of chum salmon
taken from the northern Pacific Ocean and some exam-
ples of salmonid fishes in Hokkaido. Sci Rep Hokkaido
Salmon Hatchery 10:63-71.

Hogan JW, Brauhn JL. 1975. Abnormal rainbow trout fry
from eggs containing high residues of a PCB (Aroclor
1242). Progr Fish-Cult. 37(4):229-230. doi:10.157
7/1548-8659(1975)37[229: ARTFFE2.0.CO;2]

Honma Y. 1958. On the aberrant body color found in syn-
ophthalmic chum salmon parr, Oncorhynchus keta
(Walbaum). Bull Jpn Soc Sci Fish. 24(2):93-99.
doi:10.2331/suisan.24.93

Honma Y, Tkeda I. 1971. A pug-headed specimen of black
porgy, Acanthopagrus schlegeli, from the river-mouth of
Asa-kawa, Shikoku. Jpn J Ichthyol. 18:36-38.

Honma Y, Ishikawa S. 1978. Studies on Japanese Chars of
the genus Salvelinus-VIII Taxonomic status of the chars
in Sado Island, with additional note on a pugheaded
specimen. Proc Jpn Soc Syst Zool. 14:55-62.

Hopewell-Smith A. 1908. A specimen showing developmen-
tal defects occurring in the upper jaw of a pike (Esox
lucius). Proc R Soc Med Lond (Odontol Sect) 1908:61-62.
doi:10.1177/003591570800100810

Howey RG. 1985. Intensive culture if juvenile American
shad. Progr Fish-Cult. 47(4):203-212. doi:10.157
7/1548-8640(1985)47<203:ICOJAS > 2.0.CO;2

Hoy JA, Haas GT, Hoy RD, Hallock P. 2011. Observations
of brachygnathia superior in wild ruminants in western
Montana, USA. Wildl Biol Practise 7:1-15.

Hubbs C. 1959. High incidence of vertebral deformities in
two natural populations of fishes inhabiting warm springs.
Ecology 40:154-155.

Isaacson PA. 1965. Pugheadedness in the black perch,
Embiotoca jacksoni. Trans Am Fish Soc. 94(1):98-98. do
i:10.1577/1548-8659(1965)94[98:PITBPE2.0.CO;2]

Jaquet M. 1902. Etude du squelette céphalique d’une "carpe
dauphin. Bul Soc Sci Bucuresci 10:544-557.

Jaquet M. 1911. Sur deux cas de déformation du museau
chez Sargus rondeletii. Bul Soc Sci Bucuresci 20:290-3009.

Jawad L, Hosie A. 2007. On the record of pug-headedness
in snapper, Pagrus auratus (Forster, 1801) (Perciformes,
Sparidae) from New Zealand. Acta Adriatica 48:205-
210.

Jawad LA, Ibrahim M. 2017. On some cases of fish anom-
alies in fishes from the Port of Jubail, Saudi Arabia,
Arabian Gulf. Int ] Mar Sci. 7:188-199.

Jawad LA, Ibrahim M. 2018. Environmental oil pollution:
a possible cause for the incidence of ankylosis, kyphosis,
lordosis and scoliosis in five fish species collected from
the vicinity of Jubail City, Saudi Arabia, Arabian Gulf.
Int ] Environm Stud. 75(3):425-442. doi:10.1080/002072
33.2017.1409978

Jawad LA, Ibrahim M. 2019. Head deformity in Epinephelus
diacanthus (Teleostei: Epinephelidae) and Oreochromis
mossambicus (Teleostei: Cichlidae) collected from Saudi
Arabia and Oman, with a new record of E. diacanthus

to the Arabian Gulf Waters. Thalassas 35(1):263-269.
doi:10.1007/s41208-018-0118-6

Jawad LA, Kousha A, Sambraus F, Fjelldal PG. 2014. On
the record of pug-headedness in cultured Atlantic salm-
on, Salmo salar Linnaeus, 1758 (Salmoniformes,
Salmonidae) from Norway. J Appl Ichthyol. 30(3):537-
539. doi:10.1111/jai.12403

Jawad L, Thorsen A, Ottera H, Fjelldal P. 2015.
Pug-headedness in the farmed triploid Atlantic cod, Gadus
morhua Linnaeus, 1758 (Actinopterygii: Gadiformes:
Gadidae) in Norway. Acta Adriatica 56:291-296.

Jawad LA, Akyol O, Aydin 1. 2017. First records of saddle-
back syndrome and pughead deformities in the common
pandora Pagellus erythrinus (Linnaeus, 1758) (Teleostei:
Sparidae) from wild population in the northern Aegean
Sea, Turkey. Int J Mar Sci. 7:183-187.

Jawad LA, Aydin I, Akyol O. 2018. The first record of
pughead deformity in the European hake, Merluccius
merluccius (Linnaeus, 1758) collected from the northern
Aegean Sea, Turkey. Cah Biol Mar. 59:137-141.

Jawad LA, Al-Khafaji AHD, Al-Kayon HHK, Majeed SK.
2020. Cases of anomalies in the goldfish Carassius aura-
tus collected from the Southern Marshes of Iraq. Thalassia
Salentina 42:59-74.

Jayo M, Leipold HW, Dennis SM, Eldridge FE. 1987.
Brachygnathia superior and degenerative joint disease: a
new lethal syndrome in Angus calves. Vet Pathol.
24(2):148-155. doi:10.1177/030098588702400208

Jezierska B, Lugowska K, Witeska M. 2009. The effects of
heavy metals on embryonic development of fish (a re-
view). Fish Physiol Biochem. 35(4):625-640. doi:10.1007/
$10695-008-9284-4

Kalter H. 1968. Sporadic congenital malformations of new-
born inbred mice. Teratology 1(2):193-199. doi:10.1002/
tera.1420010208

Karr JR. 1981. Assessment of biotic integrity using fish
communities. Fisheries 6(6):21-27. doi:10.1577/1548-844
6(1981)006<0021:AOBIUF > 2.0.CO;2

Kanazawa A, Teshima S, Inamori S, Iwashita T, Nagao A.
1981. Effects of phospholipids on growth, survival rate,
and incidence of malformation in the larval ayu. Mem
Fac Fish Kagoshima Univ. 30:301-309.

Kathan ], Young M, Fey-Rer E 2020. First record of pug-
head deformity in the threatened Clear Lake hitch. Calif
Fish Wildl. 106:186-190.

Kague E, Roy P, Asselin G, Hu G, Simonet ], Stanley A,
Albertson C, Fisher S. 2016. Osterix/Sp7 limits cranial
bone initiation sites and is required for formation of
sutures. Dev Biol. 413(2):160-172. doi:10.1016/j.yd-
bi0.2016.03.011

Kause A, Ritola O, Paananen T. 2007. Changes in the ex-
pression of genetic characteristics across cohorts in skel-
etal deformations of farmed salmonids. Genet Sel Evol.
39(5):529-543. d0i:10.1186/1297-9686-39-5-529

Kimmel CB, Miller CT, Moens CB. 2001. Specification
and morphogenesis of the zebrafish larval head skele-
ton. Dev Biol. 233(2):239-257. doi:10.1006/
dbio.2001.0201

Klumpp DW, Humphrey C, Huasheng H, Tao E 2002. Toxic
contaminants and their biological effects in coastal waters
of Xiamen, China. II. Biomarkers and embryo malfor-
mation rates as indicators of pollution stress in fish. Mar


https://doi.org/10.1126/science.ns-6.137.243-c
https://doi.org/10.1577/1548-8659(1975)37[229:ARTFFE2.0.CO;2]
https://doi.org/10.1577/1548-8659(1975)37[229:ARTFFE2.0.CO;2]
https://doi.org/10.2331/suisan.24.93
https://doi.org/10.1177/003591570800100810
https://doi.org/10.1577/1548-8640(1985)47<203:ICOJAS > 2.0.CO;2
https://doi.org/10.1577/1548-8640(1985)47<203:ICOJAS > 2.0.CO;2
https://doi.org/10.1577/1548-8659(1965)94[98:PITBPE2.0.CO;2]
https://doi.org/10.1080/00207233.2017.1409978
https://doi.org/10.1080/00207233.2017.1409978
https://doi.org/10.1007/s41208-018-0118-6
https://doi.org/10.1111/jai.12403
https://doi.org/10.1177/030098588702400208
https://doi.org/10.1007/s10695-008-9284-4
https://doi.org/10.1007/s10695-008-9284-4
https://doi.org/10.1002/tera.1420010208
https://doi.org/10.1002/tera.1420010208
https://doi.org/10.1577/1548-8446(1981)006<0021:AOBIUF > 2.0.CO;2
https://doi.org/10.1577/1548-8446(1981)006<0021:AOBIUF > 2.0.CO;2
https://doi.org/10.1016/j.ydbio.2016.03.011
https://doi.org/10.1016/j.ydbio.2016.03.011
https://doi.org/10.1186/1297-9686-39-5-529
https://doi.org/10.1006/dbio.2001.0201
https://doi.org/10.1006/dbio.2001.0201

Pollut Bull. 44(8):761-769.
$0025-326X(02)00054-1

Knauthe K. 1893. Ichthyologische Notizen. Zool Anz.
16:109-110.

Kocan RM, Landolt ML. 1984. Alterations in patterns of
excretion and other metabolic functions in developing
fish embryos exposed to benzo(a)pyrene. Helgol
Meeresunters. 37(1-4):493-504. doi:10.1007/BF01989326

Kocour M, Linhart O, Vandeputte M. 2007. Mouth and fin
deformities in common carp: is there a genetic basis?
Aquaculture 272:5277. doi:10.1016/j.aquacul-
ture.2007.07.107

Komada N. 1980. Incidence of gross malformations and
vertebral anomalities of natural and hatchery Plecoglossus
altivelis. Copeia 1980(1):29-35. d0i:10.2307/1444131

Lall SP, Lewis-McCrea LM. 2007. Role of nutrients in skel-
etal metabolism and pathology in fish - an overview.
Aquaculture 267(1-4):3-19. doi:10.1016/j.aquacul-
ture.2007.02.053

Lang T, Straumer K, Neuhaus H, Heemken O. 2018.
DAIMON Output 4.4.3: List of disease symptoms in fish,
which should be checked for contaminants related to
dumped chemical or conventional munitions. DAIMON
Work Package 4: Management strategies for marine mu-
nitions. Available at: https://www.daimonproject.com/.

Langdon JS. 1987. Spinal curvatures and an encephalot-
ropic myxosporean, Triangula percae sp. nov. (Myxozoa:
Ortholineidae), enzootic in redfin perch, Perca fluvi-
atilis L., in Australia. J Fish Dis. 10(6):425-434. doi:
10.1111/j.1365-2761.1987.tb01093.x

Lawler GH. 1966. Pugheadedness in perch, Perca fla-
vescens, and pike, Esox lucius, of Heming Lake,
Manitoba. J Fish Res Board Can. 23(11):1807-1808. doi:
10.1139/f66-167

Lee-Montero I, Navarro A, Negrin-Bdez D, Zamorano M],
Borrell Pichs YJ, Berbel C, Sdnchez JA, Garcia-Celdran
M, Manchado M, Estévez A, et al. 2015. Genetic param-
eters and genotype-environment interactions for skeleton
deformities and growth traits at different ages on gilthead
seabream (Sparus aurata L.) in four Spanish regions.
Anim Genet. 46(2):164-174. doi:10.1111/age.12258

Leggett WC. 1969. Pugheadedness in landlocked Atlantic
salmon (Salmo salar). J Fish Res Board Can. 26(11):3091-
3093. doi:10.1139/f69-294

Leidy RA. 1985. Pugheadedness in the California roach
Hesperoleucus symmetricus (Baird and Girard). Calif Fish
Game 71:117-122.

Lemly AD. 1993. Teratogenic effects of selenium in natural
populations of freshwater fish. Ecotoxicol Environ Saf.
26(2):181-204. doi:10.1006/eesa.1993.1049

Lemly AD. 1997. A teratogenic deformity index for evalu-
ating impacts of selenium on fish populations. Ecotoxicol
Environ Saf. 37(3):259-266. doi:10.1006/eesa.1997.1554

Leonhardt E. 1906. Uber die Mopskopfbildung bei Abramis
vimba L. Zool Anz. 31:53-60.

Lijalad M, Powell MD. 2009. Effects of lower jaw deformi-
ty on swimming performance and recovery from exhaus-
tive exercise in triploid and diploid Atlantic salmon
Salmo salar. Aquaculture 290(1/2):145-154. do0i:10.1016/j.
aquaculture.2009.01.039

Lilienskiold HH. 1701. Speculum Boreale. Manuscript kept
at the Royal Library, Copenhagen. Published. Published

doi:10.1016/

REVIEWS IN FISHERIES SCIENCE & AQUACULTURE e 21

in 1943-44 as «Lilienskiolds Speculum Boreale. In O.
Solberg, editor. Etnografisk Museum, Nordnorske
Samlinger, 4: 51-337.

Lilljeborg W. 1891. Sveriges och Norges fiskar, andre delen.
Upsala: W. Schultz.

Lindén O. 1979. Biological effects of oil on early develop-
ment of the Baltic herring Clupea harengus membras.
Mar Biol. 45:273-283.

Lindesj66 E, Thulin J. 1992. A skeletal deformity of north-
ern pike (Esox lucius) related to pulp mill effluents. Can
J Fish Aquat Sci. 49(1):166-172. doi:10.1139/{92-020

Longshaw M, Frear P, Feist SW. 2003. Myxobolus buckei sp.
n. (Myxozoa), a new pathogenic parasite from the spinal
column of three cyprinid fishes from the United Kingdom.
Folia Parasit. 50(4):251-262. d0i:10.14411/fp.2003.043

Longwell AC, Chang S, Hebert A, Hughes JB, Perry D.
1992. Pollution and developmental abnormalities of
Atlantic fishes. Environ Biol Fish. 35(1):1-21. do0i:10.1007/
BF00001152

Lopes IG, Arautjo-Dairiki TB, Kojima JT, Val AL, Portella MC.
2018. Predicted 2100 climate scenarios affects growth and
skeletal development of tambaqui (Colossoma macropomum)
larvae. Ecol Evol. 8(20):10039-10048. do0i:10.1002/ece3.4429

Lonnberg E. 1891. Ichthyologische Notizen. Bih Kongl.
Vet-Akad Handl. 17:1V:7:1-12.

Lowne BT. 1893. Descriptive catalogue of the Teratological
Series in the Museum of the Royal College of Surgeons
of England: animal malformations. London: Taylor and
Francis.

Lundbeck J. 1928. Beobachtungen iiber Mifbildungen und
Erkrankungen von Dorschen an der ostpreuflischen
Kiiste. Z Fisch. 26:457-472.

Luther G. 1961. On an apparently specific type of abnor-
mality in the white-spotted shovel-nose ray, Rhynchobatus
djiddensis (Forskal). ] Mar Biol Assoc India 3:198-203.

Lyman H. 1961. A sixteen pound pugheaded striped bass
from Massachusetts. Chesapeake Sci. 2(1/2):101-102.
doi:10.2307/1350729

Macieira RM, Joyeux J-C. 2007. First record of a pughead
Spanish hogfish Bodianus rufus (Linnaeus, 1758). Coral
Reefs 26(3):615-615. doi:10.1007/s00338-007-0229-7

Macleay W. 1886. New fishes from the Upper Murrumbidgee.
Proc Linn Soc N S§ Wales 10:267-269.

Mansueti RJ. 1958. Eggs, larvae and young of the striped
bass, Roccus saxatilis. Md Dep Res Educ Contrib. 112:1-
35.

Mansueti R]. 1960. An unusually large pugheaded striped
bass, Roccus saxatilis, from Chesapeake Bay. Maryland.
Chesapeake Sci. 1(2):111-113. doi:10.2307/1350928

Marlborough D, Meadows BS. 1966. A “pug-headed” perch
(Perca fluviatilis L.) from the River Lea. Lond Nat. 45:98-
99.

Marquard O. 1936. Kopfmifbildungen an Dorschen der
Ostsee. Z Fisch. 34:249-256.

Matsuoka M. 2003. Comparison of meristic variations and
bone abnormalities between wild and laboratory-reared
red sea bream. Jpn Agricult Res Q. 37(1):21-30.
doi:10.6090/jarq.37.21

Mazurais D, Glynatsi N, Darias MJ, Christodoulopoulou S,
Cahu CL, Zambonino-Infante JL, Koumoundouros G.
2009. Optimal levels of dietary vitamin A for reduced
deformity incidence during development of European sea


https://doi.org/10.1016/S0025-326X(02)00054-1
https://doi.org/10.1016/S0025-326X(02)00054-1
https://doi.org/10.1007/BF01989326
https://doi.org/10.1016/j.aquaculture.2007.07.107
https://doi.org/10.1016/j.aquaculture.2007.07.107
https://doi.org/10.2307/1444131
https://doi.org/10.1016/j.aquaculture.2007.02.053
https://doi.org/10.1016/j.aquaculture.2007.02.053
https://www.daimonproject.com/
https://doi.org/10.1111/j.1365-2761.1987.tb01093.x
https://doi.org/10.1139/f66-167
https://doi.org/10.1111/age.12258
https://doi.org/10.1139/f69-294
https://doi.org/10.1006/eesa.1993.1049
https://doi.org/10.1006/eesa.1997.1554
https://doi.org/10.1016/j.aquaculture.2009.01.039
https://doi.org/10.1016/j.aquaculture.2009.01.039
https://doi.org/10.1139/f92-020
https://doi.org/10.14411/fp.2003.043
https://doi.org/10.1007/BF00001152
https://doi.org/10.1007/BF00001152
https://doi.org/10.1002/ece3.4429
https://doi.org/10.2307/1350729
https://doi.org/10.1007/s00338-007-0229-7
https://doi.org/10.2307/1350928
https://doi.org/10.6090/jarq.37.21

22 J.NASLUND

bass larvae (Dicentrarchus labrax) depend on malforma-
tion type. Aquaculture 294(3/4):262-270. doi:10.1016/j.
aquaculture.2009.06.008

McDonald BG, Chapman PM. 2007. Selenium effects: a
weight-of-evidence approach. Integr Environ Assess
Manage. 3(1):129-136. do0i:10.1002/ieam.5630030111

Menzel BW. 1974. A mouthless carp from Texas. Trans Am
Fish Soc. 103(1):142-143. do0i:10.1577/1548-8659(1974)1
03<142:AMCFT > 2.0.CO;2

Mesa MG, Poe TP, Gadomski DM, Petersen JH. 1994. Are
all prey created equal? A review and synthesis of differ-
ential predation on prey in substandard condition. J Fish
Biol. 45(sA):81-96. doi:10.1111/j.1095-8649.1994.tb01085.x

Mesa-Rodriguez A, Hernidndez-Cruz CM, Betancor MB,
Fernandez-Palacios H, Izquierdo MS, Roo J. 2016. Bone
development of the skull, pectoral and pelvic fins in
Seriola rivoliana (Valenciennes, 1833) larvae. Fish
Physiol Biochem. 42(6):1777-1789. do0i:10.1007/
$10695-016-0257-8

Michajlowa L. 1968. Mipbildungen bei einigen
Supwasserfischen (Cyprinidae). Z Fisch. 16:139-153.

Moller H, Anders K. 1992. Epidemiology of fishes in the
Wadden Sea. ICES ] Mar Sci. 49(2):199-208. doi:10.1093/
icesjms/49.2.199

Moore ABM. 2015. Morphological abnormalities in elas-
mobranchs. J Fish Biol. 87(2):465-471. doi:10.1111/
jtb.12680

Morgan RP, Rasin VJ, Copp RL. 1981. Temperature and
salinity effects on development of striped bass eggs and
larvae. Trans Am Fish Soc. 110(1):95-99. do0i:10.157
7/1548-8659(1981)110<95:TASEOD > 2.0.CO;2

Morrow JE. 1951. A striped marlin (Makaira mitsukurii) with-
out a spear. Copeia 1951(4):303-304. doi:10.2307/1438323

Nakamura I. 1977. A pugheaded specimen found among a
school of bluefin tuna, Thunnus thynnus. Jpn J Ichthyol.
23:237-238.

Nankee RL. 1981. Observations of deformed fish larvae in
Long Island Sound and Niantic Bay. Connecticut. Rapp
P-V Reun - Cons Int Explor Mer. 178:355-356.

Nislund J. 2021. Supplement to Niaslund & Jawad -
Pugheadedness in fishes. figshare. doi:10.6084/m19.
figshare.14498133.

Noble A. 1971. Some deformities noticed in the Indian
mackerel, Rastrelliger kanagurta (Cuvier). Indian ] Fish.
18:187-191.

Nystrom E. 1889. Om en monstrds form av Cottus scorpio
Lin. Bih Kongl. Vet-Akad Handl. 14(IV:10):1-10.

Oates AC. 2011. What’s all the noise about developmental
stochasticity? Development 138(4):601-607. doi:10.1242/
dev.059923

Obiekezie AI, MOer H, Anders K. 1988. Diseases of the
African estuarine catfish Chrysichthys nigrodigitatus
(Lacépede) from the Cross River estuary, Nigeria. ] Fish
Biol. 32(2):207-221. doi:10.1111/j.1095-8649.1988.
tb05354.x

Ogino C, Takeda H. 1976. Mineral requirements in fish-III.
Calcium and phosphorous requirements in carp. Bull Jpn
Soc Sci Fish. 42(7):793-799. doi:10.2331/suisan.42.793

Olsson M, Gullberg A, Tegelstrom H. 1996. Malformed
offspring, sibling matings, and selection against inbreed-
ing in the sand lizard (Lacerta agilis). ] Evol Biol.
9(2):229-242. do0i:10.1046/j.1420-9101.1996.9020229.x

Orey S. (photographer). 2017. King cod! Integrative Baltic
Time Series Analysis with RV Alkor Blog. https://www.
oceanblogs.org/baltic-rvalkor/2017/04/23/king-cod/.
Accessed: 2020-09-01

Ornsrud R, Gil L, Waagbe R. 2004. Teratogenicity of ele-
vated egg incubation temperature and egg vitamin A
status in Atlantic salmon, Salmo salar L. J Fish Dis.
27(4):213-223. do0i:10.1111/j.1365-2761.2004.00536.x

Orth D. 2016. What’s a pughead? A rare skeletal anomaly
in fishes. Virginia Tech Ichthyology Class. http://vtichthy-
ology.blogspot.com/2016/02/whats-pughead-rare-skeleta
l-anomaly-in.html. Accessed: 2020-09-01

Paganelli A, Gnazzo V, Acosta H, Lopez SL, Carrasco AE.
2010. Glyphosate-based herbicides produce teratogenic
effects on vertebrates by impairing retinoic acid signaling.
Chem Res Toxicol. 23(10):1586-1595. do0i:10.1021/
tx1001749

Palmas F, Righi T, Musu A, Frongia C, Podda C, Serra M,
Splendiani A, Barucchi VC, Sabatini A. 2020.
Pug-headedness anomaly in a wild and isolated popula-
tion of native Mediterranean trout Salmo trutta L., 1758
complex (Osteichthyes: Salmonidae). Diversity 12(9):353.
doi:10.3390/d12090353

Pappenheim P. 1907. Ein zweiter Fall von Mopskopfigkeit
bei einem Lumpenus lampetraeformis (Walb.) aus der
Apenrader Fohrde. Sitzungsber Ges Naturforsch Freunde
Berlin 1907:349-350.

Parenzan P. 1967. Su un caso di “Colobognatismo” in Pagellus
mormyrus C. V. (Pisces). Thalassia Salentina 2:147-152.
Pastore M, Prato E. 1989. A teratological case in a shark.

Thalassina Salentina 19:87-92.

Patten BG. 1968. Abnormal freshwater fishes in Washington
streams. Copeia 1968(2):399-401. doi:10.2307/1441768
Pickett JE 1979. Pugheadedness in a largemouth bass. N

Y Fish Game J. 26:98-99.

Pinganaud-Perrin G. 1973. Effets de lablation de loeil sur
la morphogenése du chondrocrane et du crane osseux
de Salmo irideus Gib. Acta Zool. 54(3):209-221.
do0i:10.1111/j.1463-6395.1973.tb00456.x

Piotrowski T, Schilling TF, Brand M, Jiang YJ, Heisenberg
CP, Beuchle D, Grandel H, van Eeden FJ, Furutani-Seiki
M, Granato M, et al. 1996. Jaw and branchial arch mu-
tants in zebrafish II: anterior arches and cartilage differ-
entiation. Development 123:345-356. doi:10.1242/
dev.123.1.345

Plunkett SR, Snyder-Conn E. 2000. Anomalies of larval and
juvenile shortnose and Lost River suckers in Upper
Klamath Lake, Oregon. Klamath Falls: US Fish & Wildlife
Service, Klamath Falls Office, pp. 32.

Porta MJ, Snow RA. 2019. First record of pughead defor-
mity in redear sunfish Lepomis microlophus (Giinther,
1859). ] Appl Ichthyol. 35(3):775-778. doi:10.1111/
jai.13904

Rabosky DL, Chang J, Title PO, Cowman PF, Sallan L,
Friedman M, Kaschner K, Garilao C, Near TJ, Coll M,
et al. 2018. An inverse latitudinal gradient in speciation
rate for marine fishes. Nature 559(7714):392-395.
doi:10.1038/s41586-018-0273-1

Richard J. 1912. Monstruosités chez des poisons marins. La
Nature 2029:321-322.

Riehl R, Schmitt P. 1985. The skull in normal and pug-
headed females of the mosquitofish Heterandria formosa


https://doi.org/10.1016/j.aquaculture.2009.06.008
https://doi.org/10.1016/j.aquaculture.2009.06.008
https://doi.org/10.1002/ieam.5630030111
https://doi.org/10.1577/1548-8659(1974)103<142:AMCFT > 2.0.CO;2
https://doi.org/10.1577/1548-8659(1974)103<142:AMCFT > 2.0.CO;2
https://doi.org/10.1111/j.1095-8649.1994.tb01085.x
https://doi.org/10.1007/s10695-016-0257-8
https://doi.org/10.1007/s10695-016-0257-8
https://doi.org/10.1093/icesjms/49.2.199
https://doi.org/10.1093/icesjms/49.2.199
https://doi.org/10.1111/jfb.12680
https://doi.org/10.1111/jfb.12680
https://doi.org/10.1577/1548-8659(1981)110<95:TASEOD > 2.0.CO;2
https://doi.org/10.1577/1548-8659(1981)110<95:TASEOD > 2.0.CO;2
https://doi.org/10.2307/1438323
https://doi.org/10.6084/m19.figshare.14498133
https://doi.org/10.6084/m19.figshare.14498133
https://doi.org/10.1242/dev.059923
https://doi.org/10.1242/dev.059923
https://doi.org/10.1111/j.1095-8649.1988.tb05354.x
https://doi.org/10.1111/j.1095-8649.1988.tb05354.x
https://doi.org/10.2331/suisan.42.793
https://doi.org/10.1046/j.1420-9101.1996.9020229.x
https://www.oceanblogs.org/baltic-rvalkor/2017/04/23/king-cod/
https://www.oceanblogs.org/baltic-rvalkor/2017/04/23/king-cod/
https://doi.org/10.1111/j.1365-2761.2004.00536.x
http://vtichthyology.blogspot.com/2016/02/whats-pughead-rare-skeletal-anomaly-in.html
http://vtichthyology.blogspot.com/2016/02/whats-pughead-rare-skeletal-anomaly-in.html
http://vtichthyology.blogspot.com/2016/02/whats-pughead-rare-skeletal-anomaly-in.html
https://doi.org/10.1021/tx1001749
https://doi.org/10.1021/tx1001749
https://doi.org/10.3390/d12090353
https://doi.org/10.2307/1441768
https://doi.org/10.1111/j.1463-6395.1973.tb00456.x
https://doi.org/10.1242/dev.123.1.345
https://doi.org/10.1242/dev.123.1.345
https://doi.org/10.1111/jai.13904
https://doi.org/10.1111/jai.13904
https://doi.org/10.1038/s41586-018-0273-1

Agassiz, 1853 (Teleostei, Poeciliidae). Gegenbaurs
Morphol Jahrb. 131(2):261-270.

Rolland RM. 2000. A review of chemically-induced alterations
in thyroid and vitamin A status from field studies of wild-
life and fish. ] Wildl Dis. 36(4):615-635. doi:10.7589/0090-3558-
36.4.615

Rondelet G. 1555. Universae aquatilium Historiae pars al-
tera, cum veris ipsorum Imaginibus. Lugduni: Apud
Matthiam Bonhomme.

Roo FJ, Hernindez-Cruz C-M, Socorro J-A,
Fernandez-Palacios H, Izquierdo M-S. 2010. Occurrence
of skeletal deformities and osteological development in
red porgy Pagrus pagrus larvae cultured under different
rearing techniques. J Fish Biol. 77(6):1309-1324.
doi:10.1111/j.1095-8649.2010.02753.x

Rose CD, Harris AH. 1968. Pugheadedness in the spotted
seatrout. Q J Fla Acad Sci. 31:268-270.

Rotarides M. 1941. Missbildungen an Fischen aus dem
Balaton-See. Magy Biol Kutatéintézet Munkai 13:198-201.

Sae-Lim P, Gjerde B, Nielsen HM, Mulder H, Kause A.
2016. A review of genotype-by-environment interaction
and micro-environmental sensitivity in aquaculture
species. Rev Aquacult. 8(4):369-393. doi:10.1111/
raq.12098

Sawada Y, Hattori M, Suzuki R, Miyatake H, Kurata M,
Okada T, Kumai H. 2001. Skeletal anomalies in cultured
flounder, Paralichthys olivaceus, with shortened upper jaw.
Suisanzoshoku 49:451-460.

Sawada Y, Sasaki T, Nishio K, Kurata M, Honryo T, Agawa
Y. 2020. Positive phototaxis as the cause of jaw malfor-
mations in larval greater amberjack, Seriola dumerili
(Risso, 1810): mitigation by rearing in tanks with
low-brightness walls. Aquacult Res. 51(6):2261-2274.
doi:10.1111/are.14571

Sawayama E, Takagi M. 2016. Morphology and parentage
association of shortened upper jaw deformity in
hatchery-produced Japanese flounder, Paralichthys oliva-
ceus (Temminck & Schlegel, 1846). J Appl Ichthyol.
32(3):486-490. doi:10.1111/jai.13056

Scherer MC. 1973. Some skeletal anomalities in American
shad (Alosa sapidissima) with an example of vertebral
curvature in blue-back herring (A. estivalis). Chesapeake
Sci. 14(4):298-300. doi:10.2307/1350763

Schmitt JD, Orth DJ. 2015. First record of pughead defor-
mity in blue catfish. Trans Am Fish Soc. 144(6):1111-
1116. doi:10.1080/00028487.2015.1077159

Schoenebeck JJ, Ostrander EA. 2013. The genetics of canine
skull shape wvariation. Genetics 193(2):317-325.
doi:10.1534/genetics.112.145284

Schwartz FJ. 1973. Spinal and cranial deformities in the
elasmobranchs Carcharhinus leucas, Squalus acanthias, and
Carcharhinus milberti. ] Elisha Mitchell Sci Soc. 89:74-77.

Sfakianakis DG, Renieri E, Kentouri M, Tsatsakis AM. 2015.
Effect of heavy metals on fish larvae deformities: A re-
view. Environ Res. 137:246-255. doi:10.1016/j.en-
vres.2014.12.014

Shariff M, Zainuddin AT, Abdullah H. 1986. Pugheadedness
in bighead carp, Aristichthys nobilis (Richardson). ] Fish
Dis. 9(5):457-460. doi:10.1111/j.1365-2761.1986.tb01039.x

Shimizu H, Takeuchi H. 2002. Bone abnormality of
hatchery-reared bluefin tuna Thunnus orientalis.
Suisanzoshoku 50:71-78.

REVIEWS IN FISHERIES SCIENCE & AQUACULTURE e 23

Shkil FN, Smirnov SV. 2009. Thyroid responsiveness of the
large African barb Labeobarbus intermedius (Teleostei;
Cyprinidae): Individual variability and morphological
consequences. Dokl Biol Sci. 425(1):144-285. doi:10.1134/
50012496609020173

Simon TP, Burskey JL. 2016. Deformity, erosion, lesion, and
tumor occurrence, fluctuating asymmetry, and population
parameters for bluntnose minnow (Pimephales notatus)
as indicators of recovering water quality in a Great Lakes
Area of Concern, USA. Arch Environ Contam Toxicol.
70(2):181-191. doi:10.1007/500244-015-0254-4

Sindermann CJ, Ziskowski JJ, Anderson VT. 1978. A
guide for the recognition of some disease conditions
and abnormalities in marine fish. Sandy Hook Lab
Northeast Fish Cent Nat Mar Fish Serv Tech Rep Ser.
14:1-60.

Slooff W. 1982. Skeletal anomalies in fish from polluted
waters. Aquat Toxicol. 2(3):157-173. doi:10.101
6/0166-445X(82)90013-3

Somasundaram B, King PE, Shackley SE. 1984. Some mor-
phological effects of zinc upon the yolk-sac larvae of
Clupea harengus L. ] Fish Biol. 25(3):333-343.
doi:10.1111/j.1095-8649.1984.tb04880.x

Steindachner F. 1863. Uber das Vorkommen monstroser
Kopfbildungen bei den Karpfen. Verh Kais-Koénigl
Zool-Bot Ges Wien. 13:485-490. pl. XII.

Stejskal V, Matousek J, Sebesta R, Prokesova M, Vanina T,
Podhorec P. 2018. Prevalence of deformities in intensive-
ly reared peled Coregonus peled and comparative mor-
phometry with pond-reared fish. J Fish Dis. 41(2):375-
381. doi:10.1111/jd.12695

Subba BR. 2004. Anomalies in bighead carp Aristichthys
nobilis and African catfish Clarias gariepinus in Biratnagar,
Nepal. Our Nat. 2(1):41-44. doi:10.3126/0n.v2il1.324

Sutton AC. 1913. On an abnormal specimen of Roccus
lineatus with special reference to the position of the eyes.
Anat Rec. 7(6):195-201. doi:10.1002/ar.1090070603

Suzuki K, Kishimoto H, Tanaka Y. 1973. Head deformity
in tunas kept in the aquarium. Jpn J Ichthyol. 20:113-119.

Talbot GB. 1967. Teratological notes on striped bass (Roccus
saxatilis) of San Fransico Bay. Copeia 1967(2):459-461.
doi:10.2307/1442138

Talbot GB, Johnson SI. 1972. Rearing Pacific herring in the
laboratory. Progr Fish-Cult. 34(1):2-7. doi:10.1577/1548-
8640(1972)34[2:RPHITL2.0.CO;2]

Talent LG. 1975. Pugheadedness in the longspine combfish,
Zaniolepis latipinnis, from Monterey Bay, California. Calif
Fish Game 61:160-162.

Templeman W. 1965. Some abnormalities in skates (Raja)
of the Newfoundland area. J Fish Res Board Can.
22(1):237-238. d0i:10.1139/65-023

Tilseth S, Solberg TS, Westrheim K. 1984. Sublethal effects
of the water-soluble fraction of Ekofisk crude oil on the
early larval stages of cod (Gadus morhua L.). Mar Environm
Res. 11(1):1-16. doi:10.1016/0141-1136(84)90007-2

Treasurer JW. 1994. Abnormal skull in goldsinny wrasse,
Ctenolabrus rupestris (L.). Bull Eur Assoc Fish Pathol.
14:139-140.

Tornier G. 1908. Ueber experimentelles Hervorrufen ind
Naturentstehen von Mopskopfen, Cyclopen und anderen
vorgeburtlichen Kopfverbildungen bei Wirbeltieren.
Sitzungsber Ges Naturforsch Freunde Berlin 10:298-315.


https://doi.org/10.7589/0090-3558-36.4.615
https://doi.org/10.7589/0090-3558-36.4.615
https://doi.org/10.1111/j.1095-8649.2010.02753.x
https://doi.org/10.1111/raq.12098
https://doi.org/10.1111/raq.12098
https://doi.org/10.1111/are.14571
https://doi.org/10.1111/jai.13056
https://doi.org/10.2307/1350763
https://doi.org/10.1080/00028487.2015.1077159
https://doi.org/10.1534/genetics.112.145284
https://doi.org/10.1016/j.envres.2014.12.014
https://doi.org/10.1016/j.envres.2014.12.014
https://doi.org/10.1111/j.1365-2761.1986.tb01039.x
https://doi.org/10.1134/S0012496609020173
https://doi.org/10.1134/S0012496609020173
https://doi.org/10.1007/s00244-015-0254-4
https://doi.org/10.1016/0166-445X(82)90013-3
https://doi.org/10.1016/0166-445X(82)90013-3
https://doi.org/10.1111/j.1095-8649.1984.tb04880.x
https://doi.org/10.1111/jfd.12695
https://doi.org/10.3126/on.v2i1.324
https://doi.org/10.1002/ar.1090070603
https://doi.org/10.2307/1442138
https://doi.org/10.1577/1548-
https://doi.org/10.1577/1548-
https://doi.org/10.1139/f65-023
https://doi.org/10.1016/0141-1136(84)90007-2

24 J.NASLUND

van der Gaag MA. 1987. Tests for growth retardation and
pathology in fishes exposed to complex mixtures: expe-
riences on polluted river water In: Vouk VB, Butler GC,
Upton AC, Parke DV, Asher SC, editors. Methods for
assessing the effects of mixtures of chemicals. Chichester:
Wiley (SCOPE); p. 775-794.

van Der Gaag MA, Van De Kerkhoff JE, Van Der Klift HW,
Poels CL. 1983. Toxicological assessment of river water
quality in bioassays with fish. Environ Monit Assess.
3(3/4):247-255. doi:10.1007/BF00396218

van Lidth de Jeude W. 1885. On deformities of the head
in Salmonidae. Notes Leyden Mus. 7:259-261.

Vignet C, Frank RA, Yang C, Wang Z, Shires K, Bree M,
Sullivan C, Norwood WP, Hewitt LM, McMaster ME,
et al. 2019. Long-term effects of an early-life exposure
of fathead minnows to sediments containing bitumen.
Part I: Survival, deformities, and growth. Environ Pollut.
251:246-256. doi:10.1016/j.envpol.2019.05.007

Villeneuve L, Gisbert E, Zambonino-Infante JL, Quazuguel P,
Cahu CL. 2005. Effect of nature of dietary lipids on European
sea bass morphogenesis: implication of retinoid receptors.
Br ] Nutr. 94(6):877-884. doi:10.1079/bjn20051560

Villeneuve LAN, Gisbert E, Moriceau J, Cahu CL,
Zambonino Infante JL. 2006. Intake of high levels of
vitamin A and polyunsaturated fatty acids during differ-
ent developmental periods modifies the expression of
morphogenesis genes in European sea bass (Dicentrarchus
labrax). Br ] Nutr. 95(4):677-687. doi:10.1079/bjn20051668

Westernhagen H. 1970. Erbriitung der Eier von Dorsch
(Gadus morhua), Flunder (Pleuronectes flesus) und
Scholle (Pleuronectes platessa) unter kombinierten

Temperatur- und Salzgehaltsbedingungen. Helgol Wiss
Meeresunters. 21(1-2):21-102. doi:10.1007/BF01630518

von Westernhagen H. 1988. Sublethal effects of pollutants
on fish eggs and larvae In: Hoar WS, Randall DJ, editors.
Fish Physiology, the physiology of developing fish - eggs
and larvae. San Diego, CA: Academic Press, Inc., Vol.
11A; pp. 253-346.

Warlen SM. 1969. Additional records of pugheaded Atlantic
menhaden. Brevoortia tyrannus. Chesapeake Sci.10(1):67-
68. doi:10.2307/1351218

Whitney RR. 1961. The bairdiella, Bairdiella icistius (Jordan
and Gilbert). Calif Dep Fish Game Fish Bull. 113:105-151.

Wiinnemann H, Bergmann SM, Eskens U, Scharbert A,
Hundt M, Lierz M. 2017. First report of a cystic mal-
formation on the upper jaw of hatchery-reared allis shad
Alosa alosa. ] Fish Dis. 40(1):1-10. doi:10.1111/jfd.12488

Wyman J. 1849. On two malformed cods’ skulls. Proc
Boston Soc Nat Hist. 3:178-179.

Yadegari M, Raissy M, Ansari M. 2011. A radiographical
study on skeletal deformities in cultured rainbow trout
(Oncorhynchus mykiss) in Iran. Glob Vet. 7:601-604.

Young MW. 1929. Marine fauna of the Chatham Islands.
Trans Proc N Z Inst. 60:136-166.

Yung E. 1901. Note sur un cas de monstruosité de la téte
chez une truite. Rev Suisse Zool Genéve 9:315-323.
Ziskowski JJ, Despres-Patanjo L, Murchelano RA, Howe AB,
Ralph D, Atran S. 1987. Disease in commercially valuable
fish stocks in the Northwest Atlantic. Mar Pollut

Bull.18(9):496-504. doi:10.1016/0025-326X(87)90361-4

Zuber P. 2020. Sander lucioperca. BioLib Biological Library.

https://www.biolib.cz/en/image/id69661/.


https://doi.org/10.1007/BF00396218
https://doi.org/10.1016/j.envpol.2019.05.007
https://doi.org/10.1079/bjn20051560
https://doi.org/10.1079/bjn20051668
https://doi.org/10.1007/BF01630518
https://doi.org/10.2307/1351218
https://doi.org/10.1111/jfd.12488
https://doi.org/10.1016/0025-326X(87)90361-4
https://www.biolib.cz/en/image/id69661/
https://www.researchgate.net/publication/353821513

	Pugheadedness in Fishes
	ABSTRACT
	Introduction
	Historical notes
	Description of the deformity
	Causation
	Genetic causation
	Environmental causation

	Incidence
	Proximate performance implications
	Ultimate performance implications
	Which species are affected?
	Discussion
	Terminology
	Notes from the literature search
	Acknowledgments
	References



