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Article published on March 29, 2015 Abstract Reproductive activity of lizard fish, Saurida
tumbil was assessed using histology. Sex ratio, maturation cycle, fecundity,
gonadosomatic index based on 949 specimens collected monthly from north coast of
Persian Gulf (Hormuzgan province), between June 2007 to June 2008. The sex ratio of
the investigated fish was 1.92:1 (females: males).

The results showed that the total length of female specimens ranged from 16.2 to 55.5
cm and total weight extended from 29.93 to 1587.12 g, while male specimen ranged
from 18.1 to 44.00 cm and from 30.81 to 724.00g in total length and total weight
respectively. The length-weight relationship valued for females and males were
Wtot=0.0017L3.4214 R2=0.9578 and Wtot=0.0018L3.4015 R2=0.9699, respectively.
Different stages of gonad development based on external appearance and histological
observation of ovaries, revealed the existence of six stages for oocyte development of
female specimens as immature, maturing, ripening, ripe, spawning and spent.

The mean monthly values of GSl indicated that the species is a spring and autumn



spawner with two peaks from September to November and a minor peak from February
to April. Mean length at first maturity (Lm 50%) was 27.4 cm for females and 25.3 cm for
males. Absolute fecundity of 30 maturity samples ranged between 48863-211689 as the
number of eggs found in each ovary in the size range 40-50 cm. * Corresponding
Author: Mohammad Reza Mirzaei ? mirzaei.mr@gmail.com International Journal of
Biosciences | IJB | ISSN: 2220-6655 (Print), 2222-5234 (Online) http://www.innspub.net
Vol. 6, No. 6, p. 110-118, 2015 111 Mirzaei et al. Int. J. Biosci.

2015 Introduction The lizard fish, Saurida tumbil, belonging to the family Synodontidae ,
is one of the most abundant, and commercially most important, fish species in
Indo-West Pacific from east coast of Africa to the Persian Gulf and further east to
southeast Asia and Australia. For the past decade, it has been subjected to increasing
exploitation. Consequently, overfishing is effective in reducing the spawning biomass of
a fishery under desired ranges including maximum sustainable or economic yields.
Therefore, detailed reproductive knowledge of S. tumbil will provide valuable
information for fishery management and stock assessment, which will lead to a
sustainable natural resource in south water of Iran in Persian Gulf.

Despite the large number of studies describing biological characteristics (Raje et al.,
2004) biomass and resource management (Valinassab et al., 2006) and spawning
periodicity (Soofiani et al., 2006) there remains a paucity of evidence on sexual maturity,
fecundity, and sex ratios of S. tumbil, in southern water of Iran. Therefore, this paper
attempts to provide some primary information about the reproductive cycle of S. tumbil
in the Persian Gulf. The reproductive aspects of S. tumbil included in the present study
are sex ratio, length-weight relationship, spawning, microscopic and macroscopic gonad
observation, fecundity and length at first maturity.

Materials and method Study area A total of 949 S. tumbil were collected on a monthly
basis throughout June 2012- 2013 from commercial trawlers and research vessels within
three different fishing areas in the south Qeshm Island (N26° 31 ' E 55° 46 '), Bandar —
Abbas (N 27° 02 ' E 56° 20 ') and Bandar- Lengeh (N 26° 27 ' E 54° 56 ') (Fig. 1). Fig. 1.
Locate lis (?) ie Plfn Sea. Length- weight relationship Total length (TL) of 949 individuals
was measured to the nearest 0.1 cm by digital calliper and weighed (W) to the nearest
0.01g by digital balance.

The length- weight relationships were estimated by using the following equation.
W=alb (Mirzaei et al., 2014), Where: W= Fish weigh(g), FishLength(cm), a"and b" e
constant. Gonad development stages Morphological maturity stage classification (Table
1) was established by gonadal inspection following a six step scheme based on gonad
size and appearance (Hatikakoty and Biswas, 2004). Histological analysis was examined



for both sexes using Kinoshita et al. (2009) method. The gonad tissue was cut into small
pieces (5mm) and was immediately immersed in the Bouin's fixative for 24 hours.

The dehydration process was conducted with a series of different 112 Mirzaei et al. Int. J.
Biosci. 2015 concentrations of alcohol solution to remove the excess water from the
gonad specimen. The clearing process was carried out by immersing the gonad
specimen in Xylene solution. The gonad specimen was then impregnated with wax to
maintain tissue integrity and to provide a firm surface for the microtomy process.
Histological analysis was followed by transferring the gonad specimen to an imbedding
process using the Leica EG 1160 (tissue embedding system).

After that, the moulding gonad tissue was cut into small thin slices in the sectioning step
using a Leica RM 2135 microtome. The staining process was the next step, whereby the
glass slides were stained by using dyes to make a better contrast image. This was
followed by mounting, where the slides were glued with a cover slip using D.P.X glue.
Gonadosomatic index Monthly mean gonadosomatic index (GSI) was calculated in 30
specimens using following equation. (Sousa et al., 2003; Mirzaei et al., 2013). Fecundity
Gravimetric method was used for determination of absolute fecundity. The ovaries were
rinsed with water and placed in Gilson's fluid to dissolve the connective tissues.

Three subsamples taken from the anterior, middle and posterior parts of the ovary.
Samples were weighed and average number of eggs in each subsample were directly
counted, the mean value was calculated using the equation given below: (Nitschke et al.,
2001). Where: F= absolute fecundity, n= Average number of eggs in each subsample,
g= subsample weight (g) and G= Ovarian dry weight (g). Relative fecundity was
calculated by the following equation: (Hotos et al., 2000). R= Relative fecundity, F=
absolute fecundity, TW= Total body weight (g). Length at first maturity Length at which
50% of individuals reach sexual maturity (Lm50) was considered as length at first
maturity ( Sinovcic Zorca, ).

The female specimens in spawning stage were arranged into 10 mm length classes and
their frequencies were scaled to percentages. Results Sex Ratio Monthly frequency of
male and female S. tumbil showed that the females dominated the natural population
over the study period. In total of 949 specimens, 624 females and 325 males were
employed to analyze the sex ratio of S. tumbil (Fig. 2). The total sex ratio was found to
be 1.92 females: 1 male and significantly different from the hypothetical distribution of
1:1 (p < 0.05). Length- weight relationship Length and weight measurements of
specimens were used to describe the length-weight relationship of S. tumbil.

Length ranges in both sexes were from 16.2- 55.5 cm (females) and 18.1- 44.00 cm



(males), weight ranges for females and males were from 29.93- 1587.12 g and 30.81-724
g, respectively. The linear regression analysis of length-weight data allowto te and
constas femalby W= 0.0017 TL 3.4214 equation and regression coefficient R2 = 0.9578
(Fig. 3) and W= 0.0018 TL 3.4015 with a regression coefficient R2 = 0.9699 for males
(Fig. 4). Gonadal maturity stages Monthly frequency distribution of gonadal maturity
stage arranged by investigation fresh individuals gonads (Fig. 5 and 6). In both sexes,
two different periods can be defined: 113 Mirzaei et al. Int. J. Biosci.

2015 (a) in late autumn-winter, when the Percentages of low level gonadal maturity
(stages |, Il, 1ll) were higher than high level of gonadal maturity (Stages IV, V); (b) in
spring-early summer, when an increase in the percentage of high levels gonadal
maturity (Stages IV, V) were observed. These results indicate the existence of
reproductive activity in late summer and early autumn and to a lesser degree in the early
spring. Table 1. Visual (macroscopic) maturity stages and descriptions for Saurida tumbil
ovaries from Persian Gulf and Oman Sea. Stage Described stage | Ovaries are tiny,
narrow and string. Occupying a very small part of the body cavity. Testes are narrow,
thin and transparent.Ovaries and testes invisible to the naked eye. Il Ovaries develop in
size and rise in weight and volume. Filled approximately 50% the body cavity. Testes
grow to be enlarged, rise in weight and volume, in additionally milky white in color.

Ovaries and testes observed with the naked eye. Il Ovaries distended more or less 2/3
of the body cavity with yellowish eggs. Testes expand with increased weight and
volume, pinkish and considerably more vascular. IV Ovaries are bigger and filling nearly
whole body cavity, Ova become bigger, round, transparent, dark yellow. Testes change
to reddish colour and increase in weight and volume. Blood capillaries are clearer. V
Walls in the ovaries are narrow and transparent . Ova from ovary membranes is clear.
Several ripe ova appear in the oviduct.Testes are white, flimsy and narrow. VI The ovaries
become flaccid and sac like, decrease in volume.

Some not spawning ova and many of the small ova remain in ovary. Testes become
flabby, narrow and whiter color. Histology Monthly histological observations indicated
that the spawning of females S. tumbil was in September and early November, in
addition, there was a small amount of spawning in February. Histological maturation of
S. tumbil oocytes from immature to the spent stage as shown in Fig. 7 (Scale bar = 100
pum). thchomatnularsta(l ) and Prenucleolar stage (l1), nucleoli (ne) was presented in the
periphery of the nucleus (n), In addition, cortical alveoli were obvious within the
cytoplasm (cy) which was surrounded by the zona radiata (zr).

By Vesicle (cortical alveoli) Stage (Ill), there was a notable improvement in oocyte
diameter and the cytoplasm was occupied with yolk vesicles (yv) and cortical alveoli (ca).



In yolk granules or vitellogenesis stage (IV) nucleus moved to the periphery of
cytoplasm. Maturation and ovulation stage (V) was distinguished by start to hydration
and yolk granules changed into a limited number of plates. After spawning the post
ovulatory follicles (pof) were observed. Length at first maturity Base on Woodhead
(1978), the length at which 50% of individuals were in sexual maturity stage (IV, V) will
be considered the length at first maturity.

Frequency of mature specimens was plotted against different size group (1 cm) for male
and females. Males and females became mature at total length of 26.2 cm and 27.4
respectively. Almost all males that were over 33.9 cm (TL) were mature, while, for
females, it was 35.4 cm. Generally males reached sexual maturity at a smaller size than
female specimens (Fig. 8). Fig. 2. Monthly variation in Sex ratio of male and female
Saurida tumbil in esian f orn Province). Gonadosomatic Index (G.S.l.) Monthly variations
of the gonadosomatic index showed; both sexes followed nearly the same pattern 114
Mirzaei et al. Int. J. Biosci. 2015 and values ranged 0.29 - 5.2 for females and 0.5 - 1.7 for
males.

The results revealed one major peak in November, which suggested that there was one
main reproductive season during September to November. A minor peak displayed a
small amount of spawning during February to March. Moreover, GSI values during the
November - January indicates a lower reproductive activity during the study period (Fig.
9). Fig. 3. Length-weight relationship curve for female Saurida tumbil frth ersian
If(Horozgan Province). Absolute Fecundity Absolute fecundity for 30 of fish with ovaries
at stages IV and V were calculated.

Minimum absolute fecundity was 48863 (+ 356 SD) eggs per gonad, related to species
by mean gonad weight of 10 g and mean total weight of 134 g, while the highest
absolute fecundity was equivalent to 211689 (+402SD) eggs per gonad related to
species by mean gonad weight of 43.5g and mean total weight of 874.5 g. Fig. 4.
Length-weight relationship curve for male Saurida tumbil frth ersian [f(Horozgan
Province). Fecundity relationship with other parameters Relationship between
Fecundity-total lengths and fecundity-total weight of S. tumbil are shown in Fig. 10, 11,
respectively.

The relationships of this population expressed in linear regression equation were as
follows: F= 8331.TL — 2569, R2 = 0.567 (Relationship between fecundity and total length
(cm) ). F= 227.6 W — 54578, R2= 0.569 (Relationship between fecundity and weight (g).
Fig. 5. Monthly distributions of maturity stages of females Saurida tumbil in erGulf m
Province). Discussion The current study found that population structure of S. tumbil,
length and weight range were from 16.2 - 55.5 cm and 20.93 -1587.12 g, respectively.



This shows S.

tumbil in Hormozgan Province was wider in length and heavier in weight range as
compared to studies in Arabian sea and Red sea (Budnichenko and Nor, 1978; Bakhsh,
1996). In this study the length and weight ranges in females were generally higher than
males. The maximum length of S. tumbil in this study was 55.5 cm which was larger
compared to 33cm (Bakhsh, 1996), 39.90 cm (Fofandii, 2011).However, larger specimens
of up to 58 cm (Abaszadeh et al,, 2013) and 59 cm (Soofiani et al., 2006) have also been
recorded from another region of the Persian Gulf. In the present study, the sex ratio
(1.92:1) of females to males of S.

tumbil indicated the dominance of females over males in most of the months
throughout the year. This finding is in agreement with Abaszadeh 115 Mirzaei et al. Int.
J. Biosci. 2015 et al. (2012); Bakhsh (1996); Raje et al. (2011); Soofiani et al. (2006)
findings which showed sex ratio for S. tumbil was significantly female biased. Fig. 6.
Monthly distributions of maturity stages of males Saurida tumbil in ersian (Hmozga
Province). Length-weight relationship of S. tumbil showed, the regression line slope of
males and females were 3.40 and 3.42, respectively, which indicated an isometric growth
in this species.

Studies in other regions were closely to our results (Mathews and Samuel, 1989;
Fofandii, 2011; King, 2013). These may be due to migration of females toward the
shoreline for spawning (Bakhsh, 1996). Fig. 7. (A) Chromatin nucleolar stage, (B)
Prenucleolar stage, (C)Vesicle (cortical alveoli) Stage, (D) Yolk Granules or Vitellogenesis
Stage, (E) Maturation, hydration and ovulation stage, (F) Degeneration stage.
Description: n: nucleus, ne: nucleolus, cy: cytoplasm, fc: Follicle, ca: Cortical Alveoli, yv:
yolk vesicle, yg: yolk granule, zr: Zona Radiata, pof: post ovulatory follicle.

Monthly distribution of gonadosomatic index (GSI) trend showed maximum GSI value
was in September and the second peak occurred in February and early March. Our
observation in GSI values of S. tumbil in Hormozgan Province, were very close to results
of other researchers in the Persian Gulf (Soofiani et al., 2006; Rahimibashar et al., 2012;
Abaszadeh et al,, 2013). In addition, (Rao, 1983) reported spawning time for S. tumbil
was from September to March with a peak in November and December in the Bay of
Bengal. Budnichenko and Nor (1978) reported that S. tumbil with two to four stages of
ovarian maturation showed intermittent spawnings throughout the year.

This difference may be due to ecological differences is in the behavior of this species.
This suggests that a marine fish may have similar characteristics in different places, but
environmental factors can create differences such as sexual behavior. Fig. 8. Size at first



maturity of females Saurida tumbil in Persian f (Horoovince . Fig. 9. Monthly variation of
Gonadosomatic Index of female Saurida tumbil in esian f orn Province). 116 Mirzaei et
al. Int. J. Biosci. 2015 In current study, monthly histological distribution of S. tumbil
showed a major spawning and delayed spawning with the highest activity from
September to November. Nearly all stages were recorded throughout the year with
various rates.

Prenucleolar stages (Il) and cortical alveoli (Ill) were in higher percentages during April
to July, while yolk granules (IV) stage increased during July, August, and January. The
spawning frequency increased progressively from July to October, in addition revealed
in February and March. Our observations on the histological analysis of female S. tumble
in Persian Gulf is in line with the results of most researchers who have investigated lizard
fish spawning time and observed that it extended over half of the year (Abaszadeh et al.,
2012; Rahimibashar et al., 2012; Rao, 1983). Fig. 10.

Relationships between fecundity and total length of Saurida tumbil in Pesian Gulor
Province). Based on histological analysis, S. tumbil has a prolonged spawning season
and can be identified as a synchronous spawner with two sets of oocyte existing at the
same time in different gonad development stages. In the present study, individuals in
sexual maturity stage showed 25-28 cm size group whereas the length at which 50% of
the species reached to 25.3 cm in males and 27.4 cm in females was length of first
maturity.

In other regions of Persian Gulf the length at first maturity recorded 27cm (Abbaszadeh
et al, 2010), 29.5 cm (Motlagh et al,, 2012), 16-18 cm in Gulf of Suez (Latif and
Shenouda, 1973), and 14-24 cm in Indian waters (Rao, 1983). These differences in length
in first maturity may be due to inherent genetic differences between the populations
and effects of environmental factors could be driving the differences. Fig. 11.
Relationships between fecundity and total length of Saurida tumbil in Pesian Gulor
Province). In the present study, absolute fecundity ranged between 48863 - 211689 eggs
with weight and length ranges of 134 - 874.5 g and 40-50 cm, respectively.

The present findings seem to be consistent with other research which found absolute
fecundity of S. tumbil, 24,160 - 1,72,000 eggs with weight range of 230-670 g from
Mumbai waters (Metar et al., 2010), 140742- 456985 eggs for species with weight range
between 399-1470g in Persian Gulf — Bushehr Province (Abbaszadeh et al., 2010) and
74444 - 250452 eggs for species with weight range between 336.5 - 992 g in Persian
Gulf- khuzestan province (Soofiani et al., 2006). Fecundity information is important to
understand fish life history and use to estimate the difference between races,
generations of survival studies and evaluate the reserves.



In addition fecundity depended on several factors like different stock of fish, nutritional
level (Gupta, 1968), racial features (Das, 1977) and period of sampling, maturation stage
and variations in environmental factors (Bhuiyan et al., 2006). Results of present study
showed, S. tumbil was group- synchronous type of oocyte development. Besides that
117 Mirzaei et al. Int. J. Biosci. 2015 the female population was approximately twice of
male. With consideration of a result of current study, besides over fishing, observe a
serious threat for S. tumbil population in southern water of Iran.

Therefore, if male length of lizardfish differed from females during the year, it leads to
improve the sexual structure of population in the future. References Abaszadeh A,
Keivany Y, Soofiani NM, Falahatimarvast A. 2013. Reproductive biology of the greater
lizardfish, Saurida tumbil (Bloch, 1795), in Bushehr coastal waters of Iran. Turkish Journal
of Zoology 37, 717-722. http://dx.doi.org/10.3906/z00-1301-23. Bakhsh A. 1996.
Reproductive biology of lizard fish, Saurida tumbil (Forskal) in the Jizan region of the
Red Sea. J King Abdulaziz Univ (Mar Sci) Special Issue 7, 169 — 178. Bhuiyan AS, Islam K,
Zaman T. 2006.

Fecundity and Ovarian Characteristics of Puntius gonionotus (Bloch/Bleeker)(Cyprinidae:
Cypriniformes). Journal of Bio-Science 14, 88-102.
http://dx.doi.org/10.3329/jbs.v14i0.451 Budnichenko V, Nor L. 1978. Some features of
the growth of Saurida undosquamis and S. tumbil (Pisces, Synodontidae) in the Arabian
Sea. Journal of Ichthyology 18, 750-755. Das HP. 1977. The fecundity of grey mullet
Mugil cephalus L. along the Goa Coast. Mahasagar, Bulletin of the National Institute of
Oceanography, 10, 79-82. Fofandii M. 2011 Observations on food and feeding habits of
lizardfish (Saurida tumbil) landed along Veraval coast. Journal of Fisheries International
6, 31-35. http://dx.doi.org/10.3923/jfish.2011.31.35 Gupta MV. 1968. Observations on
the fecundity of Polynemus paradiseus Linn. from the Hooghly estuarine system.
Proceedings of the National Academy of Sciences of India B, 34, 330-345 P. Hatikakoty
G, Biswas S. 2004.

Studies on certain aspects of the reproductive biology of mouth- brooding tilapia,
Oreochromis mossambicus (Peters) from Assam, India. ag. arizona.
edu/azaqua/ista/istab/istabweb/pdf/112. pdf. Accessed September 16, 2004. Hotos G,
Avramidou D, Ondrias I. 2000. Reproduction biology of Liza aurata (Risso, 1810),(Pisces
Mugilidae) in the lagoon of Klisova (Messolonghi, W. Greece). Fisheries research 47, 57-
67. http://dx.doi.org/10.1016/S0165-7836(99)00128-9 King M. 2013. Fisheries biology,
assessment and management. John Wiley & Sons. Kinoshita M, Murata K, Naruse K,
Tanaka M. 2009. Medaka: biology, management, and experimental protocols. John Wiley
& Sons. Latif A, Shenouda TS. 1973.



Studies on Saurida undosquamis (Richardson) from the Gulf of Suez. Bulletin Inst
Oceanogr Fish Cairo 3, 295-335. Mathews C, Samuel M. 1989. Multi-species dynamic
pool assessment of shrimp by catch in Kuwait. In Proceeding of the Eighth Shrimp and
Fin Fisheries Management Workshop, 147-158 P. Metar S, Chakraborty S, Shinde M,
Nirmale V, Kulkarni P. 2010. Maturity, spawning and fecundity of Saurida tumbil from
Mumbai water. Asian Journal of Animal Science 5, 184-190. Mirzaei MR, Valinasab T,
Yasin Z, Hwai ATS 2013. Reproduction characteristics and length-weight relationships of
the sand whiting (Sillago sihama) in the south coastal of Iran (Persian Gulf and Oman
Sea).

Annals of Biological Research 4, 269-278. Mirzaei MR, Yasin Z, Shau Hwai AT. 2014. 118
Mirzaei et al. Int. J. Biosci. 2015 Length-weight relationship, growth and mortality of
Anadara granosa in Penang Island, Malaysia: an approach using length-frequency data
sets. Journal of the Marine Biological Association of the United Kingdom 95, 381-390.
http://dx.doi.org/10.1017/S0025315414001337 Motlagh ST, Vahabnezhad A, Shabani M,
Nazari M, Hakimelahi M. 2012. Studies on the reproductive biology of the female
Saurida tumbil in the Persian Gulf (Bushehr Province, Iran). World4. 400-406.
http://dx.doi.org/10.5829/idosi.wjfms.2012.04.04.62 191 Nitschke P, Mather M, Juanes F.
2001. A comparison of length-, weight-, and age- specific fecundity relationships for
cunner in Cape Cod Bay. North American Journal of Fisheries Management 21, 86-95.
http://dx.doi.org/10.1577/15488675(2001)021<0086 :ACOLWA>2.0.CO;2 Rahimibashar
M, Alipour V, Hamidi P, Hakimi B. 2012. Biometric Characteristics, Diet and Gonad Index
of Lizardfish (Saurida tumbil, Bloch 1795) in North of the Persian Gulf. World 4, 01-06.
http://dx.doi.org/10.5829/idosi.wjfms.2012.04.01.61 253 Raje S, Deshmukh V, Das T.
2004. Observations on the lizard fish fishery and some aspects of biology of Saurida
tumbil (Bloch) off Mumbai. Indian Journal of Fisheries 51, 199-207. Rao KV. 1983.
Length-weight relationship in Saurida tumbil and S.

undosquamis and relative condition in S. tumbil. Indian Journal of Fisheries 30, 296-305.
Sncic ri . 2006. Reproductive cycle and minimal length at sexual maturity of Engraulis
encrasicolus (L.) in the Zrmanja River estuary (Adriatic Sea, Croatia). Estuarine, Coastal
and Shelf Science 69, 439-448. http://dx.doi.org/10.1016/j.ecss.2006.04.003 Soofiani NM,
Keivany Y, Shooshtari AM. 2006. Contribution to the biology of the Lizardfish, Saurida
tumbil (Teleostei: Aulopiformes), from the Persian Gulf. Zoology in the Middle East 38,
49-56. http://dx.doi.org/10.1080/09397140.2006.10638164 Sousa L, Barreiros JP, Soares
MS, Hostim- Silva M, Santos RS. 2003.

Preliminary notes on the reproductive biology of the lizardfish, Synodus saurus
(Actynopterygii: Synodontidae) in the Azores. Valinassab T, Daryanabard R, Dehghani R,



Pierce G. 2006. Abundance of demersal fish resources in the Persian Gulf and Oman Sea.
Journal of the Marine Biological Association of the United Kingdom 86, 1455-1462.
http://dx.doi.org/10.1017/S0025315.406.014512

INTERNET SOURCES:

6% - www.researchgate.net > publication > 274311268

<1% - www.usm.my > index > directories

2% - www.cabdirect.org > cabdirect > abstract

1% - www.researchgate.net > profile > Mreza-Mirzaei

<1% - www.fao.org » 3 > w7387e

<1% - www.researchgate.net > publication » 233532618

1% - www.scholarsresearchlibrary.com > articles

<1% - scialert.net > fulltext

<1% - www.researchgate.net > publication » 231897120_Age
<1% - pubmed.ncbi.nlm.nih.gov » 2697833

<1% - ecoursesonline.iasri.res.in > mod > page

<1% - www.researchgate.net > publication > 287572318
<1% - medwelljournals.com > ref

<1% - cmerwebmap.cr.usgs.gov > 50541ab0e4b097cd4fcfdeb9
<1% - onlinelibrary.wiley.com > doi > 10

<1% - www.researchgate.net » publication » 237541999
<1% - www.semanticscholar.org > paper > Reproduction

1% - europepmc.org > article > MED

<1% - www.sciencedirect.com > science > article



