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Abstract
This study examined the parameters of the growth, mortality, and exploitation of endangered ladyfish (Elops lacerta) in the
Obuama Creek, Rivers State, Nigeria. Fish samples were collected monthly from the local fishermen using various fishing gears
(gillnet, cast net and local traps). The samples were identified individually with fish identification keys and online guides. The
von Bertalanffy’s growth equation was used to examine growth parameters, the length-weight relationship (L.W.R.), and the
condition factor and FiSAT II for fish exploitation ratio, mortality parameters, and relative yield per recruit of Elops lacerta. The
correlation value (r) was estimated as 0.736 with regression equation Log W=0.0216 +2.53logL indicating a negative allometric
growth pattern. A mean condition factor “k” value was 0.83±0.32, indicating that the species was not in a perfect state of wellbeing. The growth parameters revealed that E. lacerta had an asymptotic length (L) of 30.13cm, a growth coefficient (k) of 1.1/
yr. and the growth performance index (Ø) was 3.00. The total mortality (Z), natural (M) and fishing mortality rates (F) were 2.18,
1.93, and 0.25 per year, respectively. The length at first capture (L50) was 21.24cm and the yield per recruit reached a maximum
at an exploitation rate (Emax) of 0.42. The length at first capture (Lc) estimated in this study showed that these species were
dominated by small sizes Natural mortality was greater than the fishing mortality while exploitation
rate (E) was less than 0.5, the species exhibited a negative allometric growth pattern. The results of this study also confirm that
the stock of E. lacerta in the Creek is underexploited. However, E. lacerta stock may be unsustainable when fishery intensifies to
meet consumers’ demand unless proper action is taken to manage the stocks.
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1. Introduction
West African ladyfish Elops lacerta or ten-pounder, a
member of the Family Elopidae (FAO, 1990), found in
estuaries and coastal waters in the tropical and subtropical
seas. Its juveniles have been found in marine and brackish
environments. and freshwater off Lagos Coast, Lagos, and
Lekki Lagoons in Nigeria (Ugwumba, 1984). The
distribution of fish in the sea is related to certain physical
and chemical parameters of the water (Hadzley, 1997).
The fish reproduces in the sea, and the larvae disperse
into estuarine environments that are declining
and deteriorating in quality. The majority of ladyfish are
now facing severe challenges as a result of
anthropogenically induced habitat loss and changes,
rendering them vulnerable to habitat destruction as well
as overfishing. Biological data on fish in estuarine
environments is lacking, despite a recent call for their
protection. (Adams et al., 2013). Biological data on fish
in estuarine environments is lacking despite a recent call
for their protection (Adams et al., 2013).According to
Adams et al. (2013), little is known about this species
and the habitats upon which the fisheries it supports
depends. Also, because of their low economic status,
ladyfish is an example of a fish species that has undergone
little study worldwide. (Levesque, 2010). This species uses
estuarine areas and hypersaline lagoons; changes in the
quality of these habitats may affect this species’ population
dynamic. Although this species may not be closely
associated with any single habitat, it may be adversely

affected by development and urbanisation. Fluctuations
in fishing resources and production have been generally
described by density-dependent methods and the effects
of harvesting on fishing (Dwivedi, 2009). Fishing not only
reduces ûsh stocks, but excessive ûshing pressure can also
cause the collapse of ûsh populations and destabilisation
of the ecosystem (Gislason et al., 2000; Hutchings, 2000).
Due to the high demand for freshwater fish, several sorts
of illegal, limited, and small mesh size gears have been
erected on various rivers around the country,
which caused the indiscriminate killing of all aquatic species.
For stock assessment, studies on age, growth, death
rate, and exploitation rate are essential (Dulcic et al.,
2007). The growth characteristics and death rate are key
tools for determining the extent to which pelagic species
are exploited (Cadima, 2000). Fish stock evaluation, on
the other hand, should be done for each stock
independently because one of the most important
characteristics of a stock is that its population parameters
remain consistent throughout its distribution range
(Kamukuru et al., 2005; Wang and Liu, 2006). Lengthweight connections are useful in fisheries research because
they allow for the conversion of growth in a length
equation assessment model, the determination of biomass
from length observations, and the calculation of the fish’s
condition. They are also valuable for comparing the life
histories of different species across areas. (Moutopoulos
and Stegious, 2000). Overfishing and poor management
of Nigeria’s coastal waters have resulted in a drop in fish
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from the catch fishery. For sustainability of fishing
resources, documentation of the occurrences, distribution
and condition of the fish species are important. Against
this background, the growth parameters and exploitation
rate of Elops lacerta were carried out in Obuama Creek.
2. Materials and Methods
2.1. Study Area
The study was carried out at Obuama Creek, Nigeria,
covering two stations, station 1 (04°48’04'’N;
06°46’65'’E) and station 2 (04°48’03'’N; 06°46’23'’E).
The Obuama Creek is an important tributary of the
Sombriero River. East of the Orashi River is the Sombreiro
River. It rises from the Niger River, travels south into the
Niger Delta Basin, and empties into the Atlantic Ocean.
The Obu-Ama Creek is located in the obuama community
(Harris town) in Degema Local Government Rivers State.
The Obuama Creek is a brackish water environment
with different vegetation red (Rhizophora mangle ) and
white mangroves (Avicenia spp) (Fig. 1).
2.2. Data Collection
Fish samples were collected from the local fishers
immediately after landing using various fishing gear types
like gillnet, cast net and local traps (nets of different mesh
sizes). The samples were also collected from two major
landing sites in Obuama Creek.
The samples were identified individually with fish
identification keys and online guides (Adesulu and
Sydenham, 2007; Babatunde and Aminu, 2013). Fish
samples were then preserved in a plastic carrier containing
enough ice and taken to the laboratory for further analysis.
The total count was estimated, and the fish were sorted
into sizes. The total length (T.L.) in cm, standard length

(S.L.) in cm, girth as well as weight (measured in grams)
were obtained. Some snapshots were taken to capture their
physical features.
2.3. Data Analysis
The length-weight connection, condition factor,
exploitation, and recruitment were statistically analysed
using FiSAT II (FAO-ICLARM Stock Assessment Tools)
as detailed in detail by (Gayanilo et al., 2005). The
analytical methods used include
Length – Weight Relationship (L.W.R.): W= aLb
equation was used to calculate the length-weight
relationship (Ricker, 1973),
Where W is the total body weight of the fish(g);
L is the total length(cm)
a is the intercept of the regression curve and
b is the regression coefficient. a and b values were
estimated by the least square method.
Condition factor: The condition factor (K), which refers
to the degree of well being of a fish, was recorded. The
condition factor was calculated using the formula.
K = 100×

W
L3

Where K = condition factor, W = body weight in grams
and L = total length in centimeters.
Fulton’s condition factor (K.F.): This was calculated using
the equation
W
K.F. = 100× L3
Where W= total body weight (Bw,g) L= total length
(TL,cm)
Growth Parameters: According to the equation, the von
Bertalanffy growth equation was applied to investigate
growth in length and weight for Elops lacerta according
to the equation: Lt = L (1 – e-k(t-to)). Von Bertalanffy’s

Fig. 1. Map of Obuama Creek, Nigeria showing the sampling sites
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growth parameters Land K were computed by ELEFAN1 (Electronic Length Frequency Analysis)( Beverton and
Holt, 1966).
Growth Performance Index (Ø): The growth
performance index was computed according to the formula
of Pauly and Munro (1984) as follows:
Ø = Log10 K + 2 Log10 L
where: Ø = Phiprime, i.e. a length-based index of growth
performance
Mortality Parameters (Z, M, F): Total mortality
coefficient (Z) was estimated using the methods of Jones
and Van Zalinge (1981), Pauly (1983) and Hoenig and
Lawing (1982). The natural mortality coefficient (M) was
estimated according to Taylor (1960), Ursin (1967),
Rikhter and Efanovs Empirical Model (1976) and Pauly
(1980). According to the equation: F = Z - M., the
geometric means for calculating Z and M are then used to
estimate the fishing mortality coefficient (F).
Exploitation Ratio (E): The recommended method was
used to calculate the exploitation ratio (i.e. the percentage
of deaths caused by fishing). by Gulland (1971) using:
E = F / Z.
Probability Length at first capture (L50):
Probability of capture against mid-length a resultant
curve was used to compute the length at first capture
(Lc50). The length at first maturity (Lm50) was estimated
as Lm50 = (2 * L)/ 3 (Hoggarth et al., 2006)
Relative Yield per Recruit (Y/R): Relative yield per
recruit (Y/R) was estimated using the model of Beverton
and Holt (1966) as modified by Pauly and Soriano (1986)
and incorporated in the FiSAT software package, as
follows:

(Y/R)’ = E U M/K [1 - (3U/1+m) + (3U2/1+2m) (U3/1+3m)]
Where: m = (1-E)/(M/K) = (K/Z); U = 1 - (Lc/L).
3. Results
Table 1 showed the mean weight estimated was
70.12±21.14g, total length was 20.81±3.45cm, while the
forked length and standard lengths were 16.67±2.81cm
and 17.79±2.89cm, respectively. The length-weight
relationship results revealed an exponent of (b) values of
2.53 and the coefficient of determination (r 2) of 0.736
(Table 2). The condition factor ranged from 0.36 to 2.20,
and the mean value for condition factor (K) recorded was
0.83±0.32 (Table 3). The growth parameters
estimated for E. lacerta using the length-frequency data
revealed the best fit for L=30.13cm and k=1.1 per year while
growth performance (Ø) was estimated as 3.00. The total
mortality (Z) of E. lacerta estimated by the length
converted catch curve was 2.18 (Table 4). The natural
mortality (M/year) as per Pauly’s empirical formula
was found to be 1.93. The estimated fishing
mortality (Z-M=F) stood at 0.25, as shown in Table 4. The
logistic regression of the probability of capture routine
values recorded for E.lacerta in Fig 4. The estimated L50
was 21.24 cm. The L25 was calculated as 19.36 cm,
while L75 was 23.12cm. The Beverton Holtrelative
yield per recruit (Y’/R) and relative biomass
per recruit (B’/R) were estimated using the selective
Ogive procedure of FiSAT. The analysis indicated that
the exploitation
rate,
which
maximizes
yield per recruit, produced values of Emax =0.42; E10 =
0.36 and E50 = 0.28 for E. lacerta (Fig. 5).

Table 1. The range for Weight, Total length, Standard length and Forked
length including 95% CL for E. lacerta
Measurement
Weight (G)
Total Length (Cm)
Forked Length (Cm)
Standard Length (Cm)

N
216
216
216
216

Min
33
13
10
11

Max
165
27.5
23.5
24

Mean±SD
70.12±21.14
20.81±3.45
16.67±2.81
17.79±2.89

CL95%
67.29 - 72.96
20.35 - 21.27
16.29 - 17.04
17.40 - 18.18

Table 2. Length-weight relationship equation, the correlation coefficient for
E. lacerta
Fish species
N
Regression equation
Correlation coefficient
E. lacerta
216 Log W=0.0216 +2.53logL 0.736
Table 3. Condition Factor of Elops lacerta from Obuama Creek
Condition factor N
Min
Max Mean±SD
CL95%
KF
216 0.36
2.2
0.83±0.32
0.79 - 0.87
Table 4. Growth Parameters of Elops lacerta from Obuama Creek
Von Bertalanffy’s Growth parameters
Growth performance index (Ø)
Von Bertalanffy’s Growth parameters
Asymptotic length (L, cm)
Growth coefficient (k)
Total mortality (Z)
Fishing mortality (F)
Natural mortality (M)

E.lacerta
3
ELEFAN-I
30.13
1.1
2.18
0.25
1.93
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Fig. 2. Growth performance of Elops lacerta

4. Discussion

Fig. 3. Length-converted catch curves of the studied fish collected
from Obuama Creek

The total length of E. lacerta observed ranged from 13cm
to 27.5cm with a mean total length value of 20.81±345cm,
while the mean total weight recorded was 70.12±21.14g,
with a range of 33g to 165g. Igejongbo et al. (2018)
reported five growth categories of Elops lacerta viz., 10–
15 cm (Immature), 15–20cm (Resting), 20-25cm
(Maturing), 25-30cm (Ripe and Spawning) and 30 -35cm
(Spent). This is in agreement with the findings of this
study from the Obuama Creek. The results also corroborate
the findings of Abdul et al. (2015), who recorded a range
of 11cm-33cm for the total length of E. lacerta in Ogun
state coastal Estuary and Abdul et al. (2016) with a total
length range of 11.7cm-27.4cm.
The estimated b values of the regression for E. lacerta
exhibited a negative allometric growth pattern (b<3) for
this study (b = 2.53). Allen (1951) chose to keep the value
of the b exponent constant at 3.0 for optimal fish growth.
Tesch (1971) observed that the value of b remains constant

during a given life phase but that b varies depending on
environmental factors. Abdul et al. (2015) observed a
negative allometric growth for Elops lacerta at the Ogun
state coastal estuary (2.917). Lawson and Aguda (2010)
also observed a negative allometric growth exhibited by
the unsexed, male and female Elops lacerta at the Ologe
lagoon, Lagos (b=2.40, 2.75 and 2.27 respectively).
Lawson and Aguda (2010) further noted that the fish from
his study became lighter for its length as it grew. Adesulu
and Sydenham (2007) reported that condition
factor in fish is mainly affected by the amount of food in
the stomach and stage of egg development that will
affect the weight of the body. Then the weight of fish
is a function of condition factor in fish. The K factor of
Elops lacerta was less than 1. The low K indicates that
the fish are light for their length, which might be due to
low feeding intensity and spawning activity (Lawson and
Aguda, 2010). This low K value was also obtained for the
species across stations 1 and 2. Furthermore, the condition

Fig. 4. The probability capture curve showing the L25, L50 and
L75 of Elops lacerta from Obuama Creek

Fig. 5. Beverton and Holt'sHolt’s relative yield per recruit and
average biomass per recruit models, showing levels of yield
indices of Elops lacerta from Obuama Creek
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factor obtained ranged between 0.36 to 2.20. This variation
in condition factors in a population may be attributed to
sexual maturation and active spawning of the larger fish
(El-Agami, 1988). The condition factor obtained is similar
to that obtained by Lawson and Aguda (2010), which
ranged between 0.8 and 2.0 at the Ologe lagoon, Lagos,
and that of Abdul et al. (2015), which ranged between
0.649 and 1.14 on the same species at the Ogun state
coastal estuary.
Abobi and Ekau (2013) opted that the asymptotic length
(L) is the largest theoretical mean length that a fish could
attain in its natural habitat, assuming the fish grows
throughout its life. The growth curvature (K) is the rate
at which it grows towards this final size; (Etim et al.,
1999). The growth parameters in this study revealed that
Elops lacerta had an asymptotic length (L) of 30.13cm
and a growth coefficient (k) of 1.1/yr. These values indicate
that Elops lacerta grows at a fast rate. Abdul et al. (2015)
recorded a higher L value (38.33cm) but a lower value
of k (0.74/yr) for Elops lacerta in Ogun state coastal
estuary. The growth performance index of Elops lacerta
in this study 3.00. According to Baijot and Moreau (1997),
the Ø mean values for some important fishes in Africa
range of 2.65-3.32
The relative yield analysis showed that the exploitation
rate, which maximises yield per recruit, produced values
for Emax, E50, and E10 of 0.42, 0.28 and 0.36. Based on the
assumption that a stock is optimally exploited when F=M
or E=0.5 (Gulland, 1971). The results of the present study
indicate that the current exploitation rate is close to the
maximum level of 0.5. The species is therefore not overexploited in this creek. The probability of capture analysis
showed the values of L25 as 19.36cm, L50 as 21.24 cm and
L75 as 23.12 cm. The length at first capture (L50 = 21.24cm)
falls within the range of the total length of Elops lacerta
recorded in this study (13-27.5 cm). This implies that this
fish species is not over-exploited. The value of L 50

estimated in this study also shows that the smallest sizes
susceptible to the exploitation method are juvenile fishes.
Fish ageing (King, 1991), fish predation (Otobo, 1993),
environmental conditions (Chapman and Van Well, 1978),
parasites and diseases (Landau, 1979), and fishing
activities are some of the reasons for fish death (King,
1991). The total mortality (Z), natural mortality (M/year),
fishing mortality (F), and exploitation ratio (E) of E.
lacerta were found to be 2.18, 1,93, 0.25 and 0.11.
Therefore, the species of study is not over-exploited since
the natural mortality (M= 1.93) is greater than the fishing
mortality (F=0.25). Furthermore, Gulland (1971) assumed
that a stock is optimally exploited when F=M or
E=0.5. Comparing the optimum E value with the E value
obtained from this study shows that E. lacerta is not overly
exploited in the Obuama creek. The fact that samples were
dominated by small-sized specimens implies management
measures such as size-limit regulation by gradually
increasing fishing gear mesh size (Sossoukpe et al.,
2016).
5. Conclusion
The present study has provided information
on the growth and population of endangered Elops
lacerta that will help in the development of efficient
management and conservation strategies. The lengthweight relationship results revealed an exponent of (b)
values of 2.53 and the coefficient of determination (r 2)
of 0.736. The length at first capture (Lc) estimated
in this study showed that small sizes dominated the
se species. Natural mortality was greater than the
fishing mortality, while exploitation rate (E) was less than 0.5,
the species exhibited a negative allometric growth
pattern. E.lacerta in the Creek is underexploited.
However, unless sufficient effort is taken to control the
stocks, the stock may become unsustainable as the fishing
develops in the future to fulfil consumer demand.

6. References
Abdul, W. O., Omoniyi, I. T., Adekoya, E. O., Daniel, O. S and Olowe, O. S. 2015. Some Stock Parameters of Elops lacerta During
Estuarine Phase of Life History. Ife Journal of Science, 17(2): 28-32.
Abdul, W.O., Omoniyi, I.T., Adekoya, E.O., Adeosun, F.I, Odulate, O. O., Idowu, A.A., Olajide, A.E. And Olowe, O.S. 2016.
Length-Weight Relationship and Condition Factor of Some Commercial Fish Species in Ogun State Coastal Estuary, Nigeria.
Ife Journal of Agriculture, 28(1): 101-106
Abobi, S.M and Ekau, W. 2013.Growth, Mortalities and Exploitation Rates of Alestes baremoze (Joannis, 1835), Brycinus nurse
(Rüppell, 1832) and Schilbe intermedius (Rüppell 1832) from the lower reaches of the White Volta River (Yapei), Ghana.
Journal of Agriculture and Biodiversity Research, 2(1): 1-10.
Adams, Aaron J; Horodysky, Andrij Z; McBride, Richard S; Guindon, Kathryn; Shenker, Jonathan; MacDonald, Timothy C;
Harwell, Heather D; Ward, Rocky; Carpenter, Kent (2014). Global conservation status and research needs for tarpons
(Megalopidae), ladyfishes (Elopidae) and bonefishes (Albulidae). Fish and Fisheries, 15: 280–311.
doi:10.1111/faf.12017
Adesulu, E.A. and Sydenham. D.H.J. 2007.The Freshwater Fishes and Fisheries of Nigeria. Macmillan Publishers Ltd., Nigeria,
397pp
Allen, K.R. 1951.The Horokiwi Stream: A case study of a front population. New Zealand Marine Department Fisheries Bulletin,
10, 238pp
Anderson, O. R. Neumann, R. M. 1996. Length, weight and associated structural indices. In Nielsen, L. A., Johnson, D. L. (Eds.)
Fisheries Techniques. Bethesda, Amer. Fish. Soc., pp. 447–482.
Babatunde, D.O. and Aminu, R. 2013.Field guide to Nigerian Freshwater fishes. Remi Thomas Print,144pp
Baijot E, and Moreau, J. 1997. Biology and demographic status of the main fish species in the reservoirs of Burkina Faso.
Hydrological Aspects of Fisheries in Small Reservoirs in the Sahel Region. Technical Centre for Agricultural and Rural
Cooperation, Commission of the European Communities, Wageningen, Netherlands, pp: 79-109
Beckman, W. C. 1948. The length – weight relationship, factor for conversions between standards and total length and coefficient
of condition for seven Michigan fishes. Trans. Amer. Fish. Soc., 75: 273-256pp.

Journal of Aquatic Biology & Fisheries

96

Dienye et al.

Beverton, R. J. H., and Holt, S. J. 1996.Manual of methods for fish stock assessment. PartII.Tables of yield function. F.A.O.
Fisheries Technical Paper, 38(1), 67pp.
Cadima, E. 2000. Manual de avaliação de recursos pesqueiros. Documento técnico sobre as pescas. FAO Fish. tech. Pap., 393, pp.
10-125.
Chapman, D. W. and van Well, P. 2107. Growth and mortality of Stolothrissa tangenicae . Transactions of the American Fisheries
Society, 26-35..
Dulcic, J.; Matic-Skoko, S.; Paladin, A.; Kraljevic, M. 2007. Age, growth, and mortality of brown comber, Serranus
hepatus (Linnaeus, 1758) (Pisces: Serranidae), in the eastern Adriatic (Croatian coast). J. appl. Ichthyol., 23: 195-197.
Dwivedi, A.C. 2009. Ecological assessment of fishes and population dynamics of Labeo rohita (Hamilton), Tor tor (Hamilton) and
Labeo calbasu (Hamilton) in the Paisuni river. Aquaculture, 10(2): 249-259.
Ecoutin, J. M., and Albaret, J. J.,. 2003. Rélation longueur–poids pour 52 esp~ces de poissons des estuaires et lagunes de l’Afrique
de l’Ouest. Cybium, 27 (1): 3–9.
El- Agami, A.E. 1998. Age determination and growth studies of Gerves oyena (Forskhall 775) in Arabian Gulf waters. Mahasagar,
21 (1): 23 – 24.
Etim, L., Lebo, P.E. and King, R.P. 1999. The dynamics of an exploited population of a siluroid catfish (Schilbe intermidius ,
Reupell 1832) in the Cross River, Nigerian. Fisheries Research, 40: 295–307.
Food and Agriculture Organization 1990. Field Guide to the commercial Marine Research of the Gulf of Guinea.
Gayanilo, F. C., Sparre, P., and Pauly, D. 2005. FAOICLARM Stock Assessment Tools II (FiSAT II). User’s guide. F.A.O.
Computerized Information Series (Fisheries). No. 8, revised version, F.A.O., Rome, 168pp
Gislason, H., M. Sinclair, K. Sainsbury and O’Boyle, R. 2000. Symposium overview: incorporating ecosystem objectives within
ûsheries management. Ices Journal of Marine Science,57: 468–475.
Gulland, J. A. 1971. The fish resources of the Ocean. West Byfleet, Surrey, Fishing News, Ltd., F.A.O., 255 pp
Hadzley, H. 1997. Distribution and abundance of the selected fish species (Demersal fish) off the East coast of peninsula Malaysia.
Proceeding of Fisheries Research Department of Fisheries, pp. 50-71.
Hoenig, J. M. and Lawing, W. D.1982.. Estimating the total mortality rate using the maximum-order statistic for age. ICES C.M./
1982/D:7. 13pp.
Hoggarth, D. D., Abeyasekera, S., Arthur, R., Beddington, J. R., Burn, R. W., Halls, A. S., Kirkwood, G. P., McAllister, M.,
Medley, P., Mees, C. C., Pilling, G. M., Wakeford, R. and Welcomme, R. L. 2006. Stock assessment and fishery managementA framework guide to the FMSP stock assessment tools. FAO Fisheries Technical Paper No. 487, Rome, Italy, 261 pp.17.
Hutchings, J. A., 2000 Collapse and recovery of marine ûshes. Nature 406: 882–885.
Jones, R. and Van Zalinge, N. P. 1981. Estimates of mortality rate and population size for shrimp in Kuwait waters. Kuwait
Bulletin of Marine Science, 2: 273-288.
Kamukuru, A.T.; Hecht, T.; Mgaya, Y. D. 2005. Effects of exploitation on age, growth and mortality of the blackspot snapper, at
Mafia Island, Tanzania. Fish. Mgmt Ecol., 12: 45-55.
King, R.P.L. 1991. Some aspects of the reproductive strategy of Ilisha africana (Bloch, 1795) (Teleost, Clupeidae) in Qua Iboe
estuary, Nigeria. Cymbium, 15: 239-25.
Kwarfo-Apegyah K., Ofori-Danson, P.K. and Nunoo, F.K.E. 2009. Exploitation rates and management implications for the fisheries
of Bontanga Reservoir in the Northern region of Ghana.West African Journal of Applied Ecology, 14.
Landau, R. 1979. Fisheries biology, assessment and management. Fishing News Books, Blackwell Science, Osney Mead, Oxford
OX2 OEL, England, 341 pp.
Lawson, E. O. and Aguda, A. F. 2010. Growth patterns, diet composition and reproduction in the ten pounder, Elops lacerta from
Ologe lagoon, Lagos, Nigeria. Agric. Biol. J. N. Am., 1(5): 974-984.
Levesque J.C. 2014. Age and growth of juvenile ladyfish (Elops sp) in Tampa Bay, Florida, U.S.A. International Journal of
Fisheries and Aquatic Studies, 2(2):145–157.
McBride, R.S. MacDonald, T.C., Matheson, R.E., Rydene, D.A. and Hood, P.B. 2001. Nursery habitats for ladyfish, Elops saurus,
along salinity gradients in two Florida estuaries. Fishery Bulletin U.S., 99: 443–458.
Moutopolous, A.K and Stergious, K.I. 2000. Length-weight relationship for 40 species of the Aegean sea (Hellas). Journal of
Applied Ichthyology, 29 (2): 204.
Okon, M. U., Ukpata, J.E., and Udoh, J.P. 2017. Recruitment Pattern and Length-At-First-Capture Of The Silver Catfish Chrysichthys
nigrodigitatus Lacépède: Claroteidae In Lower Cross River, Southeast Nigeria. International Journal of Fisheries and
Aquaculture Research, 3 (2); 10-18.
Otobo, A. J. T. 1993. The ecology and fishery of the pygmy Herring, Sierrathensa loenensis (Thysvan Den Audenaerde, 1969) in
the Num River and Taylor Creek of the Niger Delta. Ph.D. thesis, University of Port Harcourt, 298 pp.
Pauly, D and Munro, J. L. 1984. Once more on the comparison of growth in fish and invertebrates. Int. Living Aqua. Res. Manag.
Fishbyte, 2 (1): 21.
Pauly, D. 1983. Length-converted catch curves. A powerful tool for fisheries research in the tropics. Part I. ICLARM Fishbyte, 1
(2): 9-13.
Pauly, D. 1980. A selection of simple method of assessment of tropical stock. F.A.O. Fish Circ., 729:15-44.
Pauly, D. and Soriano, M. L. 1986 Some practical extensions to Beverton and Holt’s relative yield per-recruit mode. In: Maclean,
J.L. Dizon, L.B., Hosillos. L.V. (Eds.)The First Asian Fisheries Forum, Asian Fisheries Society, Manila, Philippines, pp. 491496.
Ricker, W. E.1973. Linear regressions in ûshery research. Journal of Fisheries Research Board Canada, 30: 409–434.
Rikhter, V. A. and Efanov, V. N. 1976. On one of the approaches to the estimation of natural mortality of fish populations.
International Commission for the Northwest Atlantic fisheries Research. Document., 76/VI/8: 12 pp.
Sossoukpe, E., Djidohokpin, G. and Fiogbe, E.D. 2016. Demographic Parameters and Exploitation Rate of Sardinella maderensis
(Pisces; Lowe 1838) in the Nearshore Waters off Benin and Their Implication for Management and Conservation. International
Journal of Fisheries and Aquatic Studies, 4: 165-171.

Journal of Aquatic Biology & Fisheries

97

Growth Parameters and Exploitation of Endangered Lady Fish (Elops lacerta Valenciennes, 1847) in the Obuama Creek, Rivers State, Nigeria

Taylor, C. C. 1960.Temperature, growth and mortality – the pacific cockle. J. Cons. CIEM, 26: 117-124.
Tesch, F.W. 1971. Age and Growth. Fish production in freshwaters. Blackwell, Oxford. I.: W.E. Rickers (ed).pp 98 -130
Udoh, J.P. and Ukpatu, J.E. 2017. First estimates of growth, recruitment pattern and length-at-first-capture of Nematopalaemon
hastatus (Aurivillius, 1898) in Okoro River estuary, southeast Nigeria. AACL,Bioflux, 10(5); 1074-1084.
Ugwumba, O.A. 1984.The Biology of Ten-pounder Elops lacerta (Val) in freshwater, estuarine and marine environments. Ph.D.
Thesis, University of Lagos.
Ursin, E. 1967. A mathematical model of some aspects of fish growth, respiration and mortality. Journal of the Fisheries Research
Board of Canada., 24: 2355-2453.
Vörösmarty CJ, McIntyre PB, Gessner MO, Dudgeon D, Prusevich A, Green P, Glidden S, Bunn SE, Sullivan CA, Liermann CR,
Davies PM. Global threats to human water security and river biodiversity. Nature. 2010 Sep 30;467(7315):555-61. doi: 10.1038/
nature09440.
Wang, Y. and Liu, L. 2006. Estimation of natural mortality using statistical analysis of fisheries catch-at-age data. Fisheries
Review, 78: 342-351.

Journal of Aquatic Biology & Fisheries

98

