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Abstract
The present study is the first to study the population dynamics and management of the small tooth
emperor, Lethrinus microdon in the Egyptian sector of Red Sea. A total of 927 fish specimens were
monthly collected from the commercial catch of artisanal boats at different sites in the Egyptian Red Sea
during the fishing seasons 2014 and 2015. Results showed that, the longevity of L. microdon is 7 years in
the Egyptian Red Sea and age group one was the most frequent one forming up to 32% of the total catch.
The highest growth in length was observed at the end of the first year of life (24.95 cm) after which the
annual increment decreases gradually with increase in age. The “b” value (2.90) reflected the tendency to
be negative allometric growth. The length at first capture was 23.71 cm with corresponding age 0.93
year. The total, natural and fishing mortality were estimated as 1.04, 0.30 and 0.74 yr-1, respectively. The
exploitation ratio E was estimated at 0.71 indicating a high level of exploitation. The relative yield per
recruit analysis showed that the present level of exploitation is greatly higher than both Emax and E0.5
(0.55 & 0.32 respectively) and for management purposes, the exploitation rate should be reduced from
0.71 to 0.32 (55%) to maintain the spawning stock biomass.
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1. Introduction
Family Lethrinidae, which known as emperors, contains some of the most common and
economically important fish species. Emperor fishes are demersal and carnivorous feeders that
consume a wide range of prey including polychaetes, molluscs, echinoderms, crustaceans and
small fishes [1]. Emperors are of great economic importance in the Egyptian Red Sea where
they constitute up to 22% of the total artisanal catch achieving more than 150 million LE
annually. Due to the high prices and strong demand of emperors in the local and national
markets, the fishing pressure is rapidly increasing in recent years leading to their over
exploitation [2 - 10].
Although Lethrinid fishes are one of the most important components of the artisanal fishery
and wide spread in the Red Sea, the studies on their biology and dynamics are very rare. Of
about eight lethrinid species found in Egyptian Red Sea [8], Lethrinus microdon is very
common and important one. It is wide-spread in the Indo-west Pacific, inhabiting sandy areas
near coral reefs to depths around 80m. It caught mostly with hand-lines, traps, gill nets and
trawls. Lethrinus microdon was excellent food fish and marketed mostly fresh with good
prices.
In spite of the economic importance of Lethrinus microdon, there is no studies dealing with its
biology and dynamics in the Egyptian waters and the only previous works on it were those of
[2]
in Djibouti and [11] in Great Barrier Reef. Therefore, the present study is aimed to provide
information on the population dynamics and management of Lethrinus microdon in the
Egyptian coast of Red Sea.
2. Material and methods
2.1. Collection of Samples
A total of 927 of Lethrinus microdon were monthly collected from the commercial catch of
artisanal boats at different sites in the Red Sea (Al Tour, Suez, Hurghada, Shalateen and
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Abo-Ramad) (Fig. 1) during 2014 and 2015. In the laboratory,
the following data were recorded for each specimen: date of
capture, total length to the nearest cm, total weight to the
nearest 0.1g. Scales were removed, cleaned and kept in
special envelopes with full information for subsequent
examination relevant to age determination.

converting Lc to age using the von Bertalanffy growth
equation as follows:
Tc = -1/K ln (1 – Lc / L∞) + tₒ
2.6. Mortalities and exploitation ratio
2.6.1. Total mortality coefficient (Z)
The total mortality coefficient (Z) was estimated by using two
different methods; analysis of the cumulative catch curve [18]
and analysis of the length converted catch curve [19].
2.6.2. Natural mortality coefficient (M)
The natural mortality coefficient (M) was estimated as the
geometric mean of three different methods [20 - 22].
2.6.3. Fishing mortality coefficient (F)
The fishing mortality coefficient (F) was estimated by
subtracting the value of natural mortality coefficient (M) from
the value of total mortality coefficient (Z) as follows:
F=Z–M
2.6.4. Exploitation ratio (E)
The exploitation ratio (E) was calculated according to the
following relation:
E = F / Z [23 - 24].

Fig. 1: Chosen landing sites on the Egyptian coast of the Red Sea.

2.2. Age determination
Scales of Lethrinus microdon were removed from the left side
of each fish behind the pectoral fin. The scales were put in
10% solution of Ammonium hydroxide. Then, it washed in
distilled water, dried with filter paper and mounted between
two glass slides. The annual growth rings were counted and
scale radius (R) and the radius of each annual growth rings
(Rn) were measured (to the nearest mm) using scale projector
(Ernst Leitz Wetzlar GMBH, Germany). The relationship
between scale radius and total fish length (TL) was
determined according to [12] by the equation TL = a + b (R).
The back-calculated lengths at the end of each year of life are
estimated using Lee's [13]. equation as follows:
Ln = (Lt – a) Rn/R + a

2.7. Relative yield per Recruit (Y/R)
The model of [25] was applied to analyze the relative yield per
recruit (Y/R)' of Lethrinus microdon as follows:
(Y/R)' = E*U (M/K) *
[1- 3U/(1+m) + 3U2 / (1+2m)- U3/ (1+3m)]
Where: (Y/R)' = relative yield per recruit.
M= 1-E /(M/K) = K/Z.
U=1– (Lc/L∞).
3. Results
3.1. Age determination
The longevity of Lethrinus microdon is found to be 7 years in
the Egyptian Red Sea and age group one was the most
frequent one forming up to 32% of the total catch (Fig. 2).

Where: Ln is the length (mm) at the end of n year, Lt is the
total length (mm) at capture and “a” is the intercept with Yaxis.
2.3. Length-weight relationship
Length (L) –weight (W) relationship was determined
according to [14] as the following equation:
W = aLb
Where a & b are constants, whose values are estimated by the
least square method.
2.4. Theoretical growth
The von Bertalanffy growth model was applied to describe
the theoretical growth of Lethrinus microdon. The constants
of the von Bertalanffy model (L∞ and K) were estimated by
using the method [15 - 16].
2.5. Length (Lc) and age (Tc) at first capture
The length at first capture (Lc), the length at which 50% of the
fish at that size are vulnerable to capture was estimated by the
analysis of catch curve using the method of [17] and the
corresponding age at the first capture (Tc) was obtained by
~ 159 ~

Fig. 2: Age composition of Lethrinus microdon from the Egyptian
Red Sea
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3.2. Back-calculation and growth in length
Since the relationship between total fish length and scale
radius is linear and do not pass through the origin (Fig. 3), the
length of former ages was back calculated using Lee's
equation as follows:
Ln = (L – 1.2153) Rn / R + 1.2153

It is obvious that, Lethrinus microdon attains its highest
growth in length at the end of the first year of life (24.95 cm)
after which the annual increment decreases gradually with
increase in age until reaches its minimum value at the end of
the last year of the life (2.14 cm) (Fig. 4).

Fig. 3: Body length- scale radius relationship of Lethrinus microdon from the Egyptian Red Sea

Fig. 4: Back calculated length and annual increment of Lethrinus microdon, from the Egyptian Red Sea

3.3. Length- weight relationship
The total length of fishes ranged between 17.5 to 59.5 cm,
while their total weight was varied between 85 and 2430 g.
The obtained length-weight equation was W = 0.0173 L2.9054.
The b-value (2.90) reflected the negative allometric growth
(Fig. 5).

Fig. 5: Length-weight relationship of Lethrinus microdon from the
Egyptian Red Sea

3.4. Growth in weight
The weights at the end of each year of life of Lethrinus
microdon were calculated by applying the corresponding
length- weight equation to the back-calculated length. It is
clear that, the growth in weight is much slower at the first
year of life and annual increment in weight increases with
further increase in age until reaches its maximum value at age
group (III), after which a gradual decrease in annual
increment was observed (Fig. 6).

Fig. 6: Calculated weight (g) and annual increment at the end of each
year of life of Lethrinus microdon from the Egyptian Red Sea
~ 160 ~
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3.5. Growth parameters
The obtained von Bertalanffy growth model for both growth
in length and weight was as follows:
For growth in length
Lt= 67.46 (1-e-0.25(t+0.80)).
For growth in weight
Wt= 3565.80 (1-e-0.25(t+0.80)) 2.905
3.6. Mortality and exploitation rates
The mean values of total and natural mortality coefficients
were 1.04 and 0.3 yr-1 respectively. Consequently the
estimated F-value was 0.74 yr-1 and the E-value was 0.71.
3.7. Length and age at first capture Lc &Tc
The length at first capture of Lethrinus microdon collected
from the Egyptian Red Sea was estimated as 23.71 cm (Fig.
7), and the corresponding age was calculated as Tc = 0.93
year.

Fig. 7: Length at first capture of Lethrinus microdon from the
Egyptian Red Sea

3.8. Relative Yield per Recruit (Y/R)
The maximum (Y/R)' was obtained at Emax = 0.55. The
exploitation level which conserves 50% of the spawning stock
biomass E0.5 was estimated at 0.32. It is clear that, the present
level of exploitation (0.71) is higher than both Emax and E0.5.
For management purposes, the exploitation rate should be
reduced from 0.71 to 0.32 (55%) to maintain the spawning
stock biomass (Fig. 8).

Fig. (8): Relative yield per recruit for Lethrinus microdon
from the Egyptian Red Sea

4. Discussion
Egyptian fisheries are under pressure as well as all economic
fish stocks are overexploited, the management and regulation
of the fisheries become more complicated every year. In
fisheries management, the reliability of scientific advice is
highly dependent on the quantity and quality of data that are
available for stock assessment [8].
Age determination is one of the most important parameters in
the field of fisheries management. It forms the basic
knowledge required for the evaluation of longevity, growth
rate, mortality rate and yield. These parameters are constituted
the basic information needed for the construction of a
management strategy for a rational exploitation of any
exploited fish stocks [4].
In the present study, the scales of Lethrinus microdon were
used in age determination. Scales as reliable method for
lethrinid species were proven in the previous studies [3 - 6, 26-27].
The longevity of Lethrinus microdon is estimated to be 7
years and age group one was the most frequent one forming
up to 32% of the total catch. This means that, Lethrinus
microdon in the Egyptian Red Sea become fully recruited to
the artisanal fishery at an age of one year indicating the high
fishing pressure on this species. The only previous study
dealing with the age determination of the same species is that
of [11], who recorded 7 years in Southern Arabian Gulf.
Lethrinus microdon attains its highest growth rate in length
during the first year of life, after which a gradual decrease in
growth increment was noticed with further increase in age.
This result is in agreement with the findings of previous
studies on this aspect [6, 28-37]. They stated that, the young
stages of fish are characterized by a higher growth rate than
the old ones and the first year of life had the maximum
growth rate in length.
In the present study, the exponent “b” in length-weight
equation of Lethrinus microdon is different from 3 reflecting
the tendency to be negative allometric growth. The fish in
which the value of “b” ranges between 2.5 to 4 live in good
conditions [14, 38]. These results indicated that, the
environmental conditions in Egyptian Red Sea are suitable for
Lethrinus microdon growth.
In the present study, the growth in weight of Lethrinus
microdon was much slower in the first year of life and annual
increment in weight increases with further increase in age
until reaches its maximum value at age group (III), after
which a gradual decrease in annual increment was observed.
This means that the Lethrinus microdon should be protected
until reach the third year of life.
The mathematical description of growth is of a great
importance in the field of fisheries management and fish stock
assessment. The obtained growth parameters (L∞, K and to)
are the basic input data into various models used for
managing and accessing the status of the exploited fish stocks.
Besides, the mathematical descriptions of the growth facilitate
the comparison between growth of fishes belonging to
different species or to the same species at different times and
different localities. Several models have been developed for
the mathematical description of growth, from which the von
Bertalanffy growth model is the most widely used [4].
In the present study, the growth model of von Bertalanffy
was applied to describe the theoretical growth of Lethrinus
microdon in the Egyptian Red Sea. The L∞ of Lethrinus
microdon (67.46 cm) was higher than those estimated for the
same species (34 cm) from Southern Arabian Gulf [11]. This
higher value may be due to the difference in the locality and
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difference in recorded maximum length. The growth
coefficient value (K= 0.25/ year) of Lethrinus microdon
indicated that the growth was lower than that recorded in
Southern Arabian Gulf (0.64/ year) [11].
The total mortality is defined as the total number of fishes
missed by death from a given population during a certain time
interval. The total mortality can be distinguished into two
components; the first is called the natural mortality coefficient
(M) and the second is the fishing mortality coefficient (F). In
the present study, total mortality (Z), Natural mortality (M)
and Fishing mortality (F) were estimated for Lethrinus
microdon in the Egyptian Red Sea. It is obvious that, the
fishing mortality of Lethrinus microdon (0.74) is very high in
another indication for over exploitation. The optimum level of
exploitation is 0.5 when fishing mortality is equal to natural
one [23] and [17] gave a less value for optimum exploitation
level (0.4). So, the obtained value of E in the present study
(0.71) is greatly higher than those given by [23] and [17].
reflecting the high level of fishing pressure on this species.
Based on relative yield per recruit analysis of Lethrinus
microdon in the Egyptian Red Sea, the present level of
exploitation (E= 0.71) is found to be greatly higher than both
Emax and E0.5 (0.55 and 0.32 respectively). For management
purposes, the exploitation rate of Lethrinus microdon should
be reduced from 0.71 to 0.32 (55%) to maintain the spawning
stock biomass.
For evaluation the effect of Lc which is related to hook or
mesh size, a higher value of Lc was applied (Lc = 33 cm ≈ Lm)
(Lm is the length at first sexual maturity). It was obvious that
the relative yield per recruit increases by the increase of Lc
and at the same time both Emax= 0.68 and E0.5 = 0.37 still
lower than the current E (Fig. 9).
It could be concluded that the stock of Lethrinus microdon in
the Egyptian Red Sea is over exploited and to maintain this
valuable species, the fishing effort should be reduced by at
least 40% and the hook sizes should be increased to catch fish
not less than 30 cm TL.
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Fig. 9: Relative yield per recruit for lethrinus microdon from the
Egyptian Red Sea with LC = 33 cm
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