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Abstract
The growth parameters of Lethrinus harak from Zanzibar were studied from 308 samples col-

lected between June 2019 and May 2020 at Unguja Ukuu and Mkokotoni landing sites. Growth 

rings counted on whole otoliths formed annually, with opaque margins generated in December 

to February and hyaline rings in March to November. Ring counts revealed that most fish were 

between three and four years old, with mean lengths of 17.7 and 21.4 cm, respectively. Some 

specimens were five to seven years old, measuring 24.2 to 28.2 cm, on average. The growth 

parameters were estimated as L∞ = 34.22 cm, K = 0.25 year-1, and t0 = 0.00. The total mortality 

(Z) was estimated as 0.68 year-1, natural mortality (M) was 0.65 year-1 using Pauly’s equation, and 

fishing mortality (F) was 0.03 year-1. The low estimate of exploitation rate (E) of 0.04 year-1 was 

almost certainly an underestimate, resulting from the absence of older (>8 years) large individ-

uals, and younger (<3 years) small individuals in samples.
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Introduction
Coastal communities in developing nations rely heav-
ily on coral reef fisheries for their livelihood and food 
security ( Johnson et al., 2013). Coral reef habitats are, 
however, threatened by human activities and climate 
change (Cinner et al., 2012; Lachs and Oñate-Casado, 
2020). In East Africa, human-induced pressure on 
coral reefs has been well documented (Wilkinson, 
2008; Hoegh-Guldberg, 2011) and the associated loss 
of ecosystem services linked to the coral reefs is of con-
cern (Cinner et al., 2011). Inadequate monitoring and 
sparse scientific data on key exploited species hinder 
management and conservation efforts in the region.

Local communities in Zanzibar are heavily depend-
ent on small-scale fisheries for their livelihoods ( Jid-
dawi and Khatib, 2007; Jeppesen and Richmond, 2016). 

Small-scale fisheries of Unguja Island are representa-
tive of the multi-species artisanal fisheries common 
along the eastern African coastline, with few commer-
cial fleets present near the coast. Fisheries are charac-
terized by monsoon cycles, and inshore fisheries using 
multiple gear types land mostly reef-associated spe-
cies (e.g., Siganids, Lethrinids, Octopus), small pelagic 
fishes (e.g., Engraulids) and larger pelagic species 
(Scomberids) ( Jiddawi and Öhman, 2002). Depletion 
of fishery resources in Tanzania has been attributed 
to overfishing and use of destructive fishing methods 
such as beach seine, stick and spear fishing and poison, 
locally known as juya, mkuki/kijiti and utupa respectively 
( Jiddawi and Öhman, 2002; Khatib and Jiddawi, 2010). 

Landings of emperors have increased annually in 
parts of the Western Indian Ocean, because of high 
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demand (Kulmiye et al., 2002; Vasanthrajan et al., 
2012). The commercial importance of Lethrinids have 
resulted in several studies of their life history (Grand-
court, 2002; Kulmiye et al., 2002; Pilling et al., 2003; 
Ebisawa, 2006; Ebisawa and Ozawa, 2009; Currey et 
al., 2013; Trianni, 2016). Despite global efforts to assess 
the stocks of Lethrinid species, such information is 
lacking in Tanzania.

The thumbprint emperor (Lethrinus harak) is a widely 
distributed tropical reef species (Midway et al., 2018) 
and an important food source in Tanzania (Kimirei 

et al., 2013; Midway et al., 2018). Improved manage-
ment is however required to facilitate sustainable fish-
ing practices. Age, growth rate, and mortality rate are 
three of the most influential life history characteris-
tics controlling the productivity of fish populations 
(Mendoza, 2006). This information is important in 
assessments of stock status, on which management 
strategies typically rely (Ebiswa and Ozawa, 2009). 
The aims of this study were to use catch-at-length 
data and analysis of otolith ring counts to estimate the 
age distribution of L. harak, growth and mortality rates 
(Pilling et al., 2003; Vieira, 2023). 

Methodology
Study site and sampling
This study was conducted in Zanzibar (Zanzibar archi-
pelago, Tanzania) (Fig. 1). Fish samples were obtained 
at landing sites on the southern (Unguja Ukuu landing 
site) and northern coasts (Mkokotoni landing site) of 
Unguja Island. A total of 308 L. harak specimens were 
randomly purchased from fishers over a 12-month 
period from June 2019 to May 2020. Fish samples 
were immediately frozen after purchase and trans-
ferred to a laboratory for analysis. 

Measurements of length and weights
The total length (TL ± 1 cm) and total body weight (TW 
± 1 g) of each fish was measured using a measuring 
board and balance. Otoliths were extracted via a hori-
zontal cranial incision, cleaned, and stored in 70 % eth-
anol (Matta and Kimura, 2012). In the laboratory, oto-
liths were dried through air-exposure, and length (± 0.1 
mm) and weight (± 0.001 g) measurements determined 
with a vernier caliper and electronic balance. The 
yearly age rings (annuli) were visualized using a light 
microscope equipped with a C-P8 opticam PRO8 dig-
ital camera. The age readings were carried out by one 

Figure 1. Map of Unguja Island (Zanzibar archipelago, Tanzania) showing the main sampling sites.
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person after calibration. For fish larger than 25 cm TL, 
the otoliths were polished using P500 and P800 polish 
papers to identify the growth annuli clearly. To deter-
mine if hyaline and opaque rings were formed each 
year, the edges of otolith samples collected monthly 
were examined, with hyaline margins appearing as 
dark and opaque margin as white under reflected light.

Data analysis
Age determination
Age was determined from otolith measurements and 
length frequency analysis. Growth rings were counted 
using a reflected light stereoscopic microscope. To ana-
lyse the cohorts using length frequency data, a modal 
progression analysis (MPA) was performed by the sepa-
ration of normal distributed components (NORMSEP) 
method using FiSAT-II software (Gayanilo et al., 2005). 
Length data of L. harak were available by month and 
grouped into 2-cm intervals. 

Length weight relationship and sex ratio
The R-core team (2020), software version (4.0.3) was 
used to determine the potential relationships between 
fish TW and TL using the power function:

W = a*TLb 

Where W is wet weight (g), TL is total length (cm), a is 
the multiplicative factor and b is the exponent (b > 1). 
When b = 3, the growth pattern is isometric, positive 
allometric when b > 3, and negative allometric when 
b < 3 (Heydarnejad, 2009, Phillips et al., 2018). The 
parameters a and b were estimated using the non-lin-
ear least square estimation procedure. The relation-
ship between otolith weight and fish age was described 
using a linear relationship (Heydarnejad, 2009) 

Growth rate
A growth model provides information about fish age in 
relation to their length and weight and is often viewed 
as the end product of growth analysis ( Jones, 2000). 
The Von Bertalanffy Growth Formula (VBGF) was used:

Lt = L∞ [1-e-k (t-t0)]

Where Lt = mean length at age t, L∞ = asymptotic 
length, K = growth coefficient, determining the rate of 
change in the length increment, t = age of the species, 
and t0 = the hypothetical age at which the length is 
zero. The growth parameters (L∞, K and t0) were esti-
mated for males and females separately, and for both 
sexes combined, using length-at-age data obtained 
from otolith measurements. The growth performance 

index, Phi-prime (Ø), was calculated from Munro and 
Pauly (2012) as follows:

Ø = log K + 2log L∞ 

Where L∞ and K are asymptotic length and rate con-
stants from VBGF respectively. 

Mortality rate 
The total mortality (Z) estimate includes natural mor-
tality and fishing mortality which is calculated as the 
sum of fishing mortality (F) and natural mortality (M) 
( Jayasankar, 2014), given as:

Z = M + F

Where Z is total mortality, M is natural mortality and 
F is fishing mortality. Total mortality (Z) was calculated 
using a length converted catch curve using the FiSAT 
II software with age-based data. The model explains 
the relationship between the total mortality coeffi-
cient and the mean length of the exploited portion of 
the fish stock which was calculated as:

Z = K (L∞ -Lmean) / (L∞-L’)

L mean is the mean length of a sample representing a 
steady state in a population, and L’ is a cut-off length 
or the lower limit of smallest length class included. 

Natural mortality (M)
Natural mortality was obtained using Paulys’ equation 
(Pauly, 1980) expressed as:

Log M = 0.654 log K – 0.28 log L∞ +0.463 log T

Where T is the environmental temperature. 

Fishing mortality (F)
Fishing mortality provides a value for the level of 
depletion in a fish stock that results from fishing acti-
vities, obtained from: 

F = Z - M

Exploitation rate (E) 
The exploitation rate was calculated as the ratio 
between the fishing mortality coefficient (F) and total 
mortality coefficient (Z), which is equal to the fraction 
of the stock taken by fishing activities over time.

E) = F/Z 

For optimally exploited stocks, E = 0.5 year-1
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Results 
Of 308 individuals investigated, 180 (58.4 %) were males 
and 128 (41.6 %) were females, with the smallest and 
largest lengths being 14.3 and 29.6 cm TL respectively. 
The smallest otolith was 0.051 mm long and weighed 
0.028 g, and the largest otolith measured 0.88 mm and 
weighed 0.048 g. The otoliths were generally white 
in colour and elongated in shape, concave toward the 
anterior apex and semi rounded in shape toward the 
posterior apex (Fig. 2a). The whole otoliths showed 
clear rings when visualized with a reflected light stere-
oscopic microscope with a dark background (Fig. 2b). 

Age estimates from otolith readings
From the yearly otolith annuli readings of the 308 
fishes, 129 (41.9 % - comprising 100 males and 29 
females) were three years old, 104 (33.8 % - 66 males and 
38 females) were four years old, 33 (10.7 % - 7 males and 
26 females) were five years old, 29 (9.4 % - 5 males and 
24 females) were six years old and 13 individuals (4.2 
% - 2 males and 11 females) were seven years old. Indi-
viduals younger than three and older than seven years 
were absent. The mean lengths at ages three to seven 
years were 17.7 cm, 21.0 cm, 24.2 cm, 25.9 cm and 28.2 
cm, respectively. The marginal observation of otoliths 
showed that the opaque and hyaline rings were formed 
throughout the year with monthly variations. Individu-
als with opaque margins were dominant in December, 
January and February and hyaline margins during the 
remainder of the months (March to November).

Figure 2. Otolith image concave side up. (a) without microscope and (b) with microscope under reflected light with 

dark background (2.0 magnification); arrows indicate annulus rings.

b)a)

Figure 3. NORMSEP model showing population cohorts of Lethrinus 

harak. (a) two cohorts in January; (b) three cohorts in November; (c) one 

cohort in December.
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Age group from length frequency data 
The results of the NORMSEP model assessed using 
FiSAT II showed two cohorts in June to October 2019, 
and in January, February and May 2020. In November 
2019 and March 2020 three cohorts were detected, 
and one in December and April, respectively (Fig. 3).

Length-weight relationship
The length-weight relationship indicated that L. harak 
exhibits an isometric growth pattern (Fig. 4a, b and c) 

for both sexes, and for males and for females respec-
tively, where both length and weight of fish increased 
at the same rate. Otolith weight was strongly corre-
lated to age (p < 0.0001, R2 = 0.5503, r =0.7418) (Fig. 
4d). Otolith radius showed strong positive correlation 
to fish length (p < 0.000 1, R2 = 0.6571, r = 0.81095) 
(Fig.4e). Key length/size at age for both sexes were also 
established corresponding to one year ( June 2019-
May 2020) (Table 1).
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Growth rate
Growth parameters calculated from length-at-age 
data (Table 2) found the asymptotic length L∞ from 
data at both sampling sites to be larger than the maxi-
mum observed length (29.6 cm). Females had a higher 
asymptotic length (34.2 cm) than males (30.6 cm) 
which corresponded to a lower K value for females (K 
= 0.25) than males (K = 0.30) (Fig. 5a-c).

Mortality rates
The instantaneous total mortality rate (Z) calculated 
from the length converted catch curve (LCC) was 0.68 
year-1 (95% C.I. of 0.38 - 0.99 and r2 = 0.99) (Table 3), M 
was 0.65 year-1 and F was 0.03 year-1. The exploitation 
rate was 0.04 year-1 (Table 3).

Discussion 
The results obtained from this study indicate that 
the Lethrinus harak captured in Zanzibar waters are 
between three to seven years of age, although the fish-
ery is dominated by fish of three and four years of age 
(75.7 %). The data on fish length do not deviate from 
Carpenter and Niem (2001) which showed L. harak 
individuals to be frequently fished at lengths between 
20 to 30 cm (equivalent to 3 and 4 years of age).  
L. harak in the present study were all below seven years 
of age and the largest individual measured 29.6cm TL. 

L. harak can grow to a maximum of approximately 
50 to 54 cm TL (Carpenter and Allen, 1989; Matthews  
et al., 2019), equivalent to an age of 12 to 15 years (Lasi, 
2003; Trianni, 2016). The current analyses were there-
fore based on only a part of the population. 

Like many coral reef fish species, L. harak was expected 
to have opaque and translucent zones formed dur-
ing warmer and cool seasons respectively (Fowler, 
2009). Such changes are associated with physiologi-
cal change, growth rate differences and reproductive 
cycles (Fowler, 2009). For example, six Scaridae species 
develop opaque rings indicating high growth rates in 
summer (Choat et al., 1996). However, the current data 
showed the presence of both zones (opaque and hya-
line) throughout the year; however, they dominated 
in different months. The opaque zones were observed 
in December, January and February, following the 
summer season and the hyaline zones during the rest 
of the months with full occurrence between July and 
September. This suggests that L. harak grows quicker 
in December to February, possibly associated with a 
change in water temperature and increase in primary 
production, caused by upwelling from north westerly 
winds. Coastal upwelling brings cold, nutrient-rich 
waters to the ocean surface from depth, increasing 
primary productivity (Hammond et al., 2022; Horii 

Table 1. Key length/size (cm) according to the age class for both sexes together of Lethrinus harak, corresponding to one year ( June 2019-May 2020). 

Total length Age Classes

TL in cm I II III IV V VI VII  

14     2          

15     2          

16     17          

17     31          

18     38          

19     39          

20       48 1      

21       23 2      

22       20 1      

23       7 3      

24       6 9      

25         13 11    

26         4 14 2  

27           2    

28           1 5  

29           1 6  

Mean Length (cm)     17.69 21.04         24.18 25.86           28.15  

Sd (cm)     1.17 1.21 1.47 0.95 1.07  

Total (N)     129 104 33 29 13 308

Percentage             41.88         33.77         10.71           9.42           4.22      100.00 
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et al., 2022). This tropical summer growth is contrary 
to other parts of the world where the opaque band in 
Lethrinus (incl. L. harak) occurred in August to Decem-
ber (Hilomen, 1997). Likewise, Pargus auratus, had less 
growth of opaque bands during winter (Ferrell et al., 

1992), compared to L. nebulosus in northern Great Brit-
ain where they had greater opaque zones that formed 
during the winter period (McPherson et al., 1988).  
It should not be assumed that the opaque and translu-
cent nature of bands in different species will be sim-
ilar; though the pattern of wide and narrow banding 
tends to be consistent. The opacity and translucency 
of these bands varies considerably with species, light 
source and methodology. The ring deposition might 
also be affected by environmental or physiological 
stress such as spawning, migration, environmental 
fluctuations, hydro-meteorological conditions and 
age of fish ( Hüssy and Mosegaard, 2004; Putnis and 
Korņilovs, 2008; Fablet et al., 2011). 

The values of K and L∞ observed in this study sug-
gested slow growth rates of L. harak in Zanzibar. This 
suggests that the L. harak do not get the opportunity to 
reach the asymptotic length, resulting in the removal 
of smaller individuals from the ecosystem, which can 
lead to detrimental effects. Decline in spawning bio-
mass can cause negative effects to the point where 
recruitment is significantly impaired (Vasilakopoulos, 
2011; Abdulrahman et al, 2021). Furthermore, domi-
nation of relatively young fish in catches, between 
three and four years of age, results in a population 
length structure that is heavily shifted toward younger 
age classes because of positive selection toward larger 
fish in the recent past; such size-selective fishing may 
have evolutionary consequences and may be difficult 
to reverse (Hsieh et al., 2009). The observed values of 
K and L∞ are closer to those presented by Ebisawa and 
Ozawa (2009), Trianni (2016) and Midway et al. (2018). 
The differences in both values between the current 
study and other studies may be attributed to geo-
graphical location, variation in recruitment pattern, 
seasonal changes in growth and size dependent selec-
tion (Hufnagl et al., 2013). L. harak of age 12 years are 
commonly fished elsewhere (Lasi, 2003; Ebisawa and 
Ozawa, 2009), and therefore 3-year old fishes are still 
relatively young. Over-exploitation can result in scar-
city of larger individuals, a likely scenario for L. harak 
in Zanzibar (Ali et al., 2003; Beverton and Holt, 2012).
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Figure 5. Von Bertalanffy Growth Function (VBGF) graphs for (a) both 

sexes, (b) males, and (c) females of Lethrinus harak.

Table 2. The growth parameters of Lethrinus harak based on the Von Bertalanffy Growth Function (VBGF). Asymptotic length (L∞) in cm, growth 

rate (K) in year-1, and Phi prime Ø is an index of growth performance.

Species Method Sex L∞ K t0 Ø

L. harak VBGF Plots Both 34.25 0.25 0.00 2.46

VBGF Plots Males 30.57 0.30 0.00 2.44

VBGF Plots Females 34.22 0.25 0.00 2.46
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The value of total mortality observed is less than that 
reported by Lasi (2003), higher than Hilomen (1997) 
and closer to Trianni (2016). Since the estimates of 
total mortality rate (Z) in this study show high contri-
bution of natural mortality (M) and low contribution 
of fishing mortality (F), total absence of older individ-
uals could lead to biased estimates. The higher value 
of M could be attributed to sampling individuals of 
a smaller size, as they are known to have higher nat-
ural mortality from predation (Pauly, 1980). Hence 
the absence of older, larger individuals resulted in 
underestimation of Z and E. Theoretically, optimally 
exploited stocks have similar M and Z values, and 
close to 0.5 of its biomass (Pikitch et al., 2014). Even 
compared to smaller species with high recruitment 
variability and lower exploitation rates (E = 0.2; Pauly, 
1984), the E of 0.04 year-1 estimated in this study is 
unrealistically low.

Overall, the relatively small asymptotic length in rela-
tion to the maximum length reported for L. harak, 
combined with the absence of individuals older than 
seven years of age from the sample (the lifespan of 
the species is estimated to be 15 years) may have led 
to over-estimation of M and an under-estimation of 
F. Thus, although the analysis suggested optimum 
exploitation (low F and low E), the absence of older, 
larger specimens in samples may actually reflect very 
high exploitation rates of L. harak in Zanzibar waters, 
something the model failed to show. 

Conclusions 
Lethrinus harak in Zanzibar waters is harvested at the 
age of three to four years, and no specimens aged 
between 8 and 15 years were available in the sample. 
Consequently, mortality estimates are biased, and the 
model output of low exploitation rate is in conflict 
with the general perception that L. harak is overex-
ploited in Zanzibar. Future studies sampling deeper 
offshore reefs are required to investigate whether 
older individuals occur deeper, or whether they are 

completely absent from Zanzibar. Following that, a 
re-analysis of data, representing all size categories is 
recommended, to provide information for manage-
ment of the species. 
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