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Abstract 
Uroteuthis (Photololigo) duvaucelii (A. d’Orbigny, 1835), is an economically important squid species along the 
southeastern coast of India. This study presents a comprehensive analysis of its reproductive biology, based on 
the specimens collected during an exploratory fishery resources survey in the region. The results provide 
valuable insights into the reproductive patterns of this important fishery resource. The overall sex ratio was 
0.9:1 (Male:Female), indicating a predominance of females over males. The length at 50% maturity (L50) was 
estimated at 138 mm dorsal mantle length (DML) for Males, and 118 mm for females, showing that females 
tend to mature earlier. Observation of maturity stages revealed that sexually mature (stage V) males and 
females were found throughout the year, with a reproductive peak in April, though no spent individuals were 
observed during the study. The maximum number of total eggs recorded in the ovary was 69,629 with 841 
mature ova. Potential fecundity ranged from 544 to 20,865 eggs, with an average of 9,114. Relative fecundity 
(RF) value ranged from 8 to 115, while potential reproductive investment (PRI) values ranged from 0.01 to 
0.196. The maximum egg weight was observed between 1.6 and 1.7 mg. Histological examination of the ovary 
and oviduct (stages IV and V) confirmed that this species follows an iteroparous spawning strategy, 
characterised by multiple spawning events throughout the year.   
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1 | INTRODUCTION 
With the intensifying exploitation of fin fish resources and 
the alarming depletion of several major fish stocks that 
have historically supported large-scale industrial fisheries, 
the focus has shifted towards alternative fishery re-
sources. These resources, often termed “unconventional 
fishery resources,” encompass a variety of marine species 
that were previously under-utilised. Among these, cepha-
lopods—such as squids, cuttlefish, and octopuses—have 
gained prominence due to their ecological roles and 
commercial importance. This shift underscores the urgent 

need to diversify fisheries and alleviate pressure on over-
exploited fin fish populations (Jereb and Roper 2010). 

Squids, belonging to the class Cephalopoda, subclass 
Coleoidea, and order Teuthida, have emerged as valuable 
fishery resources, contributing significantly to global 
cephalopod landings. In India, cephalopods account for 
1.18% of total production, with a reported 4.814 million 
tonnes harvested along Indian waters (DoF 2023). The 
Indian squid, Uroteuthis duvaucelii (family Loliginidae), is 
an abundant and economically important species in this 
context, especially along the southeastern coast of Tamil 
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Nadu. While primarily landed as bycatch in the region’s 
multi-gear, multi-species trawl fisheries, it contributes 
significantly to commercial catches and plays a critical 
ecological role as both predator and prey in the marine 
food web (Navarro et al. 2013). 

Understanding the reproductive biology of U. 
duvaucelii is vital for its sustainable fisheries manage-
ment. Reproductive studies provide essential insights into 
key population parameters, including spawning seasons, 
size at maturity, reproductive capacity and fecundity. 
These parameters are critical for developing effective 
management strategies, such as suggesting seasonal fish-
ing bans, implementing size limits, or closed and open 
fishing zones. Additionally, cephalopods exhibit diverse 
spawning patterns influenced by environmental factors 
and rapid life cycles, which make them highly sensitive to 
changing environmental conditions (Pierce et al. 2008). 
Thus, studying their reproductive biology not only informs 
fishery management but also provides valuable data on 
ecosystem dynamics. 

Research on the reproductive biology of U. duvauce-
lii has been conducted across its distribution range, in-
cluding the Indian Ocean, Pakistan, the Gulf of Thailand, 
the Eastern Indian Ocean, and the China Seas (Supongpan 
et al. 1992; Mohamed 1993; Sukramongkol et al. 2007; 
Kilada and Riad 2010; Wang et al. 2015). However, stud-
ies at both national and regional levels remain scarce, 
despite the species’ economic and ecological importance 
in Indian waters. Understanding the reproductive biology 
of U. duvaucelii is critical due to its significant contribu-

tion to commercial fisheries and its role in marine ecosys-
tems across the Indian Ocean region. 

To address this knowledge gap, the present study 
investigates the reproductive biology of U. duvaucelii 
along the southeastern coast of India. Specifically, it ex-
amines key reproductive parameters, including sex ratios, 
size at maturity, gonadosomatic index, fecundity and his-
tological validation. By providing a comprehensive under-
standing of the maturation and spawning mechanisms of 
U. duvaucelii, this study aims to generate valuable data to 
support sustainable fishery management and conserva-
tion strategies in the region.  
 
2 | METHODOLOGY 
2.1 Study area and sample collection 
The present study was conducted as an exploratory fish-
ery resources survey by the departmental survey vessel 
MFV Samudrika (OAL: 28.8 m), attached to the Chennai 
Base of Fishery Survey of India, Govt. of India, Ministry of 
Fisheries, Animal Husbandry and Dairying, Department of 
Fisheries. The survey was conducted from November 
2018 to October 2020, covering the area between 10 – 

16N and 80 – 86E off the southeastern coast of India 
within a depth range of 30 – 50 m and 50 – 100 m (Figure 
1). During the study, a total of 786 specimens were col-

lected. The samples were stored onboard at –20C to 
preserve them for further analysis. Subsequently, the 
samples were transported to the shore laboratory for 
detailed examination and studies. 

 

 

FIGURE 1 Map showing sampling 
stations of Uroteuthis duvaucelii 
along the southeast coast of India. 
Source: Ocean Data View (Schlitzer 
2024) 
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2.2 Study of gonad maturation 
A total of 786 specimens were collected of which 415 
were females and 371 males whose maturity stages (gon-
ads) were identified using the universal maturity scale 
(Lipinski 1979). The length at first sexual maturity (L50 or 
L95) was studied in both the sexes i.e. the length at which 
50% or 95% of squid population reach their sexual maturi-
ty was estimated by fitting the percentage of maturity 
against mid-lengths. The L50 or L95 was estimated as the 
point on X-axis corresponding to a 50 or 95 point on Y-
axis (Gewida et al. 2021). Similarly, sex ratio (M:F) was 
analysed month-wise to identify the availability range 
between both sexes. The Chi-square (χ²) test was em-
ployed to examine deviations from the expected 1:1 ratio 
using the formula: χ

2
 = Σ*(Oi –Ei)

2
 /Ei; where χ² = Chi-

square value, Oᵢ = observed value, and Eᵢ = expected val-
ue. This method follows standard statistical procedures 
described by Zar (1999). 

To study the maturity indices of both sexes, the re-
productive parts were weighed to the nearest 0.1 g. The 
reproductive parts of females consist of the oviductal 
complex (OC) [including ovary (O), oviduct (OD), and ovi-
ductal gland (ODG)], ovary and oviduct (OVD), nidamental 
gland (NG) (both left and right) and accessory nidamental 
gland (ANG). Whereas, male reproductive parts comprise 
of testis (T) and spermatophoric complex (SPC) (including 
vas deferens, spermatophoric organ, spermatophoric 
duct, Needham's sac and penis). The maturity indices of 
these reproductive parts were studied following standard 
method (Markaida and Sosa-Nishizaki 2001; Chembian 
2013) with slight modifications as follows: 

In females: accessory nidamental gland weight index 
(ANGWI), nidamental gland weight index (NGWI) ovary 
weight index (OWI), oviductal complex weight index 
(OCWI), reproductive system weight index (RSWI) [includ-
ing ovary weight, oviductal complex weight, nidamental 
gland weight)] and in males: testis weight index (TWI), 
spermatophoric complex weight index (SPCWI) were em-
ployed to study maturity indices and calculated as fol-
lows, 
For females: 

Accessory Nidamental Gland Weight Index (ANGWI) 
= Accessory Nidamental Gland Weight (ANGW) × 
100 / Body Weight – Nidamental Gland Weight (BW 
– ANGW) 
 
Nidamental Gland Weight Index (NGWI) = Nidamen-
tal Gland Weight (NGW) × 100 /Body Weight – 
Nidamental Gland Weight (BW – NGW) 
 
Ovary Weight Index (OWI) = Ovary Weight (OW) × 
100 / Body Weight – Ovary weight (BW – OW) 
 
Oviductal Complex Weight Index (OCWI) = Oviductal 
Complex Weight (OC) × 100 /Body Weight – Oviduc-

tal Complex Weight (BW – OCW) 
 
Reproductive system Weight Index (RSWI) = (Ovary 
Weight + Oviductal Complex Weight + Nidamental 
Gland Weight) × 100 / (Body Weight – Ovary Weight 
– Oviductal Complex Weight – Nidamental Gland 
Weight) 

 
For males: 

Testis Weight Index (TWI) = Testis Weight (TW) × 
100 / Body Weight – Testis weight (BW – TW) 
 
Spermatophoric Complex Weight Index (SPCWI) = 
Spermatophoric Complex Weight (SPCW) × 100 / 
Body Weight – Spermatophoric Complex Weight 
(BW – SPCW) 

 
The maturity indices were analyzed month-wise and 

for different maturity stages to find out the changes or 
variations in the maturity indices as per month wise and 
stages. 
 
2.3 Study of ova and fecundity 
Ovary and oviduct were analyzed in matured specimens 
(n = 73) with maturity stages IV and V. The different types 
of ova in ovary and the matured ova in oviduct were 
weighed and counted by implying steps provided by 
Chembian (2013). The different stages of ova in the ovary 
were identified based on microscopically determined 
stages of Loligo reynaudii (Sauer and Lipioski 1990; 
Lipinski and Underhill 1995), with a slight modification. 
For instance, in the present study stage I and II (primary 
oogonia round and primary oogonia cuboidal) were 
named opaque ova (OP), Stage III (follicular epithelium 
invading the oocyte) as small reticulate ova (SR), stage IV 
(displacement of follicular folds) as large reticulate ova 
(LR) and stage V (oocyte ready to be freed) as matured 
ova (MO). 

After the identification of ova type, the diameter of 
the ova in the ovary and oviduct was measured using a 
light microscope with an ocular scale by taking the long-
est axis of the egg as egg length (in mm) and the weight 
of the matured ova to the nearest value of 0.0001 g. After 
measurement, the diameter of different types of ova in 
the ovary value was plotted against the dorsal mantle 
length (DML) of the female specimen to identify the range 
of different ova sizes. 

Potential fecundity (PF) was calculated as the sum of 
the total oocyte number in the ovary and egg number in 
the oviducts. Then relative fecundity (RF) was estimated 
as the ratio of PF to Total weight or body weight. An index 
of potential reproductive investment (PRI) was calculated 
as the product of RF and the weight of an individual ripe 
egg (Laptikhovsky and Nigmatullin 1993, 1999; Laptikhov-
sky 1999). Later, the linear relationship between the vari-
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ables: DML, number of mature ova in the ovary (NMOO), 
number of ova in the oviduct (NOOOD), potential fecundi-
ty (PF), relative fecundity (RF), index of potential repro-
ductive investment (PRI), total weight (TW) and ovary 
weight (OW) were studied using the simple linear regres-
sion equation. The histological validation of reproductive 
parts of the males (testis) and females (ovary and oviduct) 
were studied by implying method proposed by Sauer and 
Lipioski (1990). 
 
2.4 Data analysis 
Data obtained during the study were analysed using spe-
cific software tools. Microsoft Excel 2016 was used to 
perform the Chi-square test, analyse dorsal mantle 
length, determine the month-wise distribution of the spe-
cies, and calculate the gonadosomatic index. Sampling 
stations were mapped using Ocean Data View, version 
5.7.2 (Schlitzer 2024), while other graphical representa-
tions and statistical analyses, including descriptive statis-
tics and correlation analyses, were conducted using R 
statistical software (R Core Team 2015). 
 
3 | RESULTS 
3.1 Study of gonads 
3.1.1 Dorsal mantle length (DML) and monthly distribu-
tion: The distribution of different maturity stages across 
DML was analysed for both sexes. In females, Stage I was 
observed within the DML range of 51 to 120 mm, Stage II 
between 61 and 140 mm, Stage III from 71 to 150 mm, 
Stage IV from 71 to 160 mm and Stage V from 81 to 190 

mm, with 100% of the population maturing above 161 
mm. Similarly, in males, Stage I was observed within the 
DML range of 51 to 110 mm, Stage II from 51 to 130 mm, 
Stage III from 71 to 160 mm, Stage IV from 71 to 180 mm, 
and Stage V from 91 to 210 mm, with 100% of the popu-
lation maturing above 181 mm (Figure 2). Overlapping 
gonadal maturation stages were observed within the 
same DML size groups for both sexes. Additionally, the 
monthly distribution of maturity stages showed that all 
stages were present throughout the study period (Figure 
3). However, Stage V (mature) individuals peaked in April 
2019, with the highest proportion observed in females 
(69.2%), followed by males (71.1%) along the southeast-
ern coast of India. 
 
3.1.2 Sex ratio and size at maturity: The overall sex ratio 
was 0.9:1 (Male:Female), with males comprising 47.2% 
and females 52.8%, showing monthly variation in the ra-
tios. While females dominated the overall sex ratio, males 
exhibited a higher ratio (1.5:1) during the peak spawning 
period in April. The Chi-square test (χ²) revealed no signif-
icant variations between the months (Table 1). 

The observed sizes of mature females (Stage V) 
ranged from 78 mm to 184 mm, while mature males 
ranged from 93 mm to 217 mm DML. The L50 for females, 
indicating the size at which 50% attain maturity, was 118 
mm DML, whereas for males, it was 138 mm DML. The L95 
for females, marking the size at which 95% reach maturi-
ty, was above 144 mm DML, and for males, it was 172 
mm DML along the southeastern coast of India (Figure 4). 

 

 

FIGURE 2 Dorsal mantle 
length (DML) wise distribu-
tion of different maturity 
stages for females and 
males of Uroteuthis 
duvaucelii. 
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FIGURE 3 Month wise distri-
bution of different maturity 
stages for females and 
males of Uroteuthis 
duvaucelii. 

 
TABLE 1 Sex ratio and chi square test estimated for male and female of Uroteuthis duvaucelii. 

Month Total 
Sex ratio 
(M:F) 

Male Female 


2
-values p-values Significance 

n % n % 

18-Nov 23 1.3:1 13 56.5 10 43.5 0.39 0.53 N 
18-Dec 16 1:1 8 50.0 8 50.0 0.00 1.00 N 
19-Jan 58 1:1 29 50.0 29 50.0 0.00 1.00 N 
19-Feb 67 1.1:1 35 52.2 32 47.8 0.13 0.71 N 
19-Mar 68 0.8:1 30 44.1 38 55.9 0.94 0.33 N 
19-Apr 64 1.5:1 38 59.4 26 40.6 2.25 0.13 N 
19-May 77 0.5:1 24 31.2 53 68.8 10.9 0.00 S 
19-Jun 75 1.3:1 42 56.0 33 44.0 1.08 0.30 N 
19-Jul 24 0.5:1 8 33.3 16 66.7 2.67 0.10 N 
19-Aug 23 0.8:1 10 45.5 13 54.5 0.39 0.53 N 
19-Sep 25 0.5:1 8 32.0 17 68.0 3.24 0.07 N 
19-Oct 54 0.9:1 26 48.1 28 51.9 0.07 0.79 N 
19-Nov 17 1.1:1 9 52.9 8 47.1 0.06 0.81 N 
19-Dec 32 0.6:1 12 37.5 20 62.5 2.00 0.16 N 
20-Jan 18 0.8:1 8 44.4 10 55.6 0.22 0.64 N 
20-Feb 22 1:1 11 50.0 11 50.0 0.00 1.00 N 
20-Jun 29 1.2:1 16 55.2 13 44.8 0.31 0.58 N 
20-Jul 19 1.1:1 10 52.6 9 47.4 0.05 0.82 N 
20-Aug 33 0.9:1 16 48.5 17 51.5 0.03 0.86 N 
20-Sep 19 0.6:1 7 36.8 12 63.2 1.32 0.25 N 
20-Oct 24 0.8:1 11 45.8 13 54.2 0.17 0.68 N 

Total 786 0.9:1 371 47.2 415 52.8 -- -- -- 


2
 - Chi square value; N - insignificant, S - significant 

 
3.1.3 Maturity indices and maturity stages: Weight indi-
ces were calculated for different maturity stages (Table 
S1). In females, reproductive organs gained weight as 
DML and maturity stages increased, except for the acces-
sory nidamental gland, which was absent in Stage I. Simi-

larly, in males, the testis and spermatophoric complex 
also grew from low to high weight indices as the maturity 
stages increased, with the absence of spent individuals in 
both sexes during the study period. 
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FIGURE 4 Size at maturity estimation for females and 
males of Uroteuthis duvaucelii. 

 
3.1.4 Relationship between DML and reproductive so-
matic weight index (RSWI) in females: In females, the 
reproductive parts became distinctly visible and easier to 
weigh beyond a DML of 65 mm. At this point, the average 
RSWI entered a lag phase, followed by a logarithmic or 
exponential growth phase between 91 mm and 150 mm. 
Beyond 150 mm, the RSWI gradually stabilised, entering a 
stationary phase (Table S2). 
 
3.1.5 Monthly maturity indices: The maturity index for 
both sexes was examined on a monthly basis and is tabu-
lated in Table S3. For females, the reproductive parts 
weight index (RSWI) was highest in January, February and 
April, indicating a preparatory phase for spawning. The 
percentage of mature females was highest in April, sug-
gesting that April is the peak spawning month for females 
along the southeastern coast of India. In males, Testis 
Weight Index (TWI) and Spermatophoric Complex Weight 
Index (SPCWI) were examined both across size classes 
(Table S2) and on a monthly basis (Table S3). In size-wise 
data, TWI increased with body size, peaking at DML: 151 – 
170 mm, while SPCWI generally increased but showed 
minor fluctuations, reflecting the transfer of spermato-
phores from the testis to the spermatophoric complex. 
Month-wise data showed TWI peaks in April 2019 and 
January 2020, corresponding to periods of active male 
reproduction, while SPCWI peaked in November 2019, 
reflecting storage of mature spermatophores for mating. 

Pearson correlation analysis of month-wise mean re-
vealed a significant positive relationship between TWI 
and SPCWI (r = 0.62, p < 0.01), indicating that spermato-
phore production generally increases with testis growth, 
although short-term differences occur due to organ-
specific transfer dynamics. Together, these patterns con-
firm that TWI and SPCWI reflect sequential stages of male 
reproductive activity. 
 
3.2 Study of ova 
3.2.1 Size and percentage of different stages of ova in 
the ovary: The diameter of the different stages of ova in 
the ovary (Stage V) ranged from 0.21 mm to 1.4 mm, with 
the smallest ova being opaque ova (OP), averaging 0.35 
mm, followed by small reticulate ova (SR) with an average 
size of 0.74 mm, large reticulate ova (LR) averaging 1.15 
mm, and the largest being matured ova (MO) with an 
average size of 1.19 mm and a maximum size of 1.4 mm 
(Figure 5). The percentage availability of different stages 
of ova in the ovary was analyzed within the DML range of 
111 mm to 190 mm (Table 2). 
 
TABLE 2 Summary of Percentage of different stages of 
ova in ovary. 

DML 
Percentage (%) 

OP SR LR MO 

111-130 63.9 9.5 25.9 0.6 
131-150 59.1 11.2 28.6 1.0 
151-170 58.6 13.0 27.6 0.7 
171-190 56.6 10.4 32.6 1.0 

DML - dorsal mantle length, OP - opaque ova, SR - small 
reticulate ova, LR - large reticulate ova, MO - matured ova 
 
3.2.2 Ova relation to DML: The total number of eggs (in 
various stages) in the ovary increased with DML size. For 
instance, the average number of eggs in the ovary for 
DML sizes of 101 to 130 mm was 26,698 ± 11,125, fol-
lowed by 30,793 ± 11,376 for DML sizes of 131 to 160 
mm. The maximum number of eggs observed was 69,629 
in the DML range of 161 to 190 mm, with a mean of 
57,964 ± 13,930 (Table 3). The linear relationship be-
tween the number of mature ova in the ovary (NMOO) 
and DML was analysed, showing a positive correlation, 
with a minimum of 30 and a maximum of 841 mature ova 
observed (Figure S1B). 

 
TABLE 3 Mean dorsal mantle length (DML) against the mean of total number of eggs in ovary, number of mature ova in 
ovary (NMOO), ovary weight and oviduct weight. 

DML 
Total number of eggs in ovary NMOO Ovary weight (g) Oviduct weight (g) 

Range Mean±SD Range Mean±SD Range Mean±SD Range Mean± SD 

101–130 11586–42158 26698±11125 30–323 162±93 0.77–6.67 4.00±1.8 0.23–5.82 2.25±2.06 
131–160 14821–61179 30793±11376 43–752 263±200 2.87–10.95 6.08±1.8 0.22–8.57 3.41±1.95 
161–190 41646–69629 57964±13930 675–841 758±117 7.27–10.39 8.92±1.4 6.94–11.88 9.35±2.47 
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FIGURE 5 Size of different 
types of ova in ovary against 
dorsal mantle length (DML). 

 
3.2.3 Linear relationship of ovary and oviduct weights 
with ova: The total number of eggs in the ovary was ex-
amined in relation to the ovary weight of the collected 
specimens (Table 3). The analysis revealed a clear trend: 
as the ovary weight increased, so did the total number of 
eggs in the ovary (Figure S1C). Similarly, the relationship 
between the total number of mature ova in the oviduct 
and oviduct weight (OVD) was analysed (Table 3). 
 
3.3 Fecundity 
3.3.1 Potential fecundity (PF), relative fecundity (RF), 
and index of potential reproductive investment (PRI): 
The PF of U. duvaucelii along the southeastern coast of 
India ranged from 544 to 20,865, with an average of 
9,114 (Table 4). The linear relationship between DML and 

potential fecundity showed a positive correlation (Figure 
S2A). The RF ranged from 8 to 115, while the PRI ranged 
from 0.01 to 0.196 along the southeastern coast of India.  
 
3.3.2 Potential fecundity (PF) and other variables: The PF 
values were examined against variables such as total body 
weight, oviduct (OD) weight, and OVD (ovary + oviduct) 
weight. The lowest PF value of 544 was observed in a 
specimen with a total body weight of 54.8 g, oviduct 
weight of 0.23 g and OVD weight of 3.15 g. The highest PF 
value of 20,865 was observed in a specimen with a total 
body weight of 184 g, oviduct weight of 11.88 g and OVD 
weight of 21.82 g (Table S4). All three variables showed a 
positive linear growth in relation to potential fecundity, 
with R² values ranging from 0.5 to 0.9 (Figure S3A–C). 

 
TABLE 4 Summary of potential fecundity (PF), relative fecundity (RF), index of potential reproductive investment (PRI) 
against dorsal mantle length (DML). 

DML (mm) 
Mean DML 
(mm) 

Potential fecundity (PF) Relative fecundity (RF) PRI Egg weight 
(mg) Range Mean±SD Range Mean±SD Range Mean±SD 

111–130 121 544–11128 4343±3837 8–135 64±49.5 0.01–0.255 0.119±0.09 

1.6–1.7 
131–150 139 1210–11810 5270±2527 16–131 67±26.6 0.012–0.227 0.130±0.05 
151–170 156 473–16063 9714±5879 4–114 72±23.3 0.007–0.213 0.145±0.07 
171–190 183 13128–20865 16997±5470 71–115 93±31 0.135–0.196 0.165±0.04 

 
3.4 Histological study of reproductive parts: The ovaries 
and oviducts of mature female U. duvaucelii (Stages IV 
and V) were subjected to histological study (Figure 6). The 
ovary at Stage IV consisted of OP, SR, and LR ova, but no 
MO ova were present (Figure 6A). In Stage V, all four 

types of ova were present in the ovary, and mature ova 
were observed in the oviduct (Figure 6B). 

The testis of males from maturity stages III to V were 
subjected to histological observation to understand the 
formation of spermatophores. In Stage III, spermatocytes 
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(SC) were observed at the corners of the lobules (LO), 
with developing spermatids (ST) present at the center in 
lower abundance (Figure 7A). In Stage V, the testis con-

tained well-developed spermatozoa (SO) and developing 
spermatids, with fully formed lobules (Figure 7B). 

 

 
FIGURE 6 Histological slides: (A) section of ovary Stage IV opaque ova (OP), small reticulate ova (SR), larger reticulate ova 
(LR) and matured ova (MO); (B) section of ovary Stage V; (C) section of OP and SR with follicle cells (FC); (d) section of LR; 
and (E–F) section of matured ova in oviduct. 
 

 
FIGURE 7 Histological slides: (A) section of testis Stage III, Spermatocytes (SC), lobules (LO) and spermatids (ST); and (B) 
section of testis Stage V. 
 
4 | DISCUSSION 
Supporting the monthly distribution of maturity stages of 
this study, Chhandaprajnadarsini et al. (2020) in south-
western Bay of Bengal, along with Gewida et al. (2021) 
and Elsayed et al. (2021) in Suez has also reported the 

highest percentage of matured females in April. Similarly, 
observed the matured stages of U. duvaucelii throughout 
the year. Arkhipkin et al. (2015) documented similar find-
ings in the eastern Indian ocean, with peak maturity sea-
sons ranging from January to June, and August to Decem-
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ber. These observations suggest that both sexes reach 
maturity for spawning in April, making it as a peak spawn-
ing period. Maturity stages were compared against size 
ranges to identify variations at each stage and monthly 
groupings were analysed to track changes in abundance. 
This approach helped in understanding seasonal fluctua-
tions in various maturity stages, providing insights into 
the reproductive biology and spawning patterns of the 
species (Chembian 2013). 

The sex ratio observed in this study was 0.9:1 (male 
to female), contrasting with findings from other regions. 
Gewida et al. (2021) observed a sex ratio of U. duvaucelii 
in the Gulf of Suez as 1.6:1.0 (M: F), and Elsayed et al. 
(2021) reported a ratio of 1.7:1 in the same region, with 
males were dominant in both cases. In contrast, Arkhipkin 
et al. (2015) observed a ratio of 1:1.3 on the east coast of 
India and Petsut and Kulabtong (2012) reported a ratio of 
1:2, where females were dominant. These findings sug-
gest that the sex ratio may vary based on population ad-
aptations, reproductive behaviour, food availability, envi-
ronmental conditions, habitat preferences, migration pat-
terns or behavioural differences between sexes. Addi-
tionally, one sex may be more easily caught due to size 
differences or specific fishing methods, such as jigs, which 
might contribute to catch bias rather than reflecting the 
actual population structure (Chembian 2013; Mohamed 
et al. 2014; Elsayed et al. 2021). 

In terms of size at maturity (L50), the current study 
showed females attaining maturity at 118 mm DML and 
males at 138 mm DML, consistent with previous findings. 
For instance, Elsayed et al. (2021) reported that the size 
at maturity of females in Suez was above 100 mm and 
135 mm for males. According to Jereb and Roper (2006), 
females ranged from 90 – 130 mm DML and males from 
70 – 150 mm DML. Similarly, Naik et al. (2017) observed 
females attained maturity at 70 – 90 mm DML, while 
males matured at 90 – 110 mm in the southwest coast of 
India. In comparison with previous studies, the present 
study indicates that both sexes continue to grow in DML 
size even after reaching maturity. This demonstrates that 
somatic growth persists during the spawning period or 
maturation time. Moreover, females mature earlier than 
males, with relatively slower growth. For instance, fe-
males reached L50 at 118 mm DML, and males at 138 mm, 
while the maximum observed sizes were 184 mm for fe-
males and 217 mm for males. This observation supported 
by Mohamed et al. (2014), who stated that animals ma-
turing at smaller sizes exhibit slower growth rates com-
pared to those maturing at large sizes, despite being of 
equivalent ages. 

The weight indices of reproductive organs in both 
sexes increased with maturity stages, indicating resource 
allocation toward reproduction. According to Chembian 
(2013), the highest weight indices of the reproductive 
parts were observed mainly in individuals ready for 

spawning. Also, the weight of the nidamental gland in-
creases due to the accumulation of nidamental gland se-
cretions and in the ovary, it is due to the formation of 
yolk oocytes from immature ova while, oviductal complex 
weight increases due to the presence of matured oocytes 
in both the ovary and oviduct. In males, the presence of 
spermatophore increases the weight indices of the testis, 
and the spermatophoric complex weight index increases 
due to the presence of matured sperm in Needham's sac 
and penis. Though, the weight index increases with the 
increase in maturity stages which results in the overlap-
ping of different weight index among the same DML size. 
The RSWI values for individuals above 150 mm indicate 
that reproductive organs do not grow further once fully 
mature, consistent with size at maturity results (100% 
mature above 151 mm). A methodological limitation of 
this study is that the decline (spent) phase was not ob-
served, as no spent animals were collected during sam-
pling, which may introduce a potential bias in interpreting 
the complete reproductive cycle. 

The reproductive cycle for females showed higher 
weight indices in January, February and April, indicating 
preparation for spawning. The highest percentage of ma-
ture females in April underscores its importance as a peak 
spawning month. In males, the testis weight index (TWI) 
peaked in April, while the spermatophoric complex 
weight index (SPCWI) also increased, reflecting the se-
quential transfer of spermatophores from the testis to 
the spermatophoric complex. Pearson correlation analysis 
revealed a significant positive relationship between TWI 
and SPCWI (r = 0.62, p < 0.01), indicating that spermato-
phore production generally increases with testis growth, 
although short-term differences occur due to organ-
specific transfer dynamics. These results are consistent 
with reproductive strategies observed in many marine 
species, where males and females exhibit distinct pat-
terns of gonadal development in preparation for a syn-
chronised spawning event. 

The size of mature ova in this study (up to 1.4 mm) is 
consistent with Naik et al. (2017), who reported sizes 
ranging from 1.26 to 1.6 mm. In case of the percentage of 
ova in ovary, opaque ova (OP) was highest among the 
other, followed by large reticulate ova (LR), small reticu-
late ova (SR) and matured ova (MO). MO was the least 
found ova in the ovary, because after ova maturation it 
moves into the oviduct storage and gets stored there until 
released for spawning. Also, its graphical representation 
of linear relationship between mean DML and average 
total number of eggs shows positive relationship. Similar-
ly, the percentage of different ova in ovary is independent 
of its DML size, because it’s mainly based on their matu-
ration process. The positive correlation between DML and 
the number of matured ova in ovary (NMOO) supports 
previous findings by Mohamed et al. (2014), who ob-
served matured ova in ovary of 480 to 4671 eggs with the 
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DML size ranging from 145 mm to 185 mm, which evi-
dently supports that the NMOO was directly proportional 
to the DML size. Incase of ovary and oviduct weight in 
relational to DML, the finding indicates that ovary weight 
is directly proportional to the total number of eggs in it 
and the oviduct weight is directly proportional to the 
number of matured ova present. These observations 
highlight the strong correlation between reproductive 
organ weight and the reproductive potential of the spec-
imens. 

Potential fecundity (PF) values were aligned with 
findings by Naik et al. (2017), who observed in U. 
duvaucelii ranged from 1,545 to 13,585 with an average 
of 7,554 eggs from the SW coast of India and Sundaram 
and Mane (2019) range from 1,080 to 15,570 in the 
north-west coast of India. From the overall studies, the 
potential fecundity of U. duvaucelii in Indian waters rang-
es less than 20,000. Similar to the potential fecundity, the 
relative fecundity (RF) and index of potential reproductive 
investment (PRI) value also get increased against the in-
crease of DML size, which supports the statement, RF 
value and PRI value was directly proportional to the DML 
size. 

The PF values were examined against variables such 
as total body weight, oviduct (OD) weight and OVD (ovary 
+ oviduct) weight. All three variables showed a positive 
linear relationship with potential fecundity, with R² values 
ranging from 0.5 to 0.9. Similar results for the relationship 
between total weight and potential fecundity were re-
ported by Mohamed et al. (2014) (Y = - 1056.1 + 33.987X, 
R² = 0.4702) and Naik et al. (2017) (Y = 0.9942 + 1.5332X) 
in U. duvaucelii, both of which demonstrated a positive 
linear correlation. 

The histological analysis revealed that the produc-
tion of ova in ovary was synchronous ovulation and the 
matured ova in oviduct were released as batch (spawn 
more than once) in the southeast coast of India. Which 
can be supported by the previous study led by Elsayed et 
al. (2021) who observed the gonadal development of U. 
duvaucelii in Suez Gulf by histological study and conclud-
ed that, females are iteroparous and spawns partially 
throughout the year. In addition, Jereb and Roper (2010) 
and Petsut and Kulabtong (2012) reported that U. 
duvaucelii exhibited partial spawning or extended repro-
ductive phase within the life cycle. Hence, it can be con-
cluded that U. duvaucelii exhibit iteroparous spawning in 
the southeast coast of India. The presence of spermatids 
in male testis and spermatophores in Needham’s sac indi-
cates synchronous reproductive development, further 
supporting the iteroparous spawning pattern. 

The spawning pattern of U. duvaucelii from the 
southeast coast of India was elucidated through detailed 
analysis of size at maturity (L95) and reproductive organ 
development. The results indicated that the population 
reaches maturity at a dorsal mantle length (DML) exceed-

ing 144 mm in females. Notably, somatic growth contin-
ued even after reaching full maturity, suggesting that 
body growth occurs alongside the spawning process. This 
finding is consistent with histological observations of 
Stage V ovaries and oviducts, where the oviducts were 
stocked with mature ova, while primordial, follicular, and 
mature ova coexisted in the ovary. Such observations 
imply synchronous ovulation and batch spawning in the 
species. Females exhibit synchronous ovulation and batch 
spawning, accompanied by somatic growth during each 
spawning cycle. These findings align with the categoriza-
tion proposed by Rocha et al. (2001), who described such 
a spawning pattern as iteroparity—characterized by mul-
tiple spawning events during the species lifetime. Similar 
observations were reported by Mohamed (1993) and 
Sajikumar et al. (2022) for U. duvaucelii populations along 
the west coast of India, who also classified the species as 
a multiple spawner. Additionally, Silas et al. (1985) noted 
that U. duvaucelii does not die after a single spawning 
event, further supporting its iteroparous nature. 

The current study confirms that U. duvaucelii in the 
southeast coast of India demonstrates multiple spawning 
behavior, a finding supported by both histological and 
reproductive biology analyses. However, despite these 
insights into the reproductive strategies of the species, 
there remains a gap in understanding the development of 
ova into juveniles in this region. Future studies focusing 
on post-spawning development and juvenile stages could 
provide a comprehensive understanding of the species 
life cycle. This knowledge would be invaluable for the 
management and conservation of U. duvaucelii popula-
tions in Indian waters. 
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