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Males dominated the populations of U. archionema from Visakhapatnam during the study period. Sex
ratio for male to females was 1:0.67. A scale of seven stages of maturity of gonads was identified in
females. The mean length at first maturity was found to be 152mm in females. Peak spawning takes place
during February-March and again in October-December. GSI has been found to be high during January to
April and again in October to December in males; February, March, August, October and December in
females. U. archionema was a fractional spawner and releases ripe eggs in two batches during the
spawning season. The fecundity ranged from 3,583 to 8,773 ova. U. archionema was a carnivore feeds on
fish, shrimp, cephalopods, crab, gastropods and miscellaneous items. There was no marked difference in
the food composition between males and females. A common regression equation was given for both the
sexes as W=2.85233E - 05 L %% (r = 0.89). Analysis of covariance conducted to test the difference
between regression slopes of males and females showed a significant difference (p<0.05). Relative
condition factor was low during June, August, October to December in males; February, March, August
and October in females.

spawning biology, food and
feeding habits, Length -weight
relationship, Visakhapatnam
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INTRODUCTION

The fishes of genus Uranoscopus are commonly called as
stargazers. These are marine, benthic predators occurring in the
littoral waters and on continental shelf and upper slope, caught
by trawl in 60-300m depth (Smith and Heemstra, 1986;
Hureau, 1986; Demestre ef al., 2000). There are about twenty
five species belonging to eight genera (Smith and Heemstra,
1986). Stargazers are have two large venomous spines situated
behind their opercles and above their pectoral fins and they also
possess electric organs (Heemstra, 1986 and Baron, 2009).
There was no published data on the biology of U. archionema
in India so far. Due to paucity of information on biology and
ecological importance of U. archionema from Visakhapatnam,
the present study aims to obtain some basic information on
maturation, spawning season, length at first maturity, sex ratio,
fecundity, food and feeding habits and length-weight
relationship as a first attempt.

MATERIALS AND METHODS

The present study was based on 122 specimens of U.

*Corresponding author: Yedukondala Rao P

archionema (males: 73; females: 49) ranging in size from
45mm to 185mm and weight 2 to 114.5g collected from
commercial trawl catches at Visakhapatnam fishing harbor (Lat
17°41'45"N, Lon 77°40'15"E,) twice in a month during January
to December 2008. The samples were not available during May
due to fishing holidays from 15" April to 31* May which has
been implemented for conservation of fishery resources. The
collected samples were immediately brought to the laboratory
for further analysis. After measuring the total length (nearest
Imm) and weight (nearest 0.5gm) of each specimen, the belly
was cut open to note the sex, color and general appearance of
the gonads. The gonads were then carefully removed and
preserved in 5% formalin in labeled bottles for further analysis.
The sex ratio of the sampled population was analyzed
according to month. Maturity of the gonads was determined by
external appearance like color, size, area occupied by them in
the body cavity and microscopic observations of the ova
(Prabhu, 1955).

The mean length at first maturity (Lm) was determined for
females by fitting logistic curve (King, 1995). To determine the
length at first maturity females were grouped into 10mm length
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intervals with gonads of stage IVand above (mature to ripe).
The average length at which 50% of the population attains
maturity was considered as length at first maturity. Percentage
occurrence of matured fishes (fishes with gonad stage IV - VI)
in different months and Gonado Somatic Index (GSI) were
used to determine the spawning season (West, 1990). The
Gonado Somatic Index (GSI) was calculated using the formula:
GSI = GW/FW x 100 Where GW: gonad weight (g); TW: the
total body weight (g).

Measurement of ova diameter (Clark, 1934) was made by
taking sections from middle of the ovary. All the ova were
teased out on a micro slide and their diameters were measured
under a compound microscope with the help of an ocular
micrometer at 40x, where each micrometer division (md) is
equal to 0.02mm. About 500 — 600 ova were measured from
early maturing to ripe ovaries (stage II to VI). For convenience,
the ova were divided into diameter groups of two micrometer
divisions each (i.e. 1-2, 3-4, 5-6 and so on) to determine the
frequency distribution of ova of different sizes towards
maturity. Estimation of fecundity gravimetrically (Simpson,
1959) was based on intact ovaries of ripe stage collected during
the study period. Relationships between fecundity (F) against
fish length (L), fish weight (W) and ovary weight (OW) were
estimated using linear regression equation (Bagenal, 1978) as F
= aX® where a = constant, b = exponent, F = fecundity, X =
total length / body weight / gonad weight. Fecundity values
were plotted against the respective total length, weight and
ovary weight of fish.

For study of gut content analysis, six categories of stomach
fullness namely empty, one fourth, half, three fourth, full and
gorged could be recognized based on the nature of stomach
folds (Rao, 1964) and their percentage was calculated. Each
stomach was considered as a unit and the stomach contents
were first identified qualitatively to the nearest taxon possible
and their quantity was determined volumetrically. The points
gained by each food item in all the stomachs were used to
calculate the percentage of different food items (Hynes, 1950).

The length-weight relationship (LWR) was derived using
exponential hypothetical formula W = aL® (Le Cren, 1951)
where W is body weight (g), L is total length (mm), ‘a’ is a
coefficient related to body form and ‘b’ is an exponent
indicating isometric growth when equal to 3 (Sangun ef al/
2007). For testing the difference between the regression slopes
of males and females, analysis of covariance was employed
(Snedecor and Cochran, 1967). The monthly relative condition
factor (Kn) for males and females was estimated adapting the
formula of Le Cren (1951). Statistical analysis was carried out
by Micro Soft Excel.

RESULTS

Sex ratio

The sex ratio in different months during study period from
January to December, 2008 was shown in Table 1. Males
dominated throughout the study period except in January,
March and December, where females dominated. The sex ratio
for male to female during this period was 1:0.67.

Table 1 Month-wise sex ratio of U. archionema at

Visakhapatnam
Month Males Females % of males % of females Male : Female
January 1 3 25.00 75.00 1:3
February 10 3 76.93 23.07 1:0.3
March 7 10 41.18 58.82 1:1.42
April 5 3 62.50 37.50 1:0.6
May - - - - -
June 7 2 77.78 22.22 1:0.28
July 15 6 71.43 28.57 1:0.4
August 6 4 60.00 40.00 1:0.66
September 7 3 70.00 30.00 1:0.42
October 5 2 71.43 28.57 1:04
November 2 1 66.67 33.33 1:0.5
December 8 12 40.00 60.00 1:1.5
Total 73 49 59.84 40.16 1:0.67
Maturation

A scale of 7 stages of maturity of ovaries was adopted in this
study.

Stage I (Immature)

The ovaries were thin, narrow and translucent. Ova were
invisible to naked eye. The ova were transparent. Ovaries were
milky white in color.

Stage II (Early maturing)

The ovaries were cylindrical, translucent and occupied about
more than 1/4™ of the body cavity. Ovaries were milky white in
colour. Ova attained a modal size of 9-10md (0.18-0.20mm)

Stage III (Maturing)

Ovaries were thick, narrow, cylindrical and occupied half of
the body cavity. They were pale yellow in color, blood
capillaries distinct. Ova attained a modal size of 29-30md
(0.58-0.60mm).

Stage IV (Mature)

Ovaries occupied more than half of the length of body cavity,
becoming bulky. The ovaries were creamy in color with
numerous blood capillaries over the entire ovary. Ova were
opaque and filled with yolk. Ova attained a modal size of 31-
32md (0.62-0.64mm).

Stage V (Gravid)

Ovaries with thin ovarian wall, creamy in color and with
numerous blood capillaries occupied 3/4™ of the body cavity.
The mature ova were large, spherical and were -easily
separable. The ova becoming translucent with continued
absorption of yolk. Ova were visible to naked eye. Ova attained
a modal size of 39-40md (0.78-0.80mm).

Stage VI (Ripe/Spawning)
Ovaries with thin ovarian wall occupied entire body cavity.
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Ovaries were creamy in color with numerous blood capillaries,
ova became translucent. Ova attained a modal size of 61-62md
(1.22-1.24mm).

Stage VII (Spent)

The bulky ovaries were very much reduced, bag like and
hollow. Some disintegrated, free and loosely connected, mature
ova were present in the ovary, besides the large maturing and
immature ova.

Length at first maturity (LM)

The percentage frequency of mature females in different stages
of ovary in different length groups was given in Table 2. Ripe
females were observed from 125mm onwards. However
majority of females in the range of 131-170mm formed the
spawning population and constituted a sizable quantity at
Visakhapatnam. The average length at which 50% of the
individuals attain first sexual maturity was 152mm length in
females (Fig. 1).

1.25 ~
1 -
2
=
s 0.75 A
g
g 05
=
=4
§- 0.25 - /ﬂ
-9
0 T T . )
0 50 100 ILO 200
Total length
Fig. 1 Length at first maturity in females of U. archionema
Spawning season

Monthly percentage occurrence of females in different stages
of maturity during the study period from January to December,
2008 was given in Table 3. The frequencies of female fish with
ripe stage (VI) were available during February, March, October
and December. V stage was observed almost entire study
period except January, April, October and December. Mature
stage IV was also observed in entire study period except
February, June and November. More number of fishes with
spent stages was noticed in March and December. The
vailability of fishes with ripe stages (VI) during February,
March, October and December indicated to be the peak
spawning season of U. archionema from trawling grounds off
Visakhapatnam

Gonado Somatic Index (GSI)

GSI has been found to be high during January to June and
again from October to December in males; February, March,
August, October and December in females indicating that
spawning activity. A fall in GSI has been seen in July and
August in males; June and September in females indicating the
cessation of spawning activity in males and females of U.
archionema (Fig. 2).

14.00 —&— Females
12.00 1 —&— Males

10.00 9§
8.00 1
6.00 1
4.00 o
2.00 o
0.00  r—————————

Average values

R R A
Months

Fig. 2 Gonado Somatic Index of U. archionema

Development of ova to maturity and spawning

Ova diameter frequency in first stage of maturity showed a
large number of immature ova, progressively increase in size
with the advancement of maturity in subsequent stages (Fig. 3).
In Stage II, a batch of ova released from parent stock and
formed a mode ‘a’ around 9-10md (0.18-0.20mm). This mode
progressed to 61-62md (1.22-1.24mm) in Stage VI. In Stage II
another batch of ova was released from the parent stock and it
formed a mode ‘b’ around 3-4md (0.06-0.08mm). This mode
could be traced to 55-56md (1.10-1.12mm) in Stage VI. Two
batches of ova were thus released from parent stock and under-
went the process of maturation. The ova at mode ‘a’ in stage VI
were ripe and to be released, the ova at mode ‘b’ in Stage VI
were opaque and yet to become ripe. Thus, it appeared that U.
archionema was a fractional spawner releasing ripe eggs in two
batches during the spawning season.

Fecundity

The fecundity ranged from 3,583 to 8,773 with mean 6,136 +
276.3025 in length ranging from 130mm to 172mm TL. The
relationship between fecundity (F) and fish length (L), fish
weight (W) and ovary weight (OW) showed linearity (Fig. 4A,
B and C). The equations obtained were:

F =1.259505 L"*%’
F= 590.608917 W%37
F =5045.45108 OW"2'%

Food and feeding habits

The food items were classified into 7 major groups namely
fish, shrimp, cephalopods, crab, gastropods, miscellaneous
items and digested matter. Regular food items in the order of
importance during January to December, 2008 (Fig. 5) were
fish (50.59%) (represented by Saurida sp, apogonids,
sciaenids, eel fishes and other unidentified teleostean fishes);
shrimp (12.12%) (penaeoids and carideans), cephalopods
(11.18%); crab (8.05%) (mostly Charybdis sps); miscellaneous
items (1.88%) (sand, sea fans, fish scales) and gastropods
(0.69%). The random variations of stomachs with different
intensities of feeding in different months showed that highest
feeding intensity was observed throughout the study period
except in August, October and November (Table 4).
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Fig 3 Frequency distribution of ova in different stages of maturity in U.
archionema

Length — weight relationship (LWR)

Estimations of the constants ‘a’ and ‘b’ in the linear form were
made using the method of least squares in the logarithmic form:

Males W = 1.67417E-05 L **' (r = 0.94)
Females W = 5.99515E-05 L 27"%% (r = 0.85)
Combined W = 2.85233E-05 L >¥%" (r = 0.89)

Table 2 Length —wise percentage frequency distribution of
females with different stages of maturity

Lengths 2@l I o IV V VI Spent

No.
41-50 1 - 100.00 - - - - -
51-60 - - - - - - -
61-70
71-80
81-90
91-100
101-110
111-120
121-130
131-140
141-150
151-160
161-170
171-180

100.00 - - - - - -
100.00 - - -
25.00 50.00 - 2500 - - -
100.00 - - - -
100.00 - - - -
85.71 1429 - -
14.28 28.57 28.57 14.29 -
50 50.00 - -
20.00 80.00 -
- - 833 16.67 25 3333 16.67
100.00

- 14.29

e SR SRS IS I SV I S ]
'

Table 3 Month —wise percentage frequency distribution of
females with different stages of maturity.

Tﬁ;ﬁ" I I I v v VI  Spent
January 3 - 3333 33.33 33.34 - - -
February 3 - 3333 - - 33.33 33.34 -

March 10 - - 10.00 30.00 10.00 30.00 20.00
April 3 33.33 33.33 - 33.34 - - -
May - - - - - - - -
June 2 - - - - 100.00 - -
July 6 16.67 33.33 16.67 16.67 16.66 - -
August 4 - 25.00 25.00 25.00 25.00 - -
Septembr 3 - - - 33.33 66.67 - -
October 2 - - - 50.00 - 50.00 -
November 1 - - - - 100.00 - -

December 12 25.00 - 8.33 25.00 - 33.33 8.34

Table 4 Monthly percentage occurrence of guts in various
degrees of fullness.

Months N Gorged Full 3/4 Half 1/4
Jan 4 - - 25.00 75.00 -
Feb 13 7.69 7.69 7.69 7.69 53.85 1539
Mar 17 588 11.76 588 17.65 41.18 17.65

Empty

Apr 8 12.50  12.50 - 50.00 25.00
May - - - - - - -
Jun 9 11.11 1111 1111 11.11 4445 11.11
Jul 15 1333  6.67 20.00 20.00 26.67 13.33
Aug 10 - 20.00 10.00 - 50.00 20.00
Sep 10 10.00 - 10.00  20.00 40.00 20.00
Oct 7 - 1428 1428 2858 28.58 14.28
Nov 3 - 3333 3333 - 33.34 -
Dec 10 10.00  10.00  10.00 - 50.00  20.00

The comparision of regression lines in Table 5 showed a
significant difference (p<0.05) between the slopes of the two
sexes at 5% level and showed negative allometric growth for
combined sex. The scattered diagram of observed weight
against length of all the specimens reveals a curvi-linear
relation between two variables (Fig. 6 & 7).

Relative condition factor

Variations in the relative condition factor in different months
(Fig. 8) were studied for both males and females. Monthly
variations in the relative condition factor showed high values in
April, July and September, whereas low values were noticed in
June, August and again from October to December in males.
Highest values were observed in January, June and September
and low values were observed in February, March, August,
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October and December in females.
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Fig. 4 Relationship between fecundity and fish length (A), fish weight (B)
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Fig 6 Scattered diagram of length-weight relationship in males of U.
archionema
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Fig. 8 Monthly relative condition factor in U. archionema
DISCUSSION

Males dominated the catches during the study period. Male
dominance was also noticed in other stargazer U. scaber
(Coker et al., 2008) from Aegean waters. Five stages of
maturity of gonads were observed in females of U. scaber from
Aegean Waters (Coker et al 2008), Lagocephalus lunaris

Table 5 Comparision of regression lines of length-weight relationship in males and females of U. archionema

Regression Coefficient SS

2 2
D.F. X Y Intercept (a) Slope (b) "~ MSS
Within Females 33 4.567196 2.482830 3.367428 -4.2222 2.7130 32 0.442564
Males 73 4.160784 1.750329  2.698655 -4.7762 29901 72 0.339214
104 0.781778 0.007517
Pooled 106 8.72798 4.233159  6.066083 -4.5448 2.8704 105 1.312448 0.012499
Difference between slopes 1 0.53067 0.53067
Slopes F= 70.5959 D.F. 1,104 P= 2.41617E-13 Significant at 5% level
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(Rukmini ~ Sirisha and Yedukondala Rao, 2013) and
Parachaeturichthys polynema (Yedukondala Rao ef al 2015)
from east coast of India. In the present investigation, a scale of
seven stages of gonad maturity in U. archionema was adopted
to evaluate variations in frequency of maturity stages more
precisely and to determine the spawning period specifically.

The length at first maturity was found to be 152mm in females
of U. archionema in the present study whereas the length at
first maturity of other fishes represented in by-catches at
Visakhapatnam was found to be 175mm and 141mm in
Lagocephalus spadiceus and Lagocephalus lunaris respectively
(Rukmini Sirisha and Yedukondala Rao, 2007 and 2013) which
was almost similar to that of the present findings.The
progression of monthly values of the Gonado Somatic Index
indicated the spawning season of fishes (Hureau, 1986; West,
1990 and Coker et al 2008). GSI has been found to be high
during January-June and October-December in males;
February, March, August, October and December in females
which may be indicative of spawning season of U. archionema.
The oocyte development ranged from 0.18mm to 1.24mm in U.
archionema in the present study. The oocyte diameter ranged
from 0.06-1.86mm in U. scaber from Aegean waters (Coker et
al 2008) and a 2mm maximum egg diameter in U. scaber from
Mediterranean waters (Hureau, 1986; Yuksek, 1993) which
were more or less similar to the findings of the present work.
Fecundity ranged from 3,583 to 8,773 with mean 6,136 +
276.3025 in length ranging from 130mm to 172mm TL and
showed linearity with length, weight of fish and ovary weight
in U. archionema. Batch fecundity noticed in U. scaber was
8408 in hydrated oocytes from Aegean waters (Coker et al
2008) which was more or less similar to the findings of the
present work. Linear relationship between batch fecundity and
fish size was also noticed in U. scaber from Aegean waters
(Coker et al 2008). U. archionema was a fractional spawner
releasing ripe eggs in two batches during the spawning season
because ripe ovary of U. archionema contains large number of
maturing ova besides ripe ova. Fractional spawning was also
noticed in other stargazer U. scaber from Aegean waters
(Coker et al 2008).

U. archionema was a carnivore feeding on fish, shrimp,
cephalopods, crab, gastropods and miscellaneous items. There
was no marked difference in the food composition between
males and females of U. archionema. Similar findings were
also noticed in other stargazer U. scaber from Spanish waters
(Sanz, 1985), Mediterranean waters (Samir and Philips, 2008)
and Tunisian waters (Boundka and Katari, 1996), but algae and
sea grass were not observed in the gut content of U.
archionema. High feeding intensity was observed throughout
the study period except January, August, October and
November in U. archionema in the present study where as high
feeding intensity was observed during April in U. scaber from
Mediterranean waters (Samir and Philips, 2008). There occurs
a variation of fish species in the diet of stargazers in different
areas which can be attributed to the difference in the
biodiversity of different seasons of these areas.

Males exhibited higher total length than females reaching
190mm while maximum total length was 180mm in females of

U. archinema in the present study, but higher total length in
females was observed in U. scaber (Samir and Bakhoum,
2009) from Mediterranean waters and Spanish waters (Sanz,
1985).

The growth was found to be isometric if b = 3, negative
allometric if b < 3, positive allometric if b > 3 (Morey et al.,
2003 and Sangun, 2007). In the present study on U.
archionema a common regression equation was given for both
the sexes as W = 2.85233E-05 L *** (r = 0.89) which showed
negative allometric growth, but isometric growth was noticed
in U. scaber from Mediterranean Waters where a combined
regression equation was given for both the sexes as W = 0.0142
L** (= 0.9147) (Samir and Bakhoum, 2009). The
comparision of regression lines showed a significant difference
(p<0.05) between the slopes of the two sexes at 5% level in U.
archionema in the present study, but no significant difference
was observed in U. scaber from Spanish waters (Sanz, 1985)
and Mediterranean waters (Samir and Bakhoum, 2009).
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