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Abstract 

The tiger shrimp, Penaeus monodon (Fabricius, 1798) was studied in Okoro River estuary, 

Southeastern Nigeria between the months of April, 2018 to March, 2019.  The sex ratio showed 

sexual inequality (0.82:1 ratio) in favour of female. The population structure revealed that the 

number of females (112) far outnumbered the males (91). The results of biometric analyses 

including length and weight of males, females and pooled population showed 116.25-224.08 

(189.76±10.06) mm, 124.38-257.56 (197.22±12.78) mm and 116.25-257.56 (194.06±7.85) mm 

range of length with 15.16- 92.78 (67.62±7.71) g, 27.81-137.67 (78.69±16.41) g and 15.16-

137.67 (65.39±8.15) g of weight respectively. The female population exhibited higher size 

structure than the male counterpart. The morphometric structure of female was significantly 

different from that of the male shrimp (p<0.05). The coefficient of determination (R2) 0.7984, 

0.9935 and 0.6795, intercept (a) 0.00004352, 0.00000506, 0.00000944 and slope or growth 

coefficient (b) 2.59, 2.99 and 2.71 was obtained for male, female and pooled shrimp 

population. The value of regression coefficient (b) was < 3.0 that shows negative allometric 

growth of the studied population. The growth coefficient (b) was not significantly different from 

the isometric growth of b =3. The condition factor of Penaeus monodon shrinks as the shrimp 

increases in size.  The size of the shrimp is a determining dynamic or an exponential index of 

condition factor. The values of welfare condition (K) was 0.98 for male, 0.99 for female and 

0.95 for pooled population which revealed that the tiger shrimp, Penaeus monodon in Okoro 

River Estuary, Southeastern Nigeria was not in good welfare condition (K<1) and this calls 

for apt management of the stock.  

Key words: Biometric relationships, welfare condition, Penaeus monodon, allometric growth 

and stock assessment   

 

1.0 Introduction 

The evaluation of biometric relationship provides an essential tool for stock and yields potential 

assessment of shrimp population and equally supplies useful apparatus for estimating growth 

rate, age structure, sexual dimorphism and other shrimp population parameters. The condition 

factor is important in assessing the relative welfare or well-being of shrimp population and 

proper management of the resources. 
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Several scholars have studied the biometric characteristics, growth, length-weight 

relationships, and condition factor of penaeid shrimps in different water bodies across different 

localities from 1970-2021. For instance, Kirkegaard & Walker (1970) studied the growth of 

Penaeus sculptilis in Australian waters. Marioghae (1982) reported positive relationship 

between the carapace length and weight of Macrobrachium macrobrachion in the Lagos 

Lagoon area, Nigeria. Klaoudatos (1984) recorded the length-weight relationship for Penaeus  

kerathurus in the Amvrakikos Gulf. Deshmukh (1995) recorded the parameters of the length - 

weight relationship of Nematoplaemon  tenuipes along the Maharashtra coast, Nawabunder. 

Gujart. Masitah and Chong (2002) reported that the combined sexes of Penaeus sculptilis 

exhibited a negative allometric growth from Selangor waters. Teikwa & Mgaya (2003) studied 

the Penaeus indicus from Bagamoyo Coastal Waters, Tanzania. Okayi et al. (2005) reported 

on the length-weight relationship for Atya gabonensis from River Benue in Makurdi, and River 

Niger, Nigeria. 

Moreover, Alexis et al. (2005) studied the overall length-weight relationship for Penaeus 

kerathurus in the East Ionian Sea (Western Greece). Yakubu & Ansa (2007) reported on 

Penaeus monodon from Buguma creek in Niger Delta. Deekae and Abowei (2010) estimated 

the length-weight relationship of M. macrobrachion in Luubara creek of Ogoni land in the 

Niger Delta region (Nigeria). Gopalakrishnan et al. (2013) studied the healthy cultured and 

wild populations of P. monodon from Pichavaram mangroves (Thailand). Olawusi-Peters et al. 

(2014) studied the growth of individual species of Penaeus  atlantica captured at Ayetoro, 

western Nigeria. Amani et al. (2015) reported on P. sculptilis in the Coastal Waters of Perak, 

Peninsular Malaysia. Udoinyang et al; 2016 reported on the length-weight relationship of 

penaeid shrimps in Iko River, Southeastern Nigeria and Solanki et al; (2020) studied the length 

weight relationship of P. monodon from Gujarat India.  

Due to the economic importance of shrimps worldwide, particularly in aquaculture, a great 

effort to understand the growth and biometric relationships of shrimps has been made and yet 

there is paucity of information on biometric structure and welfare condition of tiger shrimp in 

Nigerian coastal waters. Thus, the objective of this study was to examine the biometric structure 

and welfare condition of the tiger shrimp, P. monodon (Fabricius, 1798) in Okoro River 

estuary, Southeastern Nigeria.  

 

2.0  Materials and Methods 

2.1 Description of the Study Area  

The study was carried out in Okoro River estuary, Southeastern Nigeria located on latitude (4o 

33’N - 4 o 55’ N) north of the equator and longitude (7o45’E -70 55’E) east of the Greenwich 

meridian. The area lies 650 m above sea level in the tropical mangrove forest belt east of the 

Niger Delta between the lower Imo and Qua Iboe River estuaries in the Gulf of Guinea (Figure 

1). The tidal range in the area is about 0.8 m at neap tides and 2.20 m during spring tides with 

little fresh water input. Numerous tributaries flow into the estuary and as they empty into the 

Atlantic Ocean (NEDECO, 1961). The climate of the area is tropical with distinct rainy (April 

to October) and (October to May) dry seasons with a high annual rainfall averaging 2500 mm 

(Gibo 1988; AKUTEC Report 2006). The mean water temperature of the study area is 28.2oC 

(Udoidiong, 2005). 
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Figure 1. Location of sampling site in Okoro River estuary, southeast Nigeria  

 

2.2 Vegetation and Mineral Resources 

 The Okoro River Estuary is characterized by an expansive mangrove swamp dominated with 

mangrove species such as Rhizophora racemosa, Avicennia germinans, Conocarpus eractus, 

interspersed with Nypa fruticans with inter-tidal mud flats influenced by the semi-diurnal tidal 

regime of the estuary. Oil palm (Elaeis guineensis) and coconut palm (Cocus nucifera) are also 

widely distributed in the surrounding villages. The area is rich in biodiversity and contains 

diverse assemblages of fish, shellfish (shrimps, crabs, and lobsters), gastropods and 

cephalopods, reptiles and other living organisms.  Fishing is the main economic activity in this 

study area. The area is also an oil-producing area with several oil exploration wells and oil 

pipelines scattered around the coastal communities and around the estuary. 

 

2.3 Data Collection and Measurement  

Shrimp specimens were collected on monthly basis between the months of April 2018 to March 

2019, with the assistance of artisanal fishers. The fishing was carried out diurnally during the 

full moon using local trawl net (Nkoto) made of nylon materials. The net is 7m long with a 

rectangular opening. The mouth of the net is 2.5 m wide (horizontal length) and 2.0 m high 

(vertical length) with the net opening coefficient of 0.8. Stretched mesh size varies from 0.9 

cm at the cod-end to about 2.8 cm near the mouth. Data collection consisted of three hauls 

lasting two hours each. After collection, the specimens were immediately preserved in ice-

packed cooler at the point of collection and transferred to the deep freezer where they were 

frozen at -40oC prior to laboratory work. The specimens were sorted and identified using 

available keys and photographs in Schneider, 1990, Powell, 1980, 1982 and Holithuis, 1980.  
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Individuals were sexed using external characters (presence of thelicum in females and patasma 

in males). For each shrimp, measurements were taken by stretching out and placing on a 

measuring board. The total length (TL) was obtained by stretching out the curved shrimp and 

measuring lengths from the tip of the rostrum to the tip of the telson due to the curved nature 

of shrimp (King & Udo, 2001). The advantage of this method is that it is suitable for 

measurement of all sizes of shrimps (Rodriguez, 1981). The carapace length (CL) (from the 

base of rostrum to the first body segment) was measured to the nearest   0.1 mm (King and 

Udo, 2001) using a pair of sliding Vernier Calipers. The shrimps were then weighed after 

excess water had been removed from the shrimp with Top-Pan weight balance (Ohaus) to the 

nearest 0.1 g. Measurements were taken for each monthly collection and recorded according to 

the method of Powell, 1980. The morphometric parameters and biological traits of the penaeid 

shrimp were therefore analyzed.  

2.4 Biometric Relationships  

Regression analysis extant in SPSS computer software was used to estimate biometric 

relationships, where the total length (TL) was the independent variable and carapace length 

(CL) and total weight (TW) were the dependent variables. These relationships were performed 

separately for both sexes, as well as for pooled sexes. Regressions were adjusted by the least-

squares method, with a confidence level of 95% (Sokal & Rohlf, 1987). The relationship 

between the TL and CL was performed by linear regression: 

 

 (CL = a+bTL)……………………………………………………………………………. 1 

Where: 

 a = is the intercept and 

 b = is the coefficient of allometry (positive allometric growth when b > 1, negative allometric 

when b< 1 and isometric growth when b = 1).  

To evaluate the relationship between the total length (TL) and total weight (TW) of shrimps, a 

potential regression equation as stated below was used: 

TW = aTLb …………………………………………………………………………………..2 

Where: 

TW = weight of shrimp in grams (g),  

L = Total Length of shrimp in millimeter (mm),  

a = regression constant,  

b = the coefficient of allometry (positive allometric growth when b>3.0, negative allometric 

when b<3.0 and isometric growth when b= 3 

The values of intercept ‘a’ and growth coefficient ‘b’ were given a logarithm transformation 

according to the following formula given by Pauly and Navaluna (1983). 

 

Log W = log a + blog L ……………………………………………………………………3 

 



 
 J. E. Ukpat  AJAFS 5 (2021) 25 -42 

 

29 
 

100W 

s.d(x) 1b –31 

s.d(y)   √1–r² .n –2 

L3 

The values of a, b, and the correlation coefficient (r) were obtained using the FiSAT II computer 

based software. The dependence of weight on length was tested at p < 0.05 significant levels 

and the confidence limit for the regression coefficient were established at 95% confidence 

interval.  

The exponent (b) of the length- weight relationship was tested for departure from isometry (i.e. 

b = 3) b value differs from 3 significantly, using a t-statistic function given in Pauly (1984) as 

follows:  

 

ts =                                  ……………………………………………………………………4 

 

where:  

s.d (x)= is the standard deviation of Log L and  

s.d (y)= is the standard deviation of Log W values,  

n = the number of shrimps used in the computation,  

b = the estimated exponent of the LWR and  

r2 = the coefficient of determination of the relationship.  

The value of b is different from 3 if t – calculated is greater than the table value of t for the 

degree of freedom n – 2 (Pauly, 1984). The coefficient of determination (r2) was used as an 

indicator of the quality of the linear regression. Additionally, 95% confidence limits of the 

parameters ‘a’ and ‘b’ and the statistical significance level of r2 (P < 0.05, 0.01) were estimated 

using SPSS computer software. 

 

2.5 Determination of Condition Factor (CF) 

Condition factor was calculated based on Gayanilo and Pauly (1997) equation: 

K =                                          ……………………………………………………….......5 

Where: 

 K = condition factor,  

 W = weight of the fish in grams (g) 

 L = the observed total length for each specimen.  

The condition factor is useful for investigating effects of season, habitat, sex and size 

differences in P. monodon. 
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3.0 Results 

3.1 Length Frequency Distribution and Sex Differentiation 

The length frequency distribution analysis was done by collating the morphometric data 

(length) of specimens categorized in different categories according to size structure and the 

result is shown in Figure 2. The results of biometric analyses revealed the population structure 

of 91 males, 112 females and 203 pooled populations. The sex ratio showed sexual inequality 

(0.82:1 ratio) in favour of female. Percentage distribution showed 45% male: 55% female.  The 

t-test for both sexes indicated that the ratio of males to females was significantly different from 

the theoretical 1:1 ratio.  

3.2 Size and Sex Distribution  

The results of biometric analyses including lengths and weights of 91 males, 112 females and 

203 pooled populations showed 116.25-224.08 (189.76±10.06) mm, 124.38-257.56 

(197.22±12.78) mm and 116.25-257.56 (194.06±7.85) mm range of length. The largest female 

was 33.48 mm TL greater than the male. The weight ranged from 15.16- 92.78 (67.62±7.71) 

g, 27.81-137.67 (78.69±16.41) g and 15.16-137.67 (65.39±8.15) g for male, female and pooled 

samples (Table 1). The biomass distribution showed that an average female shrimp caught had 

larger weight structure than the male. The size structure of shrimp population showed sexual 

dimorphism where females were significantly larger than males (p < 0.05).  

3.3 Growth Coefficient (b) 

The growth coefficients (b) for male, female and pooled specimens are recorded in Table 1. 

The mean value of (b) was less than the theoretical cubic value of 3.0. The growth pattern of 

shrimp species indicated negative allometric growth (b < 3) meaning that those shrimps were 

becoming slender as they increased in length and showed dimensional inequality in their 

growth pattern. Length-weight graphs for both sexes of tiger shrimp, P. monodon are displayed 

in Figure 3. The results in Table 1 revealed strong association between length and weight with 

high R2 coefficient of determination.  

3.4 Condition Factor 

The results revealed variations in condition factor for male and female specimens meaning that 

the condition factors obtained were sex biased. The values of welfare condition (K) were 0.98 

for male, 0.99 for female and 0.95 for pooled population which were very close to one (1). This 

revealed a poor welfare condition for the tiger shrimp, Penaeus monodon in Okoro River 

Estuary, Southeastern Nigeria. The condition factor (K) of Penaeus monodon by size category 

showed K-values for recruits > sexually mature fish > Aged fish (Figure 4). The K values 

decreased with size of Penaeus monodon. The recruits (< 59 − 109mm mid − class) had 

better and higher condition factor than the sexually mature shrimp (110-209, mid-class) and 

larger fish (aged) > 209 -259, mid class respectively (Figure 4).  
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Figure 2. Length frequency distribution of tiger shrimps 
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Figure 3 (a) Length-weight relationship of the male population of tiger shrimp, P. 

monodon  

 

0.75

0.8

0.85

0.9

0.95

1

>59 60-109 110-159 160-209 210-259

A
b

u
n

d
an

ce

Length groups



 
 J. E. Ukpat  AJAFS 5 (2021) 25 -42 

 

32 
 

 

 

Figure 3 (b) Length-weight relationship of the female population of tiger shrimp, P. 

monodon 

 

 

 

 

Figure 4. Condition factor (K) of different sexes and pooled population of tiger shrimp 
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Table 1. Parameters of Length-weight relationship of tiger shrimp in Okoro river estuary (2018-2019) (Pooled data) 

Sex 

 

N MTL(mm) 

(Min – Max) 

MCL(mm) 

(Min– Max) 

MTW(g) 

(Min – Max)  

a b Growth Pattern K R2 P-value 

t-test 

Male 112 189.76± 

10.06 
(116.25-222.05) 

83.6 ± 11.35 

(52.25-109.35) 

  

67.62 ± 7.71 
(15.16 -92.78) 

 

0.000044 

 

2.59 (-)Allometric 0.98 0.798 t=10.195, 

p= 0.001 

Female 91 197.22± 

12.78 
(124.38-257.56) 

85.22 ± 2.88 
(65.9- 96.85)  

78.69 ± 16.41 
(27.81-137.67) 

  

0.0000051 2.99 (-)Allometric  0.99 0.993 t=12.704. 

p=0.001 

Pooled 203 194.06 ± 7.85 
(116.25-257.56)  

84.71± 3.81 
(52.25- 109.35)  

65.39 ± 8.15 
(15.16-137.67) 

 

0.0000094 2.71 (-)Allometric 0.95 0.679 t= 10.69. 

p=0.001 

 

Key: Min=minimum, Max=maximum 

Sex ratio: Male= 45%, Female = 55%, *=significant level 
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Table 2. Population structure and growth parameters for P. monodon from different localities (1990-2020)  

TL TW B K Locality Source 

209mm (M) 

239mm (F) 

   Godavary estuary Laltha, (1990) 

  2.97 (P)  Buguma Creek, Niger Delta, Nigeria Yakubu & Ansa (2007) 

 35.29g (M) 

36.86g (F) 

2.4 (M) 

2.6 (F) 

 Pichavaran Mangrove Thailand Gopalakrishnan (2013) 

  2.51 (P)  Coastal waters of Ondo State, Nigeria Olawusi-Peter  

et al. (2014) 

  2.34-2.57 (P)  Odisha creek Mohanty et al. (2015) 

190.67±10.09 

(113.25-222.05) (M) 

195.22±24.78 

(121.35-251.15) (F) 

192.09±9.90 

(113-25-251.15) (P) 

61.62±6.49 

(27.0-90.73) (M) 

 

73.69±23.23 

(13.18-128.76) (F) 

 

65.39±8.15 

(13.18-128.76) (P) 

2.102 (M) 

3.093(F) 

2.597 (P) 

 

0.88 (M) 

0.99 (F) 

0.92 (P) 

Iko River, Southeastern Nigeria Udoinyang et al. (2016) 

   0.92-1.09 Maharashtra river Mane et al. (2019) 

15.01±0.098 (M) 

(8.0-18.5cm)  

15.42±0.01(F) 

(9.0-19.4cm) 

15.25±0.07 (P) 

(8.0-19.4 cm) 

30.34±0.04 (M) 

32.77±0.54 (F) 

31.66±0.36 (P) 

2.477(M) 

2.62 (F) 

2.55(P) 

0.537-1.64 (M) 

0.455-1.66 (F) 

0.455-1.66 (P) 

Gujarat India Solanki et al.(2020) 

189.76±10.06 

(116.25-224.08 mm) M 

197.22±12.78 

(124.38-257.56 mm )F 

194.06±7.85 

(116.25-257.56 mm)P 

67.62±7.71 

(15.16-92.78 gm) M 

78.69±16.41 

(27.81-137.67)gm F 

65.39±8.15 

(15.16-137.67)P 

 

2.57 M 

2.99 F 

2.71 P 

0.98 M 

0.99 F 

0.95 P 

Okoro River estuary, Southeastern Nigeria This study 

Key: M=male, F=female, P=pooled, TL=total Length, TW=total weight, b= growth coefficient   k=condition factor
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4.0 Discussion 

The results of this study showed sexual dimorphism in growth with larger sizes and faster 

growth rates in female compared to male. Additionally, the females far outnumber the males 

and showed inequality in sex distribution pattern of 0.82:1. This is like the report of Arame, et 

al; 2020. Sex ratios in shrimps is expressed as males/females in numbers and are rarely close 

or equal to the generally considered normal 1:1 ratio. The deviation from hypothetical sex ratio 

of 1:1 has been reported by other authors such as Nagamine & Knight (1980); Mossolin & 

Bueno (2003); Fransozo et al. (2004) and Amani et al; 2015. 

The heavy population structure and sexual discrimination in favour of female recorded in this 

study is also similar to other reports. Subramanian (2000) revealed that females 

Parapenaeopsis maxillipedo were heavier than males and the sexual disparity of weight also 

increased progressively with increasing size. Besides, Teikwa & Mgaya (2003) recorded in the 

coastal waters of Bagamoyo in Tanzania a total of 637 sexed specimens of F. indicus, of which 

392 were females and 245 were males, giving a sex ratio of 0.625:1 in favour of females. 

Rodrigo et al. (2005) revealed that out of 19065 specimens of Xiphopenaeus kroyeri obtained 

from the littoral waters of São Paulo, Brazil, a total of 8833 (46.33%) were males, 10232 

(53.37%) were females.  In a related study by Franco et al. (2006) at Maputo Bay in 

Mozambique, sexual dimorphism was confirmed by a larger size and faster growth rates of 

females. The overall length-weight relationship in favour of female was recorded by Alexis et 

al. (2005) for P. kerathurus in the East Ionian Sea (Western Greece).  Turkmen and Yilmazyerli 

(2006) report on M. kerathurus from Gulluk  Bay (Aegean sea) showed that  1050 specimens 

were obtained, 612 (58.3%) were females and 438 (41.7%) were males. Turkmen et al. (2007) 

obtained a total of 700 specimens of M. kerathurus from Gulluk Bay (Aegean Sea) with 414 

(59.1 %) being females, 286 (40.9 %) males. Amani et al; 2015 reported that the total number 

of A. indicus collected from the coastal water of Malaysia between February 2005 and January 

2006 were 1628 (33.22%) for males and 3272 (66.78%) for females.  Olele et al. (2012) 

reported that out of 338 specimens of Macrobrachium vollenhovenii examined between March 

and November 2011 in Warri River, the male specimens accounted for 31.0 % while the female 

specimens accounted for 69.0 %. This study concluded that there were more females than males 

in the population of the P. monodon in the Okoro River estuary and probably this allowed for 

continuous replacement. Nevertheless, the scarcity of males could be attributed to the fact that 

since mating is not taking place in the estuary, the better number of mature males ultimately 

endure in the sea to meet with the female counterpart, thus causing sex zonation of shrimp P. 

monodon in the study area.  

Contrarily, other authors recorded ascendancy of males over the females’ shrimps from 

different localities.  Sarada (2002) recorded dominance of males for Parapenaeopsis stylifera 

at Calicut, India . Kevrekidis and Thessalou-Legaki (2006) recorded 14,885 individuals of P. 

kerathurus with 7206 female and 7279 male from Aegean Sea (trawl fishery). The overall sex 

ratio was found to be 1:0.46, (Males: Females) of the Sergestid shrimp (Acets japonicas) in 

coastal waters of Klebandg Besar, Malacca Peninsular, Malaysia by Amani et al. (2015). 

Investigation made by Mehanna et al. (2012) on the sex composition and dominance of the P. 

semisulcatus in Arabian Sea, Sultanate of Oman was in favour of male. The domination of 

males in other localities may be due to several factors: the bigger size and market demand for 

the females; availability of the females at near shore due to their breeding pattern and 

overexploitation of the females for aquaculture ventures.  

The highest lengths (Lmax) of P. monodon recorded in this study were 224.08 mm TL (male) 

and 257.56 mm TL (female). These are higher than the lengths of same species from other 
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localities. Lalitha (1990) reported the length of males and females of P. mondon to be 209 and 

239 mm from the Godavary estuary, which is even lower than the length obtained in this study. 

The values obtained in this study are higher than the  maximum lengths of 222.05mm TL (male) 

and 251.15mmTL reported by Udoinyang et al (2016) for P. monodon from Iko River, 

southeastern Nigeria and equally higher than the maximum lengths of 185mm TL (male) and 

194 mmTL (female) recorded by   Solanki et al (2020) for P. monodon from Gujarat, India. 

Also, the largest female of P. monodon recorded in this study was 33.48 mm TL greater than 

the male where females were significantly larger than males (p < 0.05). This is in accordance 

with the report of Rodrigo et al. (2005) and Semensato & Di Beneditto (2008) who investigated 

carapace length - weight relationship of Artemesia longinaris and reported size differentiation 

in both sexes where females were larger and heavier than males. 

The maximum weights of both sexes of P. monodon, 92.78g (male) and 137.67g (female) 

recorded in this study are far higher than the total weight of 35.29g male, and 36.85g female 

recorded by Gopalakrishnan et al. (2013) for P. monodon from Pichavaram mangroves 

(Thailand). They are equally higher than the maximum lengths of 90.73g (male) and 128.76g 

reported by Udoinyang et al (2016) for P. monodon from Iko River, Southeastern Nigeria. The 

mean weight of P. monodon recorded in this study was also higher than the mean weight of 

30.34±0.04 (male) and 32.77±0.54 (female) recorded by   Solanki et al (2020) for P. monodon 

from Gujarat, India. The length and weight for P. monodon recorded in this study which was 

comparatively higher than values from other localities could mean that anthropogenic 

perturbation, bioturbation and exploitation were not too severe in the study area.  

The values obtained from the length-weight relationship (LWR) of the studied shrimps showed 

that there was a high and significant correlation between the length and weight for both the 

species, indicating a strong association between length and weight. The high coefficient of 

determination (R2> 0.5) was also indicated that the model used for the analysis fits the data, 

confirming the fitness of the model. It therefore means that as the length of the shrimp surges, 

the weight increases in the same proportion. The a-value showed high heterogeneity among the 

species. The correlation coefficient (r) was less prominent for males (0.7984) than females 

(0.9935). This is different from other reports. For instance, Olele et al. (2012) result on the 

regression coefficient ‘r’ for length - weight relationship of M. vollenhovenii was less 

significant for females (0.644) than males (0.901). Amani et al. (2015) report the regression 

co-efficient (r2) values for female (0.786) and male (0.81) for P. sculptilis in the Coastal Waters 

of Perak, Peninsular Malaysia. 

The growth coefficients (b) obtained in this study were 2.59 (male), 2.99 (female) and 2.71 

(pooled) sample. The b values therefore mean they were very near to the isometric value (b = 

3). However, P. monodon completely displayed a negative allometric growth pattern for both 

sexes and combined sample, indicating that the shrimps get moderately thinner as they grow 

larger. This was in agreement with the findings of Enin (1994) on N. hastatus from Cross River 

estuary; Yakub & Ansa (2007) for P. monodon from Buguma creek Niger Delta, Nigeria; 

Kizhakudan and  Deshmukh (2009) for N. tenuipes from Saurastra coast of India; Udoinyang 

et al (2016) for P. monodon from Iko River, southeastern Nigeria and Solanki et al (2020) for 

P. monodon from Gujarat, India who also obtained negative allometric growth pattern for both 

sexes the pooled sample of shrimp species .  It is worth noting that deviation from isometric 

growth is often observed, as most animals change their body shape as they grow allometrically. 

Similarly, according to Paul (1984) the characteristic of the length-weight relationship in fishes 

and invertebrates is that the value of the exponent (b) is 3 when growth in weight is isometric. 

However, Solanki et al (2020) provides an estimate on this situation, indicating that allometric 

growth is negative (b<3) if the fish gets relatively thinner as it grows larger, and positive (b>3) 
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if it gets plumber as it grows. In addition, Thomas et al. (2003) stated that the regression 

coefficient of 3 for  an ideal fish or other aquatic fauna is indicative of maintenance of 

dimensional equality as the organism grows isometrically, adding that absolute isometric 

growth (b=3) in nature is occasional. Thomas et al. (2003) further gave an insight into 

Gayanilo’s position that the growth coefficient b value of less than 3 shows that as the organism 

increases in length, it becomes more slender (negative allometric growth) while value of greater 

than 3 denotes positive allometric growth, i.e. a situation whereby the organism becomes more 

robust as it increases in length.  

Similar negative allometric growths were also obtained for other species of the same genus. 

For instance, Kirkegaard and Walker (1970) showed that the exponent ‘b’ for females was 2.95 

and 2.94 for males, indicating a negative allometric growth for P. sculptilis in Australian 

waters. Fatima (2001) in P. sculptilis from Korangi Fish Harbour, Karachi, obtained a negative 

allometric growth (b = 2.55). 

In addition, Masitah & Chong (2002) reported that the combined sexes of P. sculptilis exhibited 

a negative allometric growth (b = 2.52) from Selangor waters. The computed growth coefficient 

(b) documented by Reza et al. (2010) for P monodon raised in artificial sea water was 2.9692. 

The differences in the growth coefficient may be due to sex, maturity, environmental conditions 

(e.g. pollution) and individual condition factor as it relates to the well-being and degree of 

fatness. Amani et al. (2015) reported that the estimated relative growth coefficient (b) for P. 

sculptilis in the Coastal Waters of Perak, Peninsular Malaysia, was 2.80 for both sexes, 

indicating a negative allometric growth pattern.  The morphometric structure of male was 

significantly different from that of the female shrimp (p<0.05). This is similar to the results 

presented by McCoy (1968) for both sexes of pink shrimp from North Corolina. However, 

Teikwa and Mgaya (2003) observed from Bagamoyo Coastal Waters, Tanzania, that regression 

coefficient of male and female F. indicus were not significantly different.   

The value of regression coefficient (b) was < 3.0 that shows negative allometric growth of the 

studied population but was not significantly different from isometric growth of b=3. This is 

similar to other reports. For instance, the estimated ‘b’ values of 2.92 for P. notialis from 

Buguma creek in Niger Delta reported by Yakubu & Ansa (2007) tend to indicate negative 

allometric growth of both species but not significantly different from isometric growth (b=3, p 

>0.05).  Many researchers such as Garcia (1985); Enin (1994); Primavera et al. (1998); Deekae 

and Abowei(2010) had reported on the insignificant  differences in the growth coefficient (b)  

among sexes and species for both wild and cultured populations of penaeid shrimps.  

Condition factor (K) is an index reflecting interactions between biotic and abiotic factors in the 

physiological condition of the shrimps. It shows the overall well-being of the population during 

various life cycle stages and assessments of shrimp condition based on weight at a given length 

are thought to be reliable indicators of the energetic condition or energy reserve in fish and 

shellfish (Lambert & Dutil,1997; Primavera et al; 1998). It varies with sex, stage of maturity 

and time of the year (Pauly, 1984). 

Thus, the values of welfare condition (K) were 0.98 for male, 0.99 for female and 0.95 for 

pooled population which were very close to one (1). The condition factor for male and female 

specimens in this study showed variation between sexes and revealed that the tiger shrimp, 

Penaeus monodon in Okoro River Estuary, southeastern Nigeria were not in good welfare 

condition (K< 1). The biological interactions experienced from intra-species competition for 

scarce food and space were probably the reasons for low values in condition factor in the 

present study. The condition factors (K) recorded in this study were closer to the values 

reported by Udoinyang et al (2016) for P. monodon from Iko River, Southeastern Nigeria but 
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lower than the values recorded by   Solanki et al (2020) for P. monodon from Gujarat, India 

(Table 2). 

However, females had higher condition factor than males. This observation was in agreement 

with the reports of earlier researchers (Inyang 1981, Marioghae 1982; Zar, 1984; Hla & Ohtomi 

2005; Murphy & Austin 2005), who reported differences in the wellbeing of the sexes.  

Documentations made by Turkmen et al. (2007) for P. kerathurus in Aegean Sea; Olele et al. 

(2012) for M. vollenhovenii in Warri River, Gopalakrishnan et al. (2013) for P. monodon in 

Pichavaram mangroves (Thailand) confirmed that females had higher condition factor than 

males. The differences in condition factor in respect to sex could reflect feeding condition and 

energy dispersion in different sexes of P. monodon.  

Condition factor is an indicator to fish welfare in their habitat (Gomiero & Braga, 2005). It is 

represented by letter K, after the fish is measured and weighed. The ‘K’ value can be basically 

and directly interpreted as ‘the higher the value, the better the condition of the fish (Weatherly 

and Gill, 1987). The condition factor of P. monodon in Okoro River  estuary decreases as the 

fish increases in size. Thus, the size of the fish is a determining dynamic or an exponential 

index of condition factor. This is similar to the report of Arame, et al (2020) on the condition 

factors of Mochokidae (Pisces: Teleostei: Silurifumes) from Niger River, Northern Benin, 

Nigeria. According to Oni et al (1983), condition factor is not constant for a species or 

population over a time interval and might be influenced by size structures, biotic and abiotic 

factors, and state of gonad development, feeding regimes and seasonal fluctuation in 

environmental condition. The lower K value for this studied shrimp due to adverse 

environmental factors was also asserted (Anene, 2005). In fish, condition factor (K) reflects 

through its variations, information on the physiological state of the fish in relation to its welfare, 

based on the hypothesis that heavier fish of a given length are in better condition (Bagenel & 

Tesch, 1978).  However, the lower K value for this studied shrimp could be as a result of 

adverse environmental and anthropogenic activities in Okoro River estuary which had 

culminated into poor welfare condition of the tiger shrimp. 

 

5.0 Conclusion 

The findings of this study revealed that the biometric structure and population of female tiger 

shrimp, Penaeus monodon were significantly higher than that of the male counterpart.  The 

females are candidates for aquaculture venture because of their bigger size structure that would 

attract market value. However, P. monodon in Okoro River estuary, southern Nigeria are not 

in good welfare condition, and this calls for a good management option.  
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