Thalassia Salentina
Thalassia Sal. 41 (2019), 137-146
ISSN 0563-3745, e-ISSN 1591-0725

DOI'10.1285/i15910725v41p137
http: siba-ese.unisalento.it - © 2019 Universita del Salento

UMUT UYAN', LAITH A. JAWAD?*, HALIT FILIZ?,
ALI SERHAN TARKAN? 4, MURAT CELIK®

! Department of Marine Biology, Pukyong National University,
(48513) 45, Yongso-ro, Nam-Gu, Busan, Korea
2 Flat Bush, Manukau, Auckland 2016, New Zealand
*Faculty of Fisheries, Mugla Sitki Kogman University, 48000, Kétekli, Mugla, Turkey
* Department of Ecology and Vertebrate Zoology, Faculty of Biology and Environmental
Protection, University of L6dz, 12/16 Banacha Str., 90-237 tédz, Poland
> Department of Marine Biosciences, Tokyo University of Marine Science and Technology,
108-8477 Tokyo, Japan
*corresponding author: laith_jawad@hotmail.com

FISH LENGTH AND OTOLITH SIZE OF IN NEMIPTERUS
RANDALLI RUSSELL, 1986 (ACTINOPTERYGII: PERCIFORMES:
NEMIPTERIDAE) COLLECTED FROM GOKOVA BAY, TURKEY

SUMMARY

Otoliths have been proved an appropriate tool to identify fish species, and they
have been in use in studies of prey-predator relationships, population dynam-
ics and ichthyo-archaeology. In addition, the fish otoliths are frequently used
to decide age and size of the teleost fishes. The relationships between otolith
measurements (length, width, and weight) and fish length and weight were
calculated for Randall’s threadfin bream, Nemipterus randalli collected from
Gokova Bay, Turkey. Otolith length, width and weight were shown to be good
indicators of the length of fish, but the best indicator was the otolith length.
Sizes of the left and right otoliths were found not be significantly different.

INTRODUCTION

The rate of consumption in predators, the biomass of the prey consumed,
and selectivity of a predator towards a particular size class of prey are groups
of biological and ecological information frequently applied in the feeding
studies. To achieve such task, the original size of the ingested prey needs to
be assessed. The size of the otolith measurements is utilised to rebuild the
prey body size by linking the correlation between otolith length and fish size
(BATTAGLIA et al., 2015).
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The supposed proportionality between the growth in otolith and fish body
growth (Maceina and Sammons, 2006) was among the major examination
measures for the purpose of reconstructing individual growth history, which
is well recognized and has noteworthy prospective for the previous analysis
of environmental effects on growth forms in populations (Maceina and Sam-
MONS, 2006). Implication on the relationships between ecological causes and
past growth in populations can be useful for inferring how populations will
respond to the environmental variations in the future. Different computable
methods for describing this relationship have been assessed for their back-
calculation of length-stage, but the application may be limited in some cases
by the non-existence of procedural control for individual species (MACEINA
and Sammons, 2006).

Randall’s threadfin bream (Nemipterus randalli Russell 1986) is a marine,
demersal and non-migratory fish species living down to 450 m and preferring
benthic habitats (Sommer et al., 1996). Maximum length for the species was
given inCIESM Atlas of Exotic Species in the Mediterranean as 30 cm (SOMMER
et al., 1996), but the typical length is 160 mm (RusseL, 1990). This species is
distributed in the W Indian Ocean from the Red Sea to Arabian Sea.

In the Mediterranean Sea, the first report of the presence of N. randalli
was the misidentified specimen of the Japanese threadfin bream Nemipterus
japonicus (Bloch 1791). That specimen was collected off the northern Israeli
coast (Gorant and SoNIN, 2006). Afterward, it was recorded off Lebanon (LELL
et al., 2008), the Mediterranean coast of Syria (Al et al., 2013). In the Turk-
ish waters of the eastern Mediterranean Sea, this species has been reported
from several places, from Iskenderun Bay (ERGUDEN et al., 2009), from Antalya
Bay (GokocLu et al. 2009), from the south-eastern Aegean Sea (GuLsaHIN and
Kara, 2013).

The present study aims to estimate the relationship between otolith sizes
(length and width) and weight with the total fish length and weight in Ran-
dall’s threadfin bream collected from Gokova Bay, Turkey. These data are
valuable to researchers studying food habits of predator species, to establish
the size of prey from the length of regained otoliths.

MATERIAL AND METHODS
Fish and otolith collection and measurements
A total of 322 N. randalli collected between May 2015 and April 2016 by

fishnet and longline in addition to samples obtained from Akyaka Fisheries
Cooperative located on Gokova Bay. The collected specimens were trans-
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ported in ice instantly to the laboratory. Fishes were identified according to
Russell (1990) and measured to the nearest 0.1 cm total length (TL) using
digital callipers sensitive to 0.1 mm and nearest 0.001 g total weight (W).
Otoliths (sagittae) were removed from both sides of the fish head, cleaned
and stored dry in vials. Otolith major axis (length OL) and minor axis (width
OWi) were measured to the nearest 0.1 mm using a dissection microscope
provided with a micrometre eyepiece (micrometric ocular, + 10 pm) with x1
magnification) (Fig. 1). The weight of otolith (OW) was obtained using Sarto-
rius Quintix 224-1S digital balance (+ 0.0001 g).

Data analyses statistics

The relationships between otolith length, width weight, and total fish
length were calculated using the following formula:

Y= a Xb where Y= morphological characters, X= total fish length, a and
b= constants. According to the law of the allometry, “b” would take a value
close to 1. To test this value, Student test “t” was used. The maximum coef-
ficient of determination (R?) was selected to define the concerned mentioned
relationships. Alterations among coefficients of regressions created discretely
for right and left otoliths were verified by analysis of covariance (ANCOVA)
(ZAR, 1999). In case of equation coefficients did not agree statistically, a sin-
gle regression was counted for each factor using the mean of right and left
otolith measurements. An ANOVA F-test was used to check the significance
of the slope of the regression (testing the null hypothesis HO: b=0). The al-
lometry was assessed by checking the significance of the allometric coef-
ficient “b” (b=1, b<1 and b>1 for isometry, negative allometry and positive
allometry respectively) that used as a ration for the strength of differential
increase in the morphological traits comparable to an exact reference length
(VAN SNIK et al., 1997). The regression equations between the total length and
otolith length, total length and otolith width, total length and otolith weight
were considered with the Excel programme using power equation with best
fit trend line and R?.

RESULTS

The average fish total length was 16.5 £ 0.1 cm (10.6~21.9 cm), and the
average fish weight was 66.9 = 1.5 gr (14.9~150.9 g). The average otolith
length OL range was 6.6 + 0.05 cm (4.3~8.5 cm), otolith width OWi 4.4 +
0.03 ¢cm (3.0~5.5 cm) and otolith weight W was 0.3 + 0.001 g (0.013~0.07
g). As no significant differences (t-test for paired comparisons, p<0.05) were
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found between left and right otolith length, width and weight data, only the
left sagittae measurements and weight were used for determining the rela-
tionship between fish size and otolith size and weight.

The relationships between the three parameters of the otolith, length,
width, and weight and the two parameters of the fish, total length, and total
weight were calculated. The values of a and b of these formulae are given in
Table 1. The highest value of b was observed for the fish total weight W vs
otolith width Wi (3.3), and the lowest value is observed for fish total weight
W vs Otolith wright W (0.01).

Positive allometry was noticed in the TL vs OW, OW vs OL and OW vs OWi
relationships, while negative allometry was observed for TL vs OL, TL vs OWi
and OWi vs OL, W vs OL, W vs OWi and W vs OW relationships. The values
of correlations obtained from the nine relationships were higher than 0.8. The
highest correlation values (0.93) was observed in OW vs OL relationship. The
lowest correlation value (0.82) was observed in W vs OW relationship (Table
1). Although otolith length, width, and weight gave the best estimations for both
fish total length and weight, however, the otolith length was the best.

DISCUSSION

Among the characters that separate species and populations of fishes are the
surface morphology of the otolith and the relationships between size and
weight of the fish and otolith length, width and weight. These relationships
can be utilised to assess the fish size and biomass in food and feeding stud-
ies (Hussy et al., 2012). Few studies on these biological features in the fishes
of Turkish waters were on record (Bostanci, 2009; KasapoGLu and DUzGUNES,
2013). There is no work published for N. randalli in the Turkish waters except
for that of INNAL et al. (2015).

It is common in the fisheries studies to use otolith length, width, and
weight as variables for evaluating fish size (BATtacLiA et al., 2015). The present
study puts forward the equations based on otolith length, width dimensions
and otolith weight in relation to the fish total length of Randall’s threadfin
bream from Gokova Bay for the first time and the Turkish marine waters for
the 2" time. Therefore, the comparison was made in the present study for the
values of b and R? with the results of INNaAL et al. (2015) only.

The present study evaluated the somatic relationship with otolith length,
width, and weight, which is expected to show more accurate assumptions.
The present study indicated a strong correlation between otolith length,
width, and weight and fish total length and weight. Many researchers report-
ed similar relationships between otolith and somatic measurements (MeTiN
and likyaz, 2008; JawaD et al., 2011).
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Otolith length was found to be the best for deducing fish length for N.
randalli. There is no significant difference between the right and left otolith
indicated that these are mirror images of each other (Hunt, 1979). Harvey et
al. (2000) and WaEssLE et al. (2003) confirmed the similarity of right and left
otolith in Lutjanus benghalensis. Similarly, Jawap et al. (2011) showed the
same results on Lutjanus benghalensis from Omani waters. The relationships
between otolith length, width, and weight with the fish body proportions
are related to the growth rate of the fish (Muciva and Tanaka, 1992), and
this relationship became curvilinear in some larval or juvenile fishes (WEest
and LarkiN, 1987), such curvilinearity was observed in the present study, but
not in the previous similar studies on fishes from Oman (Jawap et al. 2011).
HArVEY et al. (2000) and WaEssLE et al. (2003) and BattacLia et al. (2015) have
suggested that there is a possibility of getting error in the final results of the
relationship between otolith dimensions and fish size due to changes in this
relationship during the life history of the fish and as the fish length changes
(HARe and CoweN, 1995).

The results of INNAL et al. (2015) have shown that the OL vs TL and OW vs
TL relationship of N. randalli from Antalya Gulf, Turkey have coefficients of
determination R? values 0.74 and 0.87 respectively. Although the values of R?
obtained by INNAL et al. (2015) are reasonably high, they are less than those
obtained for the same species from Gokova Bay, Turkey given in the present
study. Such differences can be ascribed to various factors; among these are
differences in measuring due to the personal handling of the specimens per-
formed in both studies and the differences in the living habitats (KasapocLu
and Duzcunes, 2012). Similar differences were detected in studies of Bostanci
(2009) and KasapocLu and Duzcunes (2012). The otolith measurements of the
same species occurring in different locations may vary according to habitat
and water quality. The formation of the otolith during early development of
fish is specific to species and also depends on environmental factors such as
temperature and oxygen concentration (BALon, 1981). Investigation of these
parameters may assist predictable otolith interpretation processes and pro-
pose additional research to accurately document otolith size relationships
for these and other species (Munk and Smikrub, 2002). Therefore, the present
study reveals that the relationship between otolith length, width, and weight
for the same species can vary according to region and practice used.

The other factor that may affect the differences in the otolith size and
weight and fish length and weight is the sex of the specimens. Such factor
was observed in several studies on several fish species (Munpy et al., 2004;
TARKAN et al., 2007; Bostanc et al., 2012). This inconsistency seems to be
related to changes in somatic growth between males and females. VALLISNERI
et al. (2008) stated that if otolith and somatic growth were close to each
other, the difference in otolith size between females and males, correspond-
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ing to differences in somatic size would be expected. But otolith and somatic
growth are not always tightly run together coupled as otoliths proceed to
grow in the absence or slowing of somatic growth (Munpy et al., 2004). Such
an effect will produce larger otoliths for slower growing specimens (FRANCIS
et al., 1993). Therefore, different equations should be used for females and
males. In spite of all data fitted well with the regression model, it is advisable
to use these equations within the fish size range limits given in this study for
this species. The regressions from this study can be useful for investigators
examining food habits of predators of species in question. In our research,
sexes were mixed and also in the samples of INNAL et al. (2015). Therefore,
the differences in the otolith sizes and weight with the fish length and weight
can be explained on this bases.

Since N. randalli being a dominant species in the benthic environment
and feeding on small benthic fishes, the assessment of specific relationships
would be very much useful to assess the size of preys during the food and
feeding studies. This study expected to give an improved thoughtful in the
trophic relationship in the Gokova Bay food web by the rebuilding of the
prey size using the otolith dimensions and weight. It also will be valuable in
the paleontological studies. Such numerical relations to predict fish size from
the otolith size and weight need to be established for more species, to en-
hance the studies and understand the trophic relationship between the fishes
from the Turkish waters, quite renowned for its rich fish diversity.

Otolith may have been subjected to chemical and mechanical abrasion
while they are in the stomach of the predator. Such adverse environment
could lead to underestimating of otolith size or weight (GRANADEIRO and Sitva,
2000). The strongly correlated relationship of total length of the fish and oto-
lith length was inspected, and the study resolved that this equation can be
used to calculate the prey size for trophic dynamics studies. BatTacLia et al.,
(2015) have recommended that such equation is appropriate within the size
ranges used in this study for accurate estimations. On the other hand, Hare
and CoweN (1995) has given a set of restrictions in envisaging the prey size
of even the same species using the regression equations. These limitations
are the geographical areas, stocks, populations, sexes, ontogenic changes in
the life history.

ACKNOWLEDGEMENTS

The authors are grateful for Mugla Sitki Kogman University Scientific Re-
search, Turkey for providing the research fund (BAP 15/053)

142



REFERENCES

ALl M., SaaD A., ReyNnaup C., Capapt C., 2013- First records of Randall’s threadfin Ne-
mipterus randalli (Osteichthyes: Nemipteridae) off the Syrian coast (Eastern Medi-
terranaean). Annals Ser History Naturale, 23: 119.

Baton E. K., 1981- Saltatory processes and altricial to precocial forms in the ontogeny
of fishes. American Zoologist, 21: 573-596.

BattacLia P., MaLARA D., AMMenDoLIA G., Romeo, T., ANDALoro F., 2015- Relationships
between otolith size and fish length in some mesopelagic teleosts (Myctophidae,
Paralepididae, Phosichthyidae, and Stomiidae). Journal of Fish Biology, 87: 774-
782.

Bostanci D., 2009- Otolith characteristics and some population parameters of Medi-
terranean horse mackerel, Trachurus mediterraneus (Steindachner, 1868). Firat
University Journal of Science, 21: 53-60.

Bostanci D., Yitmaz S., Potat N., Kontas S., 2012 - The otolith biometry characteristics
of black scorpionfish, Scorpaena porcus L., 1758. The Black Sea Journal of Sci-
ence, 2: 59-68. (In Turkish).

ErGuDEN D., Turan C., Guriek M., 2009- Weight-length relationships for 20 Lessep-
sien fish species caught by bottom trawl| on the coast of Iskenderun Bay (NE Medi-
terranean Sea, Turkey). Journal of Applied Ichthyology, 25: 133-135.

Francis M. P., WiLtiams M. W., Pryce A.C., PoLLarp S., Scott S. G., 1993 - Uncoupling
of otolith and somatic growth i in Pagrus auratus (Sparidae). Fishery Bulletin, 91:
159-164.

GoxkoaLu M., Govin O., Batcal B. A., Cotak H., GoLani D., 2009 - First records of Nemi-
chthys scolopaceus and Nemipterus randalli and second record of Apterichthus
caecus from Antalya Bay, Southern Turkey. Marine Biodiversity Records, 2.

Gouant D., SonIN O., 2006- The Japanese threadfin bream Nemipterus japonicus, a
new Indo-Pacific fish in the Mediterranean Sea. Journal of Fish Biology, 68: 940-
943.

GRANADEIRO J.P., Sitva MLA., 2000- The use of otoliths and vertebrae in the identifica-
tion and size-estimation of fish in predator-prey studies. Cybium, 24: 383-393.

GutsaHiN A., Kara A., 2013- Short communication Record of Nemipterus randalli Rus-
sell, 1986 from the southern Aegean Sea (Gokova Bay, Turkey). Journal of Applied
Ichthyology, 29: 933-934.

Gumus A., Bostancal D., Yitmaz S., Polat N., 2007- Age determination of Scardinius
erythrophthalmus (Cyprinidae) inhabiting Bafra Fish Lakes (Samsun, Turkey)
based on otolith readings and marginal increment analysis. Cybium, 31: 59-66.

GURLEK M., ERGUDEN S., YAGLIOGLU D., TURAN F., DEMIRHAN S., GUNGOR M., OZBALCILAR B.,
Ozcan T., 2010- Feeding habits of indo-pacific species Nemipterus randalli Rus-
sel, 1986 (Nemipteridae) in Iskenderun bay, Eastern Mediterranean Sea. Rapports
et Procés-Verbaux des Réunions Commission Internationale pour I’"Exploration Sci-
entifique de la Mer Méditerranée, 39: 539.

Hare J.A., Cowen R. K., 1995- Effects of age, growth rate, and ontogeny on the otolith

143



Thalassia Salentina n. 41-2019

size-fish size relationships in bluefish Pomatomus saltatrix, and the implications
for the back calculation of size in early life history stages. Canadian Journal of
Fisheries and Aquatic Science, 52: 1909-1922.

Harvey J. T., LoucHLN T. R., Perez M. A., OxmaN D. S., 2000 - Relationship between
fish size and otolith length for 63 species of fishes from the eastern North Pacific
Ocean. NOAA Technical Report NMFS, pp. 150.

Hunt J. J., 1979 - Back-calculation of length at age from otoliths for silver hake of the
Scotia shelf. ICNAF Selected Papers, 5: 11-17.

Hussy K., Coap J. O., FArrELL E.D., Crausen L.A. W., CLARKe M. W., 2012 - Age verifica-
tion of boarfish (Capros aper) in the Northeast Atlantic. ICES Journal of Marine
Science, 69: 34-40.

INNAL D., Aksu M., AKboGANBULUT D., KisIN B., CAN M., UNAL M. O., DocaNcIL B., Pk
E., 2015 - Age and growth of Nemipterus randalli from Antalya Gulf-Turkey. Inter-
national Journal of Fisheries and Aquatic Studies, 2: 299-303.

Jawap L. A., A.-MamRY J., AL -Busaibi H., 2011 - Relationship between fish length and
otolith length and width in the lutjanid fish, Lutjanus bengalensis (Lutjanidae)
collected from Muscat City coast on the Sea of Oman. Journal of the Black Sea/
Mediterranean Environment, 17: 116-126.

KasapocLu N., Duzcunes E., 2013 - The relationship between somatic growth and oto-
lith dimensions of Mediterranean horse mackerel (Trachurus mediterraneus) from
the Black Sea. Journal of Applied Ichthyology, 29: 230-233.

Letur S., Cotroca F., Carpentier! P., Russel B.C., 2008- The threadfin bream Nemipterus
randalli (Perciformes: Nemipteridae) in the eastern Mediterranean Sea. Journal of
Fish Biology, 73: 740-745.

Maceina M. J., SAMMONs S.M., 2006 - An evaluation of different structures to age freshwa-
ter fish from a northeastern US river. Fish Management and Ecology, 13: 237-242.

MeTin G., ltkvaz A. T., 2008 - Use of otolith length and weight in age determination
of poor cod (Trisopterus minutes Linn, 1758). Turkish Journal of Zoology, 32:
293-297.

Muaiva Y., Tanaka S., 1992- Otolith development, increment formation, and an un-
coupling of otolith to somatic growth rates in the larval and juvenile goldfish.
Nippon Suisan Gakkaishi, 58: 845-851.

Munbpay P. L., Hobces A. L., CHoaT J. H., Gust N., 2004 - Sex-specific growth effect in
Protogynous hermaphrodites. Canadian Journal of Fisheries and Aquatic Science,
61: 323-327.

Munk K. M., Smikrup K. M., 2002 - Relationships of otolith size to fish size and oto-
lith ages for yelloweye Sebastes ruberrimus and Quillback S. maliger rockfishes.
Regional Information Report No. 5]02-05, Alaska: Alaska Department of Fish and
Game Division of Commercial Fisheries: 1-39.

RusseLL B.C., 1990 - FAO Species Catalogue. Vol. 12. Nemipterid fishes of the world.
(Threadfin breams, whiptail breams, monocle breams, dwarf monocle breams,
and coral breams). Family Nemipteridae. An annotated and illustrated catalogue
of nemipterid species known to date. FAO Fisheries Synopsis 125: 149 p. Rome:
FAO.

144



Thalassia Salentina n. 41-2019

SommeRr C., SCHNEIDER W., PouTiers J.-M., 1996 - FAO species identification field guide
for fishery purposes. The living marine resources of Somalia. FAO, Rome. 376 p.

TARKAN A.S., Gavcusuz C.G., Gavcusuz O., AcLpmMAR H., 2007 - Use of bone and otolith
measures for size-estimation of fish in predator-prey studies. Folia Zoologia, 56:
328-336.

VALLISNERI M., TROTTA V., Cavicchi S., Picanerti C., 2008 - Sex-specific somatic-otolith
growth relationship in two Gadidae. Journal of Fish Biology, 72: 724-730.

VAN SNIK G. M. J., VaN DEN BoocaarT J. G. M., Osst J. W. M., 1997 - Larval growth
patterns in Cyprinus carpio and Clarias gariepinus with attention to the finfold.
Journal of Fish Biology, 50: 1339-1352.

WaessLe J.A., Lasta C.A., Bavero M., 2003 - Otolith morphology and body size rela-
tionships for juvenile Sciaenidae in the Rio de la Plata estuary (35-36°S). Scientia
Marina, 67: 233-240.

WEsT C.J., LARKIN P. A.. 1987 - Evidence of size- selective mortality of juvenile sockeye
salmon (Oncorhynchus nerka) in Babine Lake, British Columbia. Canadian jour-
nal of Fisheries and Aquatic Science, 44: 712-721.

ZArR ). H., 1984- Biostatistical Analysis, Prentice Hall New Jersey, pp. 718.

Fig 1. Otolith of Nemipterus randalli showing the major axis length (otolith length,
OL) and minor axis length.
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Table 1. The otolith major axis length (otolith length, OL), minor axis length (otolith
width, OWi) and otolith weight-fish total length (TL) and weight (W) relationships
of Nemipterus randalli. Intercept values (a), regression slope (b) and coefficients of
determination (R?).

Relationship a b R? Significance
TL vs. OL 0.0363 0.5945 0.90 P<0.001
Fish total length TL vs. OWi 0.0209 0.9263 0.85 P <0.001
TL vs. OW 0.0067 2.1507 0.87 P<0.001
W vs. OL 0.2242 2.9938 0.91 P <0.001
Fish total Weight W vs. OWi 0.4833 3.3012 0.87 P <0.001
W vs. OW 0.0004 0.0105 0.82 P <0.001
OW vs. OL 0.0004 23182 0.93 P<0.001
Otolith OWivs. OL 0.5604 0.6843 0.89 P <0.001
OW vs. OWi 0.0008 2.5598 0.89 P<0.001
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