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Abstract

Jawab L.A., AHYONG S.T. & Hosie A., 2008 — Malformation of the triplefin Grahamina ca-
pito (Jenyns, 1842) (Pisces: Tripterygiidae) from New Zaland. Ann. Mus. civ. St. nat. Fer-
rara, 9/10 (2006/07): 89-97.

Malformation in the lateral line scales and ambicolouration are reported in the trip-
terygiid fish Grahamina capito collected from Bluff and Stewart Island, New Zealand.
Severe damage to lateral line scales no. 9, 10 and 11 were observed and described. The
Siamese scale condition was observed in scale no. 10. Different degrees of ambicolou-
ration were observed in several G. capito specimens. White patches were present on
both sides of the body. Genetic and epigenetic causes may be implicated in these ano-
malies.

Key words: Abnormality, lateral line, scales, ambicolouration, Grahamina capito, New
Zealand.

Introduction to directly affect sense reception, which
may disrupt schooling behaviour, preda-
Morphological deformities in fish  tor avoidance, feeding, social communi-
have been widely described and re- cation (PARTRIDGE & PITCHER, 1980; BLECK-
viewed (JAwAD & Hosig, 2007, JawAaD &  MANN, 1986) and possibly survivorship.
OKTONER, 2007). Abnormalites in the lat- Colour abnormalities in fishes are of
eral line of fish, however, have received  three types: ambicolouration, albinism,
little scientific attention (DAawson, 1964,  and xanthochroism. Albinism is a com-
1966, 1971; DAWSON & HEeAL, 1971). plete lack of pigmentation. Xanthochro-
Incidence of malformation of the lat- ism is a rare condition in which the
eral line is relatively common in captive ~ melanophores are missing, though other
bred fish (CarriLLO et al., 2001), but rare ~ pigment is present, typically producing a
in the wild (DivanacH et al., 1996). golden-orange colour (CoLmAN, 1972).
In fish, the mechanoreceptor neuro- Ambicolouration is partial pigmentation
mast cells, the major receptors for exter- ~ on certain areas of the body. Most re-
nal vibrational and gravitational stimuli ~ ports of these colour abnormalities have
are associated with the lateral line sys-  been for various flatfish species (e.g.,
tem (BLECKMANN, 1986). Thus, malforma- DaAwsoNn, 1962, WHITE & Hoss, 1964, TAYLOR
tions of the lateral line will be expected et al., 1973, GARTNER, 1986, DIAz DE ASTAR-

89

o



annali 9/10 2008 24-09-2008 14:12 Pagina 90 $

Laith A. Jawad*, Shane T. Ahyong & Andrew Hosie

LOA, 1995, VENIZELOS & BENETTI, 1999, BOLK-
ER & HiLL, 2000, CHAVES et al., 2002, Pur-
CHASE et al., 2002, MACIEIRA et al., 2006).

Reports of ambicolouration in fishes
are few (DAawsoN, 1962, Mok, 1963, Her-
NANDEZ & SiNovcic, 1987), being rare for
wild populations of teleosts (ARCHEY,
1924, NormaN, 1934, CoLMAN, 1972).
There are no reports of lateral line de-
formities in New Zealand fish. Thus, the
present report is the first for the region
and an additional record of incidence in
wild-caught adult triplefins (Grahamnia
capito (Jenyns, 1842)) showing lateral
line deformity and partial absence of
pigmentation.

Species of Grahamina inhabit shel-
tered rocky pools with weed or shell bot-
tom. In New Zealand, G. capito ranges
from Cape Reigna to the Snares Islands
(FrRANCIS, 1996). It has a specific coloura-
tion pattern that differs from the other
Grahamina species. Mottled dark green
colour covering the head and body with
a series of light markings along the back;
the dorsal fins and tail have several
oblique rows of brown or black dots; the
anal fin is pink or orange with white
margins (FrRancis, 1960). Grahamina capi-
to can also be separated from the re-
maining congeners by the following
combination of morphological charac-
ters: snout profile sloping, concave or
(rarely) steep; the relative positions of
the premaxilla and orbit such that a line
drawn through tip of premaxilla across
ventral margin of orbit crosses the pre-
operculum or touches its dorsal extremi-
ty; nape naked or with superficial or em-
bedded cycloid scales; no groove in front
of first dorsal fin, although medial sen-
sory pore may sit at base of depression
(CLemENTs et al., 2000). Grahamina capito
has a long spawning period (4 months)
peaking in August (AyLING & Cox, 1987)
during which the male defends the nest.
Nesting males can reach 120 mm (Hick-
FORD & ScHIEL, 2003, WELLENREUTHER &
CLEMENTS, 2007). Larvae are usually found
from early spring until late summer, with
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increased abundance in mid-spring and
mid-summer. They are less abundant
close to shore, but they are abundant in
localities parallel to the shore (HickrForD
& ScHIEL, 2003).

Materials and Methods

One female G. capito (age 2%) with
lateral line malformation was collected
on 16 February 2006 near Bluff, New
Zealand (station 2BLU 151) (Fig. 1) by NI-
WA (National Institute of Water and At-
mospheric Research, New Zealand) as
part of a biosecurity survey of Bluff Har-
bour and surrounds. It was collected by
small traps and is preserved in the NIWA
biosecurity collection (MITS 4098). The
specimen measures 64 mm in total
length and 52 mm in standard length.
Age was determined from scales viewed
under light microscope. Body lateral line
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Figure 1. Map of New Zealand showing
the sampling areas.
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abnormality was assessed by determin-
ing the total number and distribution of
scales on both sides of the fish. The body
lateral line was divided into three sectors
spanning 5-8 scales. The length of each
sector (S;j) is measured to the nearest 1
mm. The scale density (D;) for any given
sector, i, along the body lateral line was
quantified by the following equation:

D= n/R Sj

Where n represents the number of
scales in sector | and RS; the relative
length of sector | expressed as a percent-
age of the total lateral line length, ac-
cording to the following equation:

R'Sj = (S; /™ S;) x 100

Where §; is the length of sector |
(mm) and (™ §;) represents the sum of
all sectors in the lateral line (mm). The
specimen was radiographed with soft X-
rays to verify any potential correlation
between body lateral line abnormality
and osteological malformations. Sector |,
snout to the anterior end of the 2™ dor-
sal fin; sector II, anterior end of 2™ dorsal
fin to the mid-point of 2" dorsal fin; and
sector Ill, mid-point of 2™ dorsal fin to
the posterior end of 2™ dorsal fin.

Six male G. capito (age 2%, TL 72-94
mm, SL 60-82 mm) showing ambi-
colouration were collected on 16 No-

vember 2006 near Stewart Island, New
Zealand (stations STW216, STW217). The
specimens were collected by NIWA as
part of a baseline survey of Stewart Is-
land waters. Specimens with breeding
and non-breeding colouration (TL
59-93mm) were obtained from stations
GIS004, STWO037 for comparison. Male G.
capito usually exhibit dark colouration
during the breeding season, which is en-
tirely different from the non-breeding
colouration (WELLENREUTHER & CLEMENTS,
2007).

Results

The lateral line of normal G. capito is
continuous and relatively straight, with
no dorsoventral curvature (JAwAD,
2005a). It is distinguishable as a line with
tubes starting behind the operculum and
running an average of 51.9% SL, along
the middle of the flank, and ending at
the posterior end of the second dorsal
fin. On the abnormal side, the lateral
line extends over 39.42% of the SL (Fig-
ure 2a). On this side, the lateral line loses
continuity between scale 10 and 11 with
a small intervening gap indicating miss-
ing scales at sector Il. The distribution of
scales by sector and total number in the
lateral line system were different when
on either side of the specimen (Table 1).
The abnormal side had a lower scale

Abnormal side Normal side

Mean body lateral line scales number 5.33 6.33
Scale number range 5-6 5-8
Density

Sector | 0.29 0.39
Sector 1l 0.12 0.17
Sector Il 0.15 0.15
Abnormal scales P NP
Lateral line scales missing 3 0

Table 1. Main lateral line features of triplefin, Grahamina capito considering on abnormal

and normal sides. P=present, NP= not present.
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density than the normal side 0.15-0.29
versus 0.15-0.39 (Table I). The longest
sector observed was sector Il where both
abnormal and normal sides had the
highest number of scales. The density in
sector Il was the same on both sides
(Table 1). X-ray examination revealed no
osteological malformations of the spinal
column in the region of the lateral line
abnormalities (irregular trajectory, missing
portion). The scales around the affected
area of the lateral line, however, exhibit
various abnormalities, as do the scales ad-
joining the lateral line (Figure 2b).

Scales number 9, 10, and 11 showed
severe abnormalities (Figure 3a-i). Scale
number 9 (Figure 3d) has an irregular
shape with a deformed rostral and cau-
dal end, and ventrally directed lateral
line canal. Both number and position of
ctenii in this scale were abnormal. The
ctenii in the lateral line scales of this
species usually fall into one group, form-
ing a straight line (Jawab, 2005a). Only
few ctenii are present on scale 9 and
they were widely separated. The rostral
end of this scale was an incomplete oval
in outline with clear damage to its dorsal
side. Scale number 10 (Figure 3e) was di-
rected ventrally instead of posteriorly as
the case in normal lateral line scales. The
deformity in this scale is interesting as
the scale exhibits the “Siamese scales”
condition (Jawap, 2007), in which two
scales are fused at their rostral ends.
Though the dorsal side is normal, the
ventral side of the rostral end of this
scale is bipartite as if two scales were
joined together. Both rostral and caudal
ends were severely deformed in scale
number 11 (Figure 3f). The lateral line
canal was completely deformed, all
ctenii on the caudal end were absent,
and only half of the rostral end was
present. The scale immediately dorsal to
scale 11 (Figure 3g) had both rostral and
caudal ends deformed, the caudal end
being rounded instead of straight. In ad-
dition, the ctenii of the caudal end are
rotated dorsally 90° so that its ctenii are
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directed dorsally. The scales beyond scale
number 11 appeared normal (Figure
3h,i).

The six specimens with ambicoloura-
tion differ in the distribution of the ar-
eas devoid of pigmentation (Figures 4
and 5). They are compared with the nor-
mal breeding and non-breeding coloured
specimens (Figure 2a, b). The head, the
side of the body, and the abdomen were
the areas with no pigmentation. All
specimens show an affected lateral side
(left or right), while only three have an
affected head area (Figure 4c, d; Figure
5¢), and two have an affected abdomen
(Figure 4c, d). In the head region, the
ventral side and the operculum lack pig-
mentation. Another specimen (Figure 4c)
shows a broad white band extending
dorsoventrally between the posterior
edge of the eye and the anterior edge of
operculum. Ambicoloured areas are
present on both left and right sides of
the body. On the left side, one specimen
is completely white except for large spot
of melanin at the centre and on the
nape (Figure 4c). This specimen is unusu-
al in that it illustrates a discontinuity be-
tween two distinct areas of anomalous
pigmentation. The remaining specimens
show variation in the position of the un-
pigmented areas (Figure 5). They range
from the area under the pectoral fin to
the middle-base of the 2™ dorsal fin, to
the beginning of the base of the 3 dor-
sal fin, to the base of the caudal fin, in
the area between the anterior end of
the 2" dorsal fin to the middle base of
3 dorsal fin, and at the posterior part of
the 2™ dorsal fin. Three specimens have
no pigmented areas on their right lateral
side, one of which has a completely
white side except for a dark patch pres-
ent at the posterior end of the 2™ dorsal
fin base, at the base of the 3* dorsal fin,
and dorsal side of caudal peduncle. On
the remaining two specimens, unpig-
mented areas are present at the base of
pectoral fin, posterior end of the 2™ dor-
sal fin, and the base of caudal fin.
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Figure 2. A. Grahamina capito (64 mm
TL)(MITS# 4098) with a deformed lateral
line; B. Close up deformed lateral line
area.
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Figure 3. Lateral line scales of Grahamina
capito. A. Scale no.2 (normal); B. Scale no.3
(normal); Scale no.7 (normal; D. Scale no.9
(abnormal); E. Scale no.10 (abnormal); F.
Scale no. 11 (abnormal); G. Scale above
scale no.11 (abnormal); H. scale no.12 (nor-
mal); |. Scale no. 14 (normal).

Figure 4. Grahamina capito, A. Non-breed-
ing colouration (93 mm TL) ( MITS # 389);
B. Breeding colouration (63 mm TL) (MITS
# 19566); C. Ambicolouration (72 mm TL)
(MITS #17650); D. Ambicolouration (76 mm
TL) ( MITS # 17650).
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Figure 5. Grahamina capito showing ambi-
colouration. A. 82 mm TL, MITS # 17650; B.
94 mm TL, MITS # 17650; C. 74 mm TL,
MITS # 17642; D. 85 mm TL, MITS # 17642.
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Discussion

The density of the scales in any sector
will be directly affected by any changes
in the length of the lateral line. To date,
there are no similar studies of other
tripterygiid or related families. Thus, the
present result is the first for Tripterygi-
idae and further studies are required for
comparison with other teleosts. In the
gillhead bream, Sparus aurata Linnaeus,
1758 (Sparidae), the highest density of
the scales is near the caudal region (Car-
RiLLO et al., 2001). The results of the pres-
ent work showed a reverse distribution
of the scale density for the normal side
where the highest density is present
close to the head. This scale distribution
was not present on the left side owing
to the malformation of the lateral line
and associated scales. Centres of high
scale density, however, might be phylo-
genetically correlated, accounting for
the differences between the present re-
sults and those of CarriLLO et al. (2001).

Lateral line malformation and scale
deformity has been attributed to several
factors. The classical works of Porvici
(1930), Porov (1931), and GeYer (1940)
suggested that such anomalies are the
result of irregular scalation, mechanical
dysfunction in ontogeny, nervous system
dysfunction, and environmental factors.
Kozikowska (1960) and WHITFIELD et al.
(1996) suggested that genetic mutations
that affect the development of the later-
al line produce such anomalies. Two ge-
netic mutations were found to be re-
sponsible lateral line defects in ze-
brafish, Danio rerio (see WHITFIELD et al.,
1996).

Of the several cases of scale deformity
observed in the present study, the most
interesting case is the Siamese scale de-
formity of scale number 10. Similar cases
have been reported for other teleosts
(Jawab, 2005b, 2007). With respect to the
Siamese scales described in the present
work, it is plausible that the two scales
were fused to form a common layer late
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in development owing to some develop-
ment irregularity, probably caused by ar-
rested growth initiated by several envi-
ronmental or genetic factors. Despite
the fusion, development of the orna-
mentation of the two scales has pro-
ceeded in a normal way. Four primary
agents are considered responsible for
scale abnormality: genetic disorder, dis-
ease, physical and chemical environmen-
tal variables (CorraALEs et al., 2000). At
present, too few data are available to
speculate on the likely causes of the
present cases of scale abnormality.
Ambicolouration in fishes is the result
of several factors. Mot (1963) and CoL-
MAN (1972) suggest that pigment differ-
ence is associated with wounds or bites
received from other fish. HERNANDEZ &
Sinovcic (1987) related ambicolouration
to genetic factors such as mutation.
SEIKAI (1992) and SeikAl & MATSUMOTO
(1994) ascribe the case of ambicoloura-
tion to the local tissue environment.
Kanazawa (1993) proposed that deficien-
cies in diet may lead indirectly to
melanophore differentiation. ARITAKI &
SEIKAI (2004) suggested that increasing
water temperature during the larval de-
velopment has a direct affect on the de-
velopment of skin pigmentation and on
the scale asymmetry. Okaba (2005) con-
cluded that thyroid hormone might
cause ambicolouration in fish. Finally,
BEN Souissi et al. (2007) suspected pollu-
tion, mainly heavy metals, as a factor be-
hind partial loss of pigmentation in fish.
Wounds and bites as an agent for am-
bicolouration in Grahamina capito are
unlikely as the specimens show no such
injuries. Variations in water temperature
were recorded in waters around Stewart
Island. The mean variation of 0.8-2.2 °C
was recorded between 1996 and 2003. In
2004, where the ambicolourated fishes
in question were collected, mean varia-
tion in water temperature was 5.2 °C
(Chris Jenkins, Environment Southland,
personal communication). Such a large
variation might be implicated on the de-
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velopment and distribution of pigment
in fish skin (ArITAKI & Seikal, 2004). As for
heavy metals, a record of high levels of
these metals in both sediment (NIELsON &
NATHAN, 1975) and marine organisms
(FRew et al., 1997) present in the vicinity
of Stewart Island. More recently, Mor-
RISEY et al. (2000) reported elevated lev-
els of heavy metals in the sediments at
different sites around Stewart Island and
Love et al., (2003) reported elevated lev-
els of heavy metals in several commercial
fish species obtained from waters
around New Zealand. Nothing is known
about the concentrations of heavy met-
als in the diet of G. capito, and should
be investigated as a possible cause for
ambicolouration. On the other hand, the
effect of elevated surface water temper-
ature on development is another aspect,
in addition to possible heavy metal ef-
fects, that should be considered in inves-
tigating the causes of ambicolouration
in fishes. Nothing is known of the specif-
ic diet or environmental stressors affect-
ing the sampled population of G. capito.
Clearly, more detailed investigation is re-
quired to determine the cause of ambi-
colouration observed here, but the pres-
ent records are nevertheless significant
owing to the rarity of the phenomenon
in wild populations.
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