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Abstract. The white goby (Glossogobius giuris) is a dominant fish, mainly caught by many fishermen
living in the lakeshore areas of Lake Mainit, Philippines. However, its landed catch has been recently
declining, and the present situation requires management intervention so that the fish supply can be
sustainable for future generations. This study aims to determine the monthly reproductive performance
of G. giuris in Lake Mainit. Fish samples were collected monthly from landed catch and each sample was
measured to determine the total length (cm), and weighed to determine body weight (g). The gonads of
each female were removed and weighed. The gonad maturation degree and egg count were determined.
Results showed that the spawning activity of G. giuris occurs between January and May. The highest bvalues were observed in January and February, with 3.15 and 3.03, respectively, indicating a faster
increase in body weight compared to the increase in total length. The highest gonado-somatic index
occurred in February, with 9.51±2.69%, while the highest fecundity was found in March, with
164448.83±72959.68 eggs. The number of gravid individuals (stage 4) was determined from January to
May, with a peak in March (42.86%). Thus, the peak spawning activity of G. giuris occurs in February
and March. This finding would help the major stakeholders in the formulation of policies for the
conservation and management of fishery resources in Lake Mainit.
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Introduction. Lake Mainit is the fourth largest lake in the Philippines, with a total area
of 17060 ha and a depth of 219.35 m. It is a shared resource of Agusan del Norte and
Surigao del Norte provinces, with a shoreline of 62.1 km. The watershed area has 87072
ha, with 28 river tributaries contributing to the water volume of Lake Mainit. The lake is
drained by a single outlet, the 29 km Kalinawan River that flows into Butuan Bay (De
Guzman et al 2009). The Foundation for Philippine Environment affirms that Lake Mainit
is a place of rare and endemic species (Lake Mainit Development Alliance 2009), and its
aquatic environment is composed of 41 species of finfish, 10 species of mollusks, and 15
species of aquatic plants (De Guzman et al 2009).
Length-weight relationship (LWR) provides the baseline information regarding the
fish that would be beneficial for fishery biologists and conservationists in proposing
adequate regulations for sustainable fishery management and biodiversity conservation
(Kaur & Rawal 2015). White goby (Glossogobius giuris) is a dominant fish catch in Lake
Mainit, which affects significantly the economic condition of the people living in lakeshore
areas. This fish exhibited a positive allometric pattern (3.25 for combined sexes)
indicating a faster increase of body weight than the total length of the fish (De
Guzman et al 2009). In the Ganges, Northwestern Bangladesh, white goby is also an
important small indigenous fish and has an almost isometric growth pattern for combined
sexes (3.068), with slight negative allometric growth for males (2.954) and slight
positive allometric growth for females (3.293) (Hossain et al 2009). LWR of G. giuris was
also determined in Payra River, Patuakhali, Bangladesh, and it showed negative
allometric growth in March (2.987), June (2.873), August (2.542), and September
(2.524), while positive allometric growth was recorded in April (3.184), May (3.314), July
(3.276) and October (3.276) (Roy et al 2014). In Chandigarh, India, LWR of G. giuris was
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also investigated and the fish exhibited a positive allometric growth pattern, with a
significantly high positive correlation (Kaur & Rawal 2015). However, G. giuris in the river
Singla, Karimganj district, Assam, India, exhibited strong negative allometric growth
(1.47), indicating that the river did not present the best conditions for G. giuris (Das et
al 2017). In Sindh, Pakistan, G. giuris is a commercial fish and is considered a delicacy
and valuable food fish of Pakistan. However, the fish had negative allometric growth
pattern for combined sexes (2.565), males (2.550), and females (2.595) (Achakzai et al
2014), and this result was supported by Mercy et al (2008), with fish presenting b-values
less than 3. The growth pattern of the fish is influenced by the availability of food,
competition, and predation pressure (Achakzai et al 2014); the reproduction process that
can also cause body shape variations among the female population (Ratunil et al 2019).
The spawning period of the fish can be described through its monthly gonad
maturation and gonado-somatic index (GSI). The spawning period of white goby (G.
giuris) in Lake Mainit occurs twice a year (bimodal pattern), from August to September
and from December to January, according to Galicia & Lopez (2000). The said
information was complemented in 2009, De Guzman et al (2009) revealing that G.
giuris spawns throughout the year due to the occurrence of ripe males and gravid
females in all months, with a single peak of gravid females between January and April.
Histological analysis also supports the latter information, because all samples collected
from December 2016 to April 2018 from Lake Mainit were at the spawning stage and,
thus, male and female individuals were capable of mating all year round (Vedra et al
2019).
GSI is an index of gonad size relative to fish size and is a good indicator of gonad
development (Amtyaz et al 2013). In Lake Mainit, no available data states the trend of
GSI for G. giuris throughout the year, but there were comparisons of GSI among the fish
samples in the 4 municipalities of Lake Mainit. Results stated that the GSI estimate for G.
giuris males was high in Kitcharao, and decreased in Jabonga, but the differences were
not significant. Similar results were observed for females G. giuris, where the GSI
estimate was high in Mainit and decreased in Jabonga, with no significant differences
(Vedra et al 2019). In Manchar Lake, Sindh, Pakistan, the reproductive biology of G.
giuris showed that an increase of GSI was observed in February, but it peaked in March,
remaining high from April and June, and declining from July to September (Qambrani et
al 2016). In Payra River, Patuakhali, Bangladesh, GSI ranged from 0.064 to 1.697 for
males, and from 0.04 to 10.33 for females G. giuris. An increase in GSI was observed
during the breeding season and had a peak in August (1.23), declining afterward. GSI of
females also presented a similar trend, the highest peak being observed in August (8.26)
and September (9.34) (Roy et al 2014).
Fecundity is much higher in the wild compared to the one induced in the
laboratory for G. giuris. The average fecundity of the wild G. giuris in Manchar Lake
Sindh, Pakistan was 24835.84±10361.74 (Qambrani et al 2016), while the number of
eggs was between 8050 and 10070 in induced breeding (Islam et al 2014). No available
data about the fecundity of G. giuris in Lake Mainit was found, and the fecundity should
be determined because the value may vary due to different settings.
This study aims to provide updated information about the status of G. giuris in
Lake Mainit and can serve as a basis in the formulation of fishery management policies
and intervention by major stakeholders aiming for a sustainable catch of G. giuris.
Material and Method. 100 G. giuris were collected monthly from the fishermen from
Brgy, Quezon, Mainit, Surigao del Norte, Philippines, from June 2018 to May 2019. All
samples were packed in a 12 kg styrofoam box with ice to maintain freshness and
transported to the Surigao State College of Technology laboratory located at Magpayang,
Mainit, Surigao del Norte, and each sample was subjected to total length (cm)
measurements using a ruler and body weight determination using a digital weighing scale
(0.01 g precision). All female samples were selected based on the short fleshy and
circular genital papilla (Qambrani et al 2016) and each gonad was extracted to determine
gonad maturation, gonad weight, and egg count.
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The length-weight equation was used to estimate the relationship between the
weight (g) of the fish and its total length (cm) (Le Cren 1951; Jisr et al 2018), using the
linear regression of the log-transformed equation:
W=a Lb
Where: W is the total fresh weight (g) of each fish; L is the total length (cm), and a and
b are calculated parameters of linear regression (a is the intercept and b is the slope).
Gonad maturity was determined using the 5-Point Scale used by De Guzman et
al (2009): stage 1 – immature; stage 2 - maturing or developing; stage 3 – mature or
ripe; stage 4 – spawning; stage 5 – spent.
The GSI is an estimate of the proportion of the gonad mass relative to the total
body mass of the fish. It was determined from the ratio of the gonad weight (g) to total
body weight (g), where a higher GSI value indicates a higher probability of spawning.
The GSI values were calculated following the formula (Qambrani et al 2016):
GSI=Gw x 100)/Bw
Where Gw stands for gonadal weight and Bw for the body weight.
Fecundity represents the reproductive potential of a female fish. 3 sub-samples
were collected from gonad samples from the anterior, middle, and posterior portions and
weighted. Egg count in every subsample was carried out under the dissecting
microscope.
Results and Discussion. Only 955 specimens could be examined due to severe weather
in some periods of the study. The total length of G. giuris ranged from 6.5 to 19.9 cm for
females, and from 7 to 23.6 cm for males. The percentage of males and females in the
population was 59.9% and 40.1%, respectively (Table 1). In the LWR, the monthly bvalues were considered in describing the growth pattern of male and female G.
giuris (Figure 1). Positive allometric growth was observed in males (October, November,
January, February, and April) and females (September, October, January, and February),
indicating a faster increase of body weight compared with the increase in total length.
Male and female individuals with b-values less than 3 presented negative allometric
growth, in which fish becomes more slender as it becomes longer. In male G. giuris, 2
peaks were observed, in October (3.50) and January (3.24). An almost similar trend was
also seen in female G. giuris in October (3.40) and January (3.15), but the first peak
started earlier in September (3.40).
Table 1
Descriptive statistics of Glossogobius giuris in Lake Mainit, Philippines
Sex

No

%

Female
Male

383
572

40.1
59.9

Minimum length
(cm)
6.5
7

Maximum length
(cm)
19.9
23.6

Mean±SD
12.95±1.73
13.24±2.01

The gonado-somatic index describes the size (weight) of the gonad of the fish projecting
the spawning event to occur. G. giuris spawn throughout the year in Lake Mainit, but the
peak occurs once or twice a year (De Guzman et al 2009; Galicia & Lopez 2000). The
monthly values of the GSI are presented in Figure 2. The highest GSI values were
10.43% in November, followed by 9.51% in February, 8.98% in May, and 6.39% and
below for the rest of the months showing a trimodal peak.
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Figure 1. Monthly b-values of male and female Glossogobius giuris from June 2018 to
May 2019.

Figure 2. Monthly gonado-somatic index of Glossogobius giuris from June 2018 to May
2019.
Monthly gonad maturation is presented in Table 2. The monthly occurrence of developing
(stage 3) individuals is prevalent in the study with a peak of 88% in May followed by
68.18% in February and 66.67% in September. In immature (stage 1) individuals, higher
percentages were 62.5% in July and October followed by 60% in June and April, while
53.58% and below occurred in the rest of the months, except February and March, in
which this stage did not occur. The presence of maturing virgin (stage 2) and spent
(stage 5) individuals did not appear monthly and its frequency was very low in the
population. Unlike with gravid (stage 4) individuals, it occurred in 5 successive months,
from January to May, with a peak in March (42.86%), suggesting that more G. giuris are
most likely to spawn within these above-mentioned periods.
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Table 2
Gonad maturation of Glossogobius giuris from June 2018 to May 2019

Months
June 2018
July 2018
August 2018
September 2018
October 2018
November 2018
December 2018
January 2019
February 2019
March 2019
April 2019
May 2019

Stage 1
(Immature)
60.00
62.50
50.00
33.33
62.50
53.85
40.00
36.36

Stage 2
(Maturing
virgin)
20.00
12.50
6.25
7.69
9.09
14.29

60.00
4.00

Stage 3
(Developing)
10.00
25.00
50.00
66.67
25.00
38.46
20.00
18.18
68.18
42.86
20.00
88.00

Stage 4
(Gravid)

Stage 5
(Spent)
10.00

6.25
27.27
31.82
42.86
20.00
8.00

40.00
9.09

(%)
100
100
100
100
100
100
100
100
100
100
100
100

The fecundity of G. giuris is presented in Figure 3. A single peak was observed in March,
with 164448±72959 eggs per female. It was followed by May, with 125245±51036 eggs
per female, October with 105198±22872 eggs per female, November with 106770 eggs
per female, and the rest of the months with 98000 eggs per female and below.

Figure 3. Monthly fecundity of Glossogobius giuris from June 2018 to May 2019.
The growth pattern of G. giuris was described best in January because the b-values of
both male and female individuals rose from December to January and fell from January to
March, indicating that breeding activity seemed to occur within the aforementioned
period. This is strongly supported by the GSI values, February being one of the peaks
with 9.51%. Roy et al (2014) considered August and September, with 8.26% and 9.34%,
respectively, as a single peak in GSI for G. giuris in the Payra River, Patuakhali,
Bangladesh. Based on this study, 1 or 2 spawning peaks for G. giuris are eventually
occurring in Lake Mainit.
Conclusions. This study has validated the previous findings of the spawning period of G.
giuris in Lake Mainit. The spawning started in January (80048 eggs per female) and
continued to May (125246 eggs per female), with a peak in March (164448 eggs per
female). Any fishery management intervention by the local managers must consider the
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aforementioned spawning time to protect gravid G. giuris from capturing and allow them
to spawn in the natural environment so that the optimum yield of marketable sized G.
giuris will be sustained for future generations.
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