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Abstract: The Hamilton’s anchovy (Thryssa hamiltonii Gray, 1835) is one of main 

target species in Indonesian small pelagic fishery. This engraulids member is 

characterized by short lifespan and fast reproductive cycle. The research aims were to 

explore the reproduction aspects of the females Hamilton’s anchovy in terms of 

changes in length at first maturity, spawning seasons, and fecundity as well as egg 

diameter as reproductive output. Fish was collected weekly during 2009 at fish landing 

site at Gebang Mekar, Cirebon. The fish was length measured, after which ovaries 

staged for gonadal maturity stage (GMS), fecundity, and eggs diameter. Length 

frequency data was all linked to this reproductive aspects. The results showed that Lm 

was 171.5 ± 1.62 mm, comparable to annual calculation of 171.05 ± 0.01 mm, Lc 

largely tend to smaller than Lm which indicated to unsustainable fishing. Fish spawns 

monthly with fecundity range between 3,456 – 15,843 (8,261 ± 2,776 eggs), it might 

be categorized as high fecundity fish relative to its body size. The distribution of eggs 

diameter showed 2-3 modus, i.e. they are partial spawner fish. The discrepancies in 

reproductive ouput is suggested to be influenced by seasons which characterized by 

different environmental conditions.   
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Introduction 

 

Hamilton’s anchovy (Thryssa hamiltonii) is the 

largest member of genus Thryssa belongs to family 

Engraulidae. They are widely distributed in all South-east 

Asia regions except in the Eastern Queensland, North 

Indian Ocean, and West Pacific (Kuronuma and Abe, 

1972; Allen et al., 1999; Froese & Pauly, 2019). This 

small pelagic fish inhabits estuaries and mudflats (Allen 

et al., 1999), and make up an important capture fishery in 

Indonesia.   

Reproduction in fish is the fundamental process by 

which new offsprings are produced.  Early ecological 

theory recognized the central role that female fecundity 

plays in the dynamics of populations (reviewed in 

Caswell, 1989). Understanding the ways in which females 

parcel out reproductive effort over their lifetime is crucial 

of both populations and individuals (Maxwell & Hanlon, 

2000), e.g. in term of reproductive capacity and adult size 

composition in response to fishing activity (Poisson & 

Fauvel, 2009), and assessing variability in reproductive 

timing both among and within populations (Lowerre-

Barbieri et al., 2011).  

This study was aimed to explore the changes in 

length at first maturity, spawning season, and 

reproductive output of the female Hamilton’s anchovy.  

Female fishes has been more appreciated compared to 

males, as reproductive investment in females are 

relatively easier to be estimated compared to males 

(Trippel, 2003), in part because offspring production is 

limited to greater degree of eggs than sperm production 

(Murua & Saborida-Rey, 2003), and in which the quantity 

of spawned eggs has been positively correlated with 

maternal length, age and nutritional conditions (Kjesbu et 

al., 1991; 1996). In other words, the reproductive output 

is more visible in females compared to males; the oocytes 

are apparently straightforward in expressing the 

reproductive output as counting and measuring eggs could 

be conducted macroscopically. 

 

Materials and methods 

 

Sampling site and handling 

 

Fishes were collected at fish landing site in Gebang 

Mekar Village, the District of Cirebon (Figure 1). Fishes 
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were randomly selected and preserved with 8% of 

formaldehyde, then transported to Biomakro Laboratory, 

IPB University. Sampling campaign was conducted 

throughout year 2009 with weekly intervals. 

 

 

 
 

 

Figure 1.  Fish landing site and study area of 

Hamiltoni’s Thryssa (Thryssa hamiltonii) 

collection (shown by red circle) at Gebang, 

Cirebon.  

 

Laboratory Protocol   

In laboratory, each fish was total length measured 

and weighted to the nearest 0.1 mm and 0.01 g, 

respectively, then dissected for morphological 

examination of the ovaries. It was staged into immature, 

develoving, maturing, spawning, and spent categories 

(Effendie, 1979). The maturing ovaries were weighted to 

the nearest 0.001 g, and fixed into Bouin’s solution for 

fecundity and eggs examination.  Fecundity was defined 

as total amount of eggs which sub-sampled by 30%, 

which each egg was taken from anterior, middle, and 

posterior parts of the ovary (Effendie, 1979).  Eggs 

diameter was measured under binocular microscope 

equipped with one mm scaled object glass, from 120 

maturing females to account 30,000 eggs in total. Its 

measurement was performed. 

 

Data Analysis   

 

Length at first maturity (L50) is determined by 

fitting the logistic equation (Prager et al., 1994): 

 

p = [1 + e – r (x – x
50

)]-1 

where p is the estimated proportion in size class, r is a 

fitted parameter, x is the total length, x50 is the length at 

which 50% of marure females of each size class. The 

result of monthly L50 was averaged and compared to 

combined one year data using Spearman-Karber formula 

(Udupa, 1986).  In estimating spawning strategy, eggs 

diameter data is treated as length data for further analysis 

using length frequency distribution (FISAT II) (Gayanilo 

et al., 2005).  All data obtained were proceeded for 

normality test prior to mean (parametric) or median (non-

parametric) comparison (Fowler & Cohen, 1997).     

 

Results and discussions 

 

Results 

 

Length at First Maturity (Lm) 

 

Total amount of fish collected in one year was 

1,289 females Hamilton’s anchovy of which 583 

individuals were maturing females, i.e. fishes with the 4th 

gonadal maturity. A monthly changes in L50 of the 

Hamilton’s anchovy is presented in Figure 2.  The results 

showed that first length maturity size varied between 169 

– 175 mm (171.5 ± 1.62 mm) (T-Test, P>0.05), with 

coefficient variation less than 1%. This results indicated 

no significant changes in Lm among and between months. 

If those maturing females are grouped as one year, 

according to Spearman-Karber formula, Lm  value was 

171.05 ± 0.01 mm. By comparing Lm with length at 

captured (Lc), there was a tendency that females were 

capture at smaller size, but February 2009 (Figure 3.), 

though Lm and Lc was indifferent (p> 0.05). 
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Figure 2.  Size at which 50% of maturing females (Lm) in 

the Hamilton’s anchovy (T. hamiltonii) by 

monthly basis.  

 

Gonad Maturity Stage 

  

Morphological examination on 1,294 ovaries of 

Hamilton’s anchovy showed that the proportion of 

maturing females ranged between 32 – 58%, indicating a 

continuing spawning season throughout the year of this 
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species. Number of observed females fluctuated from 20 

in August to 154 females in May (Figure 4.).  Months 

with higher proportion of maturing females  occurred in 

February, June, and August. However, this might unsafe 

to conclude the peak spawning seasons occurred in these 

months as the proportion was indifferent to the others (p 

> 0.05). 
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Figure 3.  Comparison between length at first maturity 

(Lm) to length at captured (Lc) in females of 

the Hamilton’s anchovy (Thryssa hamiltonii). 
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Figure 4.  Proportion of each gonad maturity (GM) 

stages comparing between months in the 

female Hamilton’s anchovy (T. hamiltonii). 

 

Fecundity 

  

Monthly examination on 8-14 females made to a 

total of 121 ovaries observed for one year, total fecundity 

of the Hamilton’s anchovy varied between 3,456 – 15,843 

eggs (8,261 ± 2,776 eggs).  The results indicated for high 

fecundity of relatively small mature females with 120-195 

mm in length (Figure 5). The fecundity increased steadily 

from January to April and decreased sharply in May 

preceding another increased until June, then tend to 

decrease again in the end period of the year.  

Eggs Diameter  

 

Having observed on approximately 30,000 eggs 

represented by 10 maturing females each month, eggs 

diameter ranged between 225 - 700 μm and distributed 

into 15 size classes (Figure 6). The results confirm that T. 

hamiltonii is partial spawner fish which characterized by 

2-3 eggs size groups.   

Based on the size distribution, the average eggs 

diameter varied between 256.5 – 704.5 μm during which 

during December - June showed a slightly larger size 

compared to July – November, i.e. 544.5 μm compared to 

480.5 μm. 
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Figure 5. Monthly variation in fecundity (box plots) at 

body length (black circles) in the Hamilton’s 

anchovy (T. hamiltonii) 

 

Discussions 

The results showed a tendency of Lc was mostly  

smaller than that Lm in  T. hamiltonii. This might be an 

indication that the fishery has been unsustainably 

managed (Dickert, 2012). Fontoura et al., (2009) stated 

that an appropriate estimation on Lm is important for fish 

stock management, therefore the dominating catch of 

smaller individuals in the study area is a clear sign of high 

exploitation rate at which population is largely composed 

by younger and smaller individuals. This implies to 

allowable size at capture, gears regulation, accessible 

fishing ground and season. In long term fishery, such 

condition will cause to growth overfishing (King, 1997).  
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Figure 6.  Monthly variation of egg diameter (μm) in  

the Hamilton’s anchovy (Thryssa hamiltonii). 

 

An extended spawning season in the anchovy 

(Family Engraulidae) has long been known.  As cited 

from Hunter and Leong (1981) in Motos (1996), that the 

development of oocytes in the Californian anchovy 

(Engraulis mordax) during the reproductive season is a 

continuous process with presence of all the oocyte stages 

and with a new group of oocytes maturing and being 

released every other week or 10 days in the period of peak 

spawning.  In other engraulids, Lisovenko & Adrianov 

(1996) reported that Encrasiolus ponticus spawns from 

May to August in the year under the influence of higher 

temperature during summer.  In the similar genus of 

Thryssa, Qureshi (1983) noticed from Pakistan’s waters 

that T. mystax has two spawning season from September 

- March and June – August. Moreover, with special notes 

on tropical region of Indonesia, Andamari & Milton 

(1998) found that Encrachicolina heterolobus and E. 

devisi reached sexual maturity within three months and 

spawns continuously thereafter.  With special notes on T. 

hamiltonii of different latitude in the Arabian Gulf, 

Hussein & Ali (1985) found a single and prolonged 

spawning period extending from December to April.  

Based on these facts, it is suggested that a protracted and 

continuing spawning activity in T. hamiltonii in the 

northern Java Sea is maintained depending on 

environmental factors such as temperature and food 

availability.  As temperature in the tropics are relatively 

stable, food availability would be a plausible explanation.  

As reported by Supriadi & Kamal (2009, unpublished), 

the incoming rivers ended at Cirebon coastal waters bring 

about organic materials enriching the primary production 

in this area. 

High number of fecundity in small pelagic fish is 

thought to be common phenomenon. Of five species of 

anchovies, Andamari et al. (2002) concluded that high 

fecundity in tropical anchovies is an expression of 

reproductive strategy that is adapted to high natural 

mortality. This is in agreement with other engraulids 

found in temperate (Lisovenko & Andrianov, 1996; 

Basilone et al., 2003), sub-tropic (Arockiamary et al., 

2011), and tropical regions (Maack & George, 1999; 

Andamari et al., 2002).  Such phenomenon is commonly 

found in marine fish species (Murua & Saborido-Rey, 

2003). As small pelagic fishes, Family Engraulidae are 

said to be r-strategy adapted fish that inhabiting instable 

environments, characterized by shorter life span, high 

growth, and high fecundity.   

In comparison with other engraulids, Arockiamary 

et al. (2011) found that eggs diameter was 920 – 990 μm 

(T. dussumieri); 980 – 1003 μm (T. mystax), and for 

similar species in Bima Bay, West Nusa Tenggara, was 

1,200 μm.  The discrepancies in engraulids egg size have 

been found to vary among engraulids species (Llianos-

Rivera and Castro, 2004).   In general, Wootton (1990) 

has pointed out that variations in size of the spawning 

females and shifts in energy allocation from reproduction 

to growth as the spawning season progresses may 

influence the egg volume.  Alternatively, Bagenal (1971) 

has concluded that environmental factors link to seasonal 

variations in photoperiod, seawater temperature, and food 

supply during the spawning season may affect the 

reproductive output.   

 

Conclusions 

Length at first maturity (Lm) in T. hamiltonii was 

relatively constant for the whole year period and mostly 

larger than length at first catch (Lc), indicating of 

unsustainable fishing which highly leads to overfishing 

for long term period. They spwan througout the year as 

partial spawners, and by characterized high number of 

eggs relative to body size. Reproductive output is likely to 

be influenced by environmental factors adapted by small 

and short lifespan of pelagic fishes.   
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