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Final Revisied
Comparison of Growth Pattern, Condition Factor, Gonadosomatic
Index of Manggabai (Glosogobius giuris) and Payangka (Ophieleotris
aporos) in Limboto Lake, Gorontalo, Indonesia

Abstract

Manggabai and Payangka are endangered native fishes in Limboto Lake due to continuous degradation in the lake. In addition, silting
lake along with its area that continues to narrow can threaten the life of both fishes although the government has stipulated restoration of
Limboto Lake as the ecosystem of the fishes. However, the current information on the fishes remains considerably limited in terms of
making it as a conservation strategy. This study aims to analyze the relationship between the total length and weight of Payangka and
Manggabai. Furthermore, it analyzes the condition factors and the gonasomatic index of the two fishes. The research method integrates
survey and laboratory techniques. The fishes are collected by using trap made of bamboo and motorcycle tires that are installed for three
days and the catches are 60 fishes including 30 Manggabai and 30 Payangka. Then the total length and weight of the fish and their
gonad weight were measured. Data analysis used mathematical formulation of the relationship between total weight and length,
condition factor, and gonadosomatic index. The result of the analysis shows that the growth pattern of the Manggabai was negative
allometric whereas the Payangka was positive allometric.The condition factor for both types is generally less than 1.7. The
gonadosomatic index of Manggabai ranges from 4.10-20.00% and Payangka ranges from 0.05-1.98%. These conditions indicate that
differences in growth pattern, condition factor, and gonadosomatic index are different forms of response to environmental conditions
and in the spawning season of both types of fish.

Keywords: Growth Pattern, Gonadosomatic Index, Condition Factor, Manggabai, Payangka, Limboto Lake
Running title: Payangka and Manggabai in Limboto lake

INTRODUCTION

Limboto Lake, which is the largest and also plays a significant role in Gorontalo Province, is included in the ten national
critical lakes, which are a priority to be restored. The multi-function of this Lake and others include an economic source, a
center of ecological wealth, a source of clean water, and a tourist destination (Gownaris et al. 2018; Joniak et al. 2013).
Furthermore, its ecological pressure continues as indicated by the depth, the decreasing area of the lake, and the polluted
water quality (Lihawa and Mahmud, 2017; Hasim, 2012). According to Hasim et al. (2017), the impact on the lake is that
the area which has a level of suitability for the application of the floating net cage system is only 0.36% (8.03 ha) while the
rest are not suitable. Therefore, it goes against the fact that the fishery activities on the lake are the primary economic
source for coastal communities (Hasim & Mopangga, 2018). Consequently, an ecological damage will threaten the fish’s
survival and, in turn, affect the welfare of community.

Two of the popular fish are Manggabai (Glosogobius giuris) and Payangka (Ophieleotris aporos), which are known as the
native fishes of Limboto Lake. Even (Soeroto, 1988) stated that Ophieleotris aporos in Tondano Lake was the introducer
of Limboto Lake in 1902, and they were the local fishes of the lake acclaimed by some residents. The existence of
Payangka in Gorontalo as an endemic fish was also conveyed by Tweedley et al. (2013). Ophieleotris aporos has a
rounded tail with black spots extending from the pectoral to the base of the caudal fin with a superior mouth position.
However, Glosogobius giuris has a tapered tail fin, with several black spots, and a terminal mouth position. They both
have important economic values as consumption fish for the Gorontalo people. Similarly, (Hossain et al., 2009; Dana et
al., 2019; Dinh and Tran, 2017) reported that, in some places, Glosogobius giuris is a source of animal protein that has
high economic value. Meanwhile, the increase in demand for both fishes in Gorontalo has signified an increase in fishing
activity too.

According to (Suryandari and Krismono, 2011), in 2006, the fish caught in the lake reached 19.8 tons and increased in
2007 to 26.3 tons, and enormously increased to 30.4 tons in 2008. Most of these fish species are Ophieleotris aporos and
Glosogobius giuris. Based on interviews with Limboto Lake fishermen and Gorontalo Fisheries Service officers, it found
that there was a reduction in fish production. For example, the present number of fish caught and their sizes have relatively
reduced compared to several years ago. However, the condition of the waters of the lake tends to decline. Based on
fertility, it is classified as a eutrophication lake (Hasim, 2012) due to the massive growth of macrophytes and microphytes.



Liu et al. (2017) and Scavia et al. (2014) stated that eutrophication is one of the problems in lakes, which is caused by high
concentrations of phosphate and nitrogen. Furthermore, changes in these limnological parameters affect the presence as
native fish in the lake.

A study covering their aspects of food, habitat, and water quality has been carried out by several researchers (Fazrin et al.,
2020; Suryandari and Krismono, 2011). However, detailed information comparing the two fish, including aspect of the
relationship between length and weight, condition factor, and gonads, are not available yet, especially in Limboto Lake.
Additionally, an information in relation to the length and weight, condition factor, and gonads are highly significant to
describe the ecological and physiological factors for management purposes (Rosli and Isa, 2012; Jumawan et al., 2016).
The two fishes are taken into consideration as they are native fishes from the lake that experiencing ecological pressure.

MATERIALS AND METHODS

Study area

The study was conducted in Limboto Lake, Gorontalo, Indonesia, which is in the geographic position 0°31'58' NL-
0°34'50' NL and 122°57'40' EL-123°02'14' EL. It is located at an altitude of 25 m above sea level with an area of 3000 ha
and an average depth of 2.5 m. Furthermore, its area is located in Gorontalo District and Gorontalo City (Lukman, 2010).
It has 25 rivers and tributaries that enter its waters and one tributary as an outlet.
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Figure 2. Fishing gear used by fishermen
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Procedure

The samples in this study were Manggabai and Payangka fishes. The number of samples is 60 fishes and each species
comprises 30 fish. The samples were obtained from the catch of fishermen who lived around Limboto Lake using
traditional fishing gear made of motorcycle tires and bamboo. (Figure 2). The samples that have been stored in a cold box
were transported to the laboratory of the Faculty of Fisheries and Marine Sciences, State University of Gorontalo to be
analyzed its weight, gonad, and total length using analytical scales and a caliper, respectively following the procedure
(Alavi-Yeganeh et al., 2018). Meanwhile, the treatment of the gonads followed the procedure of Mazzoni et al. (2019).

Data Analysis

The result of the length and weight relationship follows the equation W = a L°, where W= Fish Weight (gr), L = Total
length (cm), a and b constants (Madhavan et al., 2020; Alavi-Yeganeh et al., 2018). The condition factor uses Fulton's
equation (Suleiman et al., 2018) that is K = W.100/L%, where K is the condition factor, while W is the fish weight (gr),L
is the total length (cm) and -3 is the length coefficient. Meanwhile, the equation proposed by Ekawaty et al., ( 2018) states
that Gonadosomatic index (GSI) = (GW/ BW) X100%; GW is gonad weight, BW is body weight was used to compare the
GSI values of both fish using the T-test carried out upon two independent sample groups and the assumption of different
variants using Microsoft excel.

RESULTS AND DISCUSSION

In reference to the data collection in the lake, 60 fishes were captured where 30 of them were Manggabai and the rest 30
were Payangka and this result confirmed data revealed by local fishermen that the population of both fishes have been
greatly reduced, particularly for Payangka fish. Additionally, the population of both native fishes, particularly Payangka
fish, has been declining due to an excessive fishing and a worsening water quality in the lake (Krismono et al., 2018;
Paramata, 2014). The fish sizes illustrated the variation based on the total length as presented in Figure 3, which showed
that Glosogobius giuris is dominated by a length of 12-13 cm by 43%. Meanwhile, the dominant length of the Ophieleotris
aporos fish ranged from 8.2-8.9 cm by 30%. Figure 3 shows the trend that the total length of the two fish species are at the
lower interval. The result shown that the Ophieleotris aporos and Glosogobius giuris had an average length of 9.39 cm and
13.6 cm respectively and was relatively the same with that reported by Suryandari and Krismono (2011). However, some
of the factors that affect the abundance of Glosogobius giuris are water quality, such as contamination from intensive fish
farming activities and wild fishes (Lagbas et al., 2017).
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Figure 3. Total length distribution of Ophieleotris aporos and Glosogobius giuris in Limboto lake
Growth pattern

Analysis of the relationship between length and weight of both fishes is presented in Figure 4, and based on this, the value
of b is obtainable. The fish growth pattern is determined from the value of b, when b> 3, b <3, or b = 3, the growth pattern
is called positive allometric, negative allometric, or isometric growth pattern, respectively (Isa et al., 2012).
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Figure 4. relationship Length and weight of Ophieleotris aporos and Glossogobius giuris in Limboto lake.

The data analysis signifies that the relationship between total length and weight of both fishes are extremely strong in
which it is indicated by the value of the coefficient of determinant (R?) for both of which are 0.9352 for Payangka and
0.9328 for Manggabai. This suggests that the increase in total length is able to explain the weight gain of fish through
regression relationships. The value of b for the relationship between weight and total length of Payangka was 3.2214, the
growth pattern was positive allometric, while Manggabai had value of b < 3 for 2.7356 and its growth pattern was
negative allometric, which was the same as reported by (Suryandari & Krismono, 2011).

Lihawa & Sutikno (2009) stated that Limboto Lake is the estuary of rivers and tributaries whose water flows carry
sediment into the lake. The sediment then becomes the main factor of silting in the Limboto lake and reduces the area of
the lake column. On the other hand, there has been many aquaculture activities that are not environmentally friendly, such
as intensive pellet feeding for a long time in Limboto Lake. Pellet feed that is not utilized becomes waste which settles to
the bottom of the lake by 30% (McDonald et al., 1996). At the same time, in Limboto Lake, there is bibilo fishery activity.
When the harvest time and the bibilo is no longer functioning, the fishermen let it settle to the bottom of the lake so that it
becomes garbage (Hasim & Akbar, 2020). These various things have an impact on environmental factors in the demersal
zone of the lake as the habitat of Payangka and Manggabai. For example, the dissolved oxygen content especially at the
bottom of the lake is low, the high suspended solids, the air temperature increases, the feed is limited (Hermanto et al.,
2013; Krismono et al., 2018; Lihawa & Mahmud, 2017; Paramata, 2014). According to the report of Froese (2006);
Muchlisin et al. (2010); Das and Bordoloi (2014), many factors that affect the magnitude of the value of b include food
availability, aspects of water quality, fish behavior, the maturity of gonads, habitat, and sex.

Condition factor

The fish condition factor is generally influenced by their internal and external environmental conditions, and according to
the report of Gomiero and De Souza Braga (2005); Radkhah and Eagderi (2015); Faradonbe et al. (2015), there are some
factors that affect the condition of fish, which include, sex, maturity of gonads, climate, and availability of sufficient feed.
Furthermore, its value depicts the fish’s biological status in relation to its well-being. Based on this calculation on
Ophieleotris aporos, the value ranges from 0.74 to 1.11 and 0.67 to 1.14 for males and females, respectively. Meanwhile,
for Glosogobius giuris, it is from 0.61 to 0.91 and 0.67 to 1.00 in male and female, respectively. Furthermore, it indicates
that the two types of fish’s condition number is less than 1.7, which is relatively low, and also that the lake’s ecosystem iS
not optimal for the growth of both fish. In addition, it is consistent with the report (Hasim et al., 2017), which states that
the lake waters have experienced a significant decrease in quality, however, based on interviews with fishers at the
research location, it was stated that the size of both fish caught was smaller, and the number obtained was less than in
previous years. It shows that the exploitation of these two types of fish is very high in the lake. The fishing gear used by
fishermen in Limboto lake varies including gillnet, casting net, fishing rods, sero, trawl, ring nets, dayahu, motorcycle
tires, and bunggo (Krismono et al., 2018; Makmur et al., 2019). According to (Paramata, 2014) some of these fishing
gears are not selective towards the target so that they have an impact on overfishing. Based on the report of Suleiman et
al. (2018), several factors that influence condition factor are the quality control parameters of physics, chemistry, biology,
natural food collection, and fish exploitation. The T-test on the condition factor between both fish shows that the t count
value is greater than the t table for two directions (5.24> 2.00, and p-value <0.005). This explains that the condition factors
for the two types of fish are significantly different. In addition, it elucidates that the condition factor of both fishes is
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significantly different in which according to (Alam et al., 2013), the difference is caused by different behavior of fish
species towards the environment.

Gonadosomatic index

Based on observation, the gonadosomatic index of Glosogobius giuris varied between 4.10-20.00%, while Ophieleotris
aporos varied between 0.05-1.98%. The gonad maturity index value below 4.44% indicates that the fish are not ready to
spawn or are in the process of gonad development (Suryandari and Krismono, 2011). However, the Ophieleotris aporos
are not ready to spawn as indicated by the GSI value for <4.44%, while Glosogobius giuris has a higher gonad maturity
index. Furthermore, this difference was supported by the results of the T-test analysis (p <0.05), meaning that there was a
significant difference between the Gonadosomatic index of Payangka fish and Manggabai fish.

Figure 5. (A) Gonad of Manggabai; (B) Gonad of Payangka; (C) Manggabai; (D) Payangka

According to (Qambrani et al., 2016) Manggabai fish in Manchar Lake experience gonad maturity throughout the year and
its peak is in April-June. Meanwhile, according to Sulistiono (2012), Manggabai fish in Ujung Pangka waters, East Java,
has a peak spawning season in July-August. This means that the maturity of the Manggabai fish gonads in Limboto Lake
reflects the same conditions as in other places. Meanwhile (Putra et al., 2020) stated that Payangka in Bolanu Sau Lake
experiences spawning season in August-October. It Iso shows that when the research was carried out in Limboto Lake
(April) Payangka, the gonads were not mature yet. In addition, that environmental factors, season, and availability of feed
are factors that affect the maturity of the gonads (Sulistiono, 2012).

Conclusion: based on the research results it is concluded that: the relationship pattern of total length and weight between
Manggabai fish and Payangka fish is different; the value of the condition factor for the two types of fish is relatively low
for < 1.7; the gonadosomatic index of Manggabai fish is > 4.44% which means it is ready to spawn, while the
gonadosomatic index of Payangka fish is < 4.44% which means it is not ready to spawn. Therefore, in conformity with this
condition, one of recommendations for conservation strategy of the two types of fish is paying attention to the spawning
season aspect.

ACKNOWLEDGMENT

The authors sincerely thank the Postgraduate Program of State University of Gorontalo and Japesda, an NGO, for their
support during the completion of this research as well as the Hydrobiota Laboratory for the assistance within an entire
laboratory-related activities.

REFERENCES
Alam MM, Jahan SN, Hussain MA, De M, Goutham-Bharathi MP, Barroso Magalhdes AL, Ghaffar Mazlan A, Das Simon
K. 2013. Length-length relationship, length-weight relationship and condition factor of freshwater fish species of
Bangladesh. AACL Bioflux 6(5):498-509.
Alavi-Yeganeh MS, Aazami J, Varnosfaderany NM, Nozarpour N. 2018. Length-weight and length-length relationships of
Oxynoemacheilus frenatus (Heckel, 1843) and Petroleuciscus esfahani Coad & Bogutskaya, 2010 from the
Cheshmeh-Langan river, Iran. Journal of Applied Ichthyology 34(3): 768-770.



13

Das MK, Bordoloi S. 2014. Length-weight relationship and condition factor of lepidocephalichthys goalparensis pillai and
yazdani, 1976 in Assam, India. Journal of Applied Ichthyology, 30(1): 246-247.

Ekawaty R, Jatmiko I, Jimbaran B. 2018. Biologi Reproduksi Ikan Tongkol Komo, Euthynnus affinis ( Cantor , 1849 ) Di
Samudra Hindia Bagian Timur. Jurnal Iktiologi Indonesia 18(3): 199-208. [Indonesian]

Faradonbe MZ, Eagderi S, Naserabad SS. 2015. Length-Weight Relationships And Condition Factor Of Three Fish
Species From Taleghan River (Alborz Province, Iran). Journal of Advanced Botany and Zooology 2(3): 1-3.

Fazrin D, Hasim, Juliana. 2020. Bioekologi Ikan Manggabai (Glossogobius giuris) di Danau Limboto Provinsi Gorontalo.
Jurnal Sumberdaya Akuatik Indopasifik 4(2): 87—100. [Indonesian]

Froese BR. 2006. Cube Law, Condition Factor And Weight-Length Relationships: History, Meta-Analysis And
Recommendations. Appl. Ichthyol (22): 241-253.

Gomiero LM, De Souza Braga FM. 2005. The Condition Factor Of Fishes From Two River Basins In S&o Paulo State,
Southeast Of Brazil. Acta Scientiarum - Biological Sciences 27(1): 73-78.

Gownaris NJ, Rountos, KJ, Kaufman L, Kolding J, Lwiza KMM, Pikitch EK. 2018. Water level fluctuations and the
ecosystem functioning of lakes. Journal of Great Lakes Research, 44(6): 1154-1163.

Hasim. (2012). Desain Kebijakan Pengelolaan Terpadu dan Berkelanjutan pada Danau Limboto di Provinsi Gorontalo.
[Disertasi]Institut Pertanian Bogor. [Indonesian]

Hasim, Akbar MF. 2020. Ecosystem-Based on Bibilo Fishery Management as a Sustainability Strategy at Limboto Lake.
Proceedings of the 1st International Conference on Environmental Governance. Universitas Muhammadiyah,
Makasar, 25-26 Oktober 2019.

Hasim, Koniyo Y, Kasim F. 2017. Suitable Location Map Of Floating Net Cage For Environmentally Friendly Fish
Farming Development With Geographic Information Systems Applications In Lake Limboto, Gorontalo, Indonesia.
AACL Bioflux 10(2): 254-264.

Hasim, Mopangga H. 2018. Valuation the Fishery Economic Value Limboto Lake Gorontalo. Haya : The Saudi Journal of
Life Sciences ( SJLS )6-9.

Hermanto W, Nusinar S, Mulis. 2013. Struktur Komunitas lkan Di Perairan Danau Limboto Desa Pentadio Kecamatan
Telaga Biru Kabupaten Gorontalo. Jurnal llmiah Perikanan Dan Kelautan, (1): 168-176. [Indonesian]

Isa M, Basri M, Zawawi M, Yahya K, Nor S. 2012. Length-weight Relationships of Some Important Estuarine Fish
Species from Merbok Estuary, Kedah. Jurnal of Natural Sciences Research, 2(2), 8-18.

Joniak T, Jakubowska N, Wasielewska E. 2013. Degradation of the recreational functions of Urban Lake: A preliminary
evaluation of water turbidity and light availability (Strzeszynskie Lake, Western Poland). Polish Journal of Natural
Sciences, 28(1): 43-51.

Jumawan J, Abastillas S, Dicdican M, Cabag M, Gamolo E, Velasco J, Cabuga C, Mordeno Y, Requieron E, Torres M.
2016. Fluctuating asymmetry in the body shapes of goby fish Glossogobius giuris from Agusan River, Butuan City,
Agusan del Norte, Philippines. AACL Bioflux 9(1): 133-142.

Krismono, Nurfiarini A, Sugianti Y, Setiyo Hendrawan AL. 2018. Pengelolaan Perikanan Di Danau Limboto Pasca
Pengerukan. Jurnal Kebijakan Perikanan Indonesia 10(2): 63.

Lagbas AJ, Salvaleon JA, Ruyeras JINV. 2017. Zooplankton and white goby (Glossogobius giuris Hamilton 1822):
Correlation and fishers’ perception in selected sites in Laguna de Bay, Luzon Island, Philippines. Environment and
Natural Resources Journal 15(1) 1-18.

Lihawa F, Mahmud M. 2017. Evaluasi Karakteristik Kualitas Air Danau Limboto. Jurnal Pengelolaan Sumberdaya Alam
Dan Lingkungan 7(3): 260-266. [Indonesian]

Lihawa F, Sutikno. 2009. The Effect of watershed environmental conditions and landuse of sediment yield in Alo-Pohu
watershed. Indonesian Journal of Geography 41(2): 103.

Liu Y, Chen G, Hu K, Shi H, Huang L, Chen X, Lu H, Zhao S, Chen L. 2017. Biological responses to recent
eutrophication and hydrologic changes in Xingyun Lake, southwest China. Journal of Paleolimnology 57(4): 343—
360.

Lukman. 2010. Kondisi perikanan Danau Limboto dan potensi ikan payangka ( Ophieleotris aporos ). Proseding Seminar
Nasional Ikan VI, 381-389. [Indonesian]

Madhavan S, Karuppiah SK, Karuppiah K. 2020. Length-weight relationship of six coastal fish species from Gulf of
Mannar, South-east coast of India. Journal of Applied Ichthyology 36(3): 367-368.

Makmur S, Subaggja Fattah H, Rais A, Santiaji, PongMasak P. 2019. Kajian Stok Ikan di Provinsi Gorontalo.
Kementerian Kelautan dan Perikanan. [Indonesian]

McDonald M E, Tikkanen CA, Axler RP, Larsen CP, Host G. 1996. Fish simulation culture model (FIS-C): A
bioenergetics based model for aquacultural wasteload application. Aquacultural Engineering 15(4): 243-259.

Muchlisin ZA, Musman M, Siti Azizah MN. 2010. Length-weight relationships and condition factors of two threatened
fishes, Rasbora tawarensis and Poropuntius tawarensis, endemic to Lake Laut Tawar, Aceh Province, Indonesia.
Journal of Applied Ichthyology, 26(6): 949-953.

Paramata AR. 2014. Status Keberlanjutan Sumberdaya lkan Manggabai ( Glossogobius giuris ) Berbasis Ekosistem Di
Danau Limboto, Provinsi Gorontalo. [Tesis]. Universitas Hasanudin. [Indonesian]

Putra AE, Nurdin MS, Hasanah N, Ndobe S, Mansyur K. 2020. Sex Ratio and Size at First Maturity of Snakehead



14

Gudgeon (Giuris margaritacea) Caught with Gillnets at Bolano Sau Lake, Parigi Moutong District. Jurnal AgriSains
21(3): 111-118.

Qambrani Q, Scomro A, Palh Z, Baloch W, Tabasum S, Lashari K, Qureshi M. 2016. Reproductive Biology of
Glossogobius giuris (Hamilton), in Manchar Lake Sindh, Pakistan. Journal of Aquaculture Research & Development
07(01): 6-8.

Radkhah A, Eagderi S. 2015. Length-weight and length-length relationships and condition factor of six cyprinid fish
species from Zarrineh River (Urmia Lake basin, Iran). Iranian Journal of Ichthyology 2(1): 61-64.

Rosli NAM, Isa, MM. 2012. Length-weight and length-length relationship of longsnouted catfish, Plicofollis
argyropleuron (Valenciennes, 1840) in the northern part of Peninsular Malaysia. Tropical Life Sciences Research,
23(2): 59-65.

Scavia D, Allan J, Arend K, Bartell S, Beletsky D, Bosch N, Brandt S, Briland R, Daloglu I, DePinto J, Dolan DM, Evans,
MA, Farmer TM, Goto D, Han H, H6dk TO, Knight R, Ludsin SA, Mason D,Zhou Y. 2014. Assessing and
addressing the re-eutrophication of Lake Erie: Central basin hypoxia. Journal of Great Lakes Research 40(2): 226—
246.

Soeroto, B. 1988. Makanan dan Reproduksi lkan Payangka (Ophieleotris aporos (Bleeker)) di Danau Tondano.[Disertasi].

Institut Pertanian Bogor. [Indonesia].

Suleiman N, Yola I, Ahmed I. 2018. Biodiversity and condition factor of fish species from Challawa Gorge Dam.
International Journal of Fisheries and Aquatic Studies 6(3): 112-117.

Sulistiono. 2012. Reproduksi ikan beloso ( Glossogobius giuris ) di Perairan Ujung Pangkah , Jawa Timur Reproduction of
tank goby ( Glossogobius giuris ) in Ujung Pangkah Waters , East Java Penelitian dilaksanakan di Perairan Ujung.
Akuakultur Indonesia, 11(1), 64—75. [Indonesian]

Suryandari A, Krismono. 2011. Beberapa aspek biologi ikan manggabai (Glossogobius giuris) di Danau Limboto,
Gorontalo. Bawal 3(5): 329-336. [Indonesia]

Tweedley J, Bird D, Potter I, Gill H, Miller P, O’Donovan G, Tjakrawidjaja A. 2013. Species compositions and ecology
of the riverine ichthyofaunas in two Sulawesian islands in the biodiversity hotspot of Wallacea. Journal of Fish
Biology 82: 1916-1950.



Table of Final Responses

Question

Comment

How many location fish samples are taken?
Does this location represent every habitat for the
distribution of Payangka and Manggabai fish?
Are those locations is represent each habitat of
Payangka and Manggabai fish?

This study does not determine the
number of station and does not consider
the distribution of lake condition
representation. However, its locations
which refers to habit of fishermen in
fishing Manggabai and Payangka fishes
by utilizing fish trap made of used
motorcycles tires and bamboo are in
profundal and littoral zones.

How long does the sampling take? Does the
sampling time take into account seasonal
representations?

The fish trap is installed in the location
and is lifted in third day at 07.00 am.
This study does not consider the season.

Does the fishing gear used to catch this fish only
consist of one fishing gear?

The common fishing gears used by
fishermen in the lake are casting net,
gillnet, surrounding net, trawl, and trap
made of motorcycle tires and bamboo.
The last trap is used only for
Manggabai and Payangka fishes (it has
been included in the manuscript)

For lines 111-112, can author explain in more
detail what environmental factors are the key
factors affecting the growth patterns of fish? can
author explain the detail of environmental
factors that the key factors affecting the growth
patterns of fish?

The authors have revised the
manuscript by quoting Lihawa &
Sutikno (2009), Krismono, Paramata
(2014), Lihawa and Machmud (2017);
physicochemical parameters cover high
turbidity and water column
temperature; low dissolved oxygen and
toxi chemicals like ammonia. It
requires further research to ensure the
most influential factor to the
environment.

In lines 125-126 it states that there has been a
change in fish size, was there any previous
research regarding the size of the fish caught? It
is interesting when the author says that there is
high exploitation of payangka fish and
Manggabai, this statement will be more
interesting if fishing activities can be presented
in Limboto Lake.

The data have been in compliance with
an interview with fishermen as they
state that the number of Manggabai and
Payangka fishes continues to decline
and their sizes tend to be smaller.
Haryono (2004) also utters that the
number of Payangka fish in Limboto
Lake is extremely aboundant. However,
its production declines and it is in line
with statements of Paramata (2014) and
Krismono (2018).

If there is previous research related to the
spawning season of the two fish can be added to
support the statement on lines 138-140.

To the best of authors’ knowledge, the
only research concerning on gonads of
both fishes in Limboto Lake is
conducted by Suryandari and Krismono
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(2009) and it has been quoted in the
article. Meanwhile, the researches with
the same topic have been conducted by
many  researchers;  According to
(Qambrani et al., 2016), gonads of
Manggabai fish in Manchar Lake have
experienced maturation along the year
and its peak is from April to June. In
the meantime, Sulistiono (2012)
expresses that the peak of spawning
season for Manggabai fish in Ujung
Pangkah Waters, East Java is from July
to August. It indicates that the gonads
maturity of Manggabai fish in Limboto
lake illustrates the same condition with
other regions. Lastly, Putra et. al (2020)
states that the spawning season for
Payangka fish in Bolanu Sau Lake is
from August to October and it confirms
that the gonads of Payangka fish during
the research in Limboto Lake in April is
not mature yet.

7 In articles, the writer often says that the | The authors do not study environmental
environmental factors in Limboto Lake that | factor to Gonadosomatic index
influence the condition of the two fish can also | specifically, instead of referring it to
affect the Gonadsomatic Index? It would be very | Sulistiono (2010) who utters that
interesting if the author could discuss this. environmental, season, and feed

availability factors are the most
influential factors for gonads maturity.
Additionally, the authors do not
elaborate key environmental factor that
impacts GSI of the fishes. Therefore, a
future research is indispensable to
conduct.
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Abstract. Hasim, Tuheteru J, Fazrin DN. 2021. Comparison of growth pattern, condition factor, gonadosomatic index of Manggabai
(Glosogobius giuris) and Payangka (Ophieleotris aporos) in Limboto Lake, Gorontalo, Indonesia. Biodiversitas 22: xxxx. Manggabai
and Payangka are endangered native fishes in Limboto Lake due to continuous degradation in the lake. In addition, silting lake along
with its area that continues to narrow can threaten the life of both fishes although the government has stipulated restoration of Limboto
Lake as the ecosystem of the fishes. However, the current information on the fishes remains considerably limited in terms of making it
as a conservation strategy. This study aims to analyze the relationship between the total length and weight of Payangka and Manggabai.
Furthermore, it analyzes the condition factors and the gonasomatic index of the two fishes. The research method integrates survey and
laboratory techniques. The fishes are collected by using trap made of bamboo and motorcycle tires that are installed for three days and
the catches are 60 fishes including 30 Manggabai and 30 Payangka. Then the total length and weight of the fish and their gonad weight
were measured. Data analysis used mathematical formulation of the relationship between total weight and length, condition factor, and
gonadosomatic index. The result of the analysis shows that the growth pattern of the Manggabai was negative allometric whereas the
Payangka was positive allometric.The condition factor for both types is generally less than 1.7. The gonadosomatic index of Manggabai
ranges from 4.10-20.00% and Payangka ranges from 0.05-1.98%. These conditions indicate that differences in growth pattern, condition
factor, and gonadosomatic index are different forms of response to environmental conditions and in the spawning season of both types
of fish.
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INTRODUCTION

Limboto Lake, which is the largest and also plays a
significant role in Gorontalo Province, is included in the
ten national critical lakes, which are a priority to be
restored. The multi-function of this Lake and others include
an economic source, a center of ecological wealth, a source
of clean water, and a tourist destination (Gownaris et al.
2018; Joniak et al. 2013). Furthermore, its ecological
pressure continues as indicated by the depth, the decreasing
area of the lake, and the polluted water quality (Lihawa and
Mahmud, 2017; Hasim, 2012). According to Hasim et al.
(2017), the impact on the lake is that the area which has a
level of suitability for the application of the floating net
cage system is only 0.36% (8.03 ha) while the rest are not
suitable. Therefore, it goes against the fact that the fishery
activities on the lake are the primary economic source for
coastal communities (Hasim & Mopangga, 2018).
Consequently, an ecological damage will threaten the fish’s
survival and, in turn, affect the welfare of community.

Two of the popular fish are Manggabai (Glosogobius
giuris) and Payangka (Ophieleotris aporos), which are
known as the native fishes of Limboto Lake. Even
(Soeroto, 1988) stated that O. aporos in Tondano Lake was
the introducer of Limboto Lake in 1902, and they were the
local fishes of the lake acclaimed by some residents. The
existence of Payangka in Gorontalo as an endemic fish was
also conveyed by Tweedley et al. (2013). O.aporos has a
rounded tail with black spots extending from the pectoral to
the base of the caudal fin with a superior mouth position.
However, G. giuris has a tapered tail fin, with several black
spots, and a terminal mouth position. They both have
important economic values as consumption fish for the
Gorontalo people. Similarly, (Hossain et al., 2009; Dana et
al., 2019; Dinh and Tran, 2017) reported that, in some
places, G. giuris is a source of animal protein that has high
economic value. Meanwhile, the increase in demand for
both fishes in Gorontalo has signified an increase in fishing
activity too.

According to (Suryandari and Krismono, 2011), in 2006,
the fish caught in the lake reached 19.8 tons and increased

in 2007 to 26.3 tons, and enormously increased to 30.4 tons
in 2008. Most of these fish species are O.aporos and G.
giuris. Based on interviews with Limboto Lake fishermen
and Gorontalo Fisheries Service officers, it found that there
was a reduction in fish production. For example, the
present number of fish caught and their sizes have
relatively reduced compared to several years ago.
However, the condition of the waters of the lake tends to
decline. Based on fertility, it is classified as a
eutrophication lake (Hasim, 2012) due to the massive
growth of macrophytes and microphytes. Liu et al. (2017)
and Scavia et al. (2014) stated that eutrophication is one of
the problems in lakes, which is caused by high
concentrations of phosphate and nitrogen. Furthermore,
changes in these limnological parameters affect the
presence as native fish in the lake.

A study covering their aspects of food, habitat, and water
quality has been carried out by several researchers (Fazrin
et al., 2020; Suryandari and Krismono, 2011). However,
detailed information comparing the two fish, including
aspect of the relationship between length and weight,
condition factor, and gonads, are not available yet,
especially in Limboto Lake. Additionally, an information
in relation to the length and weight, condition factor, and
gonads are highly significant to describe the ecological and
physiological factors for management purposes (Rosli and
Isa, 2012; Jumawan et al., 2016). The two fishes are taken
into consideration as they are native fishes from the lake
that experiencing ecological pressure.

MATERIALS AND METHODS

Study area
The study was conducted in Limboto Lake, Gorontalo,

Indonesia, which is in the geographic position 0°31'58' NL-
0°34'50' NL and 122°57'40' EL-123°02'14' EL. It is
located at an altitude of 25 m above sea level with an area
of 3000 ha and an average depth of 2.5 m. Furthermore, its
area is located in Gorontalo District and Gorontalo City
(Lukman, 2010). It has 25 rivers and tributaries that enter
its waters and one tributary as an outlet.
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Figure 2. Fishing gear used by fishermen

Procedure
The samples in this study were Manggabai and Payangka

fishes. The number of samples was 60 fishes and each
species comprises 30 fish. The samples were obtained
from the catch of fishermen who lived around Limboto
Lake using traditional fishing gear made of motorcycle
tires and bamboo. (Figure 2). The samples that have been
stored in a cold box were transported to the laboratory of
the Faculty of Fisheries and Marine Sciences, State
University of Gorontalo to be analyzed its weight, gonad,
and total length using analytical scales and a caliper,
respectively following the procedure (Alavi-Yeganeh et al.,
2018). Meanwhile, the treatment of the gonads followed
the procedure of Mazzoni et al. (2019).

Data analysis
The result of the length and weight relationship follows

the equation W = a L°, where W= Fish Weight (gr), L =
Total length (cm), a and b constants (Madhavan et al.,
2020; Alavi-Yeganeh et al., 2018). The condition factor
uses Fulton's equation (Suleiman et al., 2018) that is K =
W.100/L"3, where K is the condition factor, while W is the
fish weight (gr),L is the total length (cm) and -3 is the
length coefficient. Meanwhile, the equation proposed by
Ekawaty et al., ( 2018) states that Gonadosomatic index
(GSI) = (GW/ BW) X100%; GW is gonad weight, BW is
body weight was used to compare the GSI values of both
fish using the T-test carried out upon two independent
sample groups and the assumption of different variants
using Microsoft excel.



RESULTS AND DISCUSSION

In reference to the data collection in the lake, 60 fishes
were captured where 30 of them were Manggabai and the
rest 30 were Payangka and this result confirmed data
revealed by local fishermen that the population of both
fishes have been greatly reduced, particularly for Payangka
fish. Additionally, the population of both native fishes,
particularly Payangka fish, has been declining due to an
excessive fishing and a worsening water quality in the lake
(Krismono et al., 2018; Paramata, 2014). The fish sizes
illustrated the variation based on the total length as
presented in Figure 3, which showed that G. giuris is
dominated by a length of 12-13 cm by 43%. Meanwhile,
the dominant length of the O. aporos fish ranged from 8.2-
8.9 cm by 30%. Figure 3 shows the trend that the total
length of the two fish species are at the lower interval. The
result shown that the O. aporos and G. giuris had an
average length of 9.39 cm and 13.6 cm respectively and
was relatively the same with that reported by Suryandari
and Krismono (2011). However, some of the factors that
affect the abundance of G.giuris are water quality, such as
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contamination from intensive fish farming activities and
wild fishes (Lagbas et al., 2017).

Growth pattern
Analysis of the relationship between length and weight of

both fishes is presented in Figure 4, and based on this, the
value of b is obtainable. The fish growth pattern is
determined from the value of b, when b> 3, b <3, or b = 3,
the growth pattern is called positive allometric, negative
allometric, or isometric growth pattern, respectively (Isa et
al., 2012).

The data analysis signifies that the relationship between
total length and weight of both fishes are extremely strong
in which it is indicated by the value of the coefficient of
determinant (R?) for both of which were 0.9352 for
Payangka and 0.9328 for Manggabai. This suggests that the
increase in total length is able to explain the weight gain of
fish through regression relationships. The value of b for the
relationship between weight and total length of Payangka
was 3.2214, the growth pattern was positive allometric,
while Manggabai had value of b < 3 for 2.7356 and its
growth pattern was negative allometric, which was the
same as reported by (Suryandari & Krismono, 2011).
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Figure 3. Total length distributions of Ophieleotris aporos and Glosogobius giuris in Limboto lake
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Lihawa & Sutikno (2009) stated that Limboto Lake is the
estuary of rivers and tributaries whose water flows carry
sediment into the lake. The sediment then becomes the
main factor of silting in the Limboto lake and reduces the
area of the lake column. On the other hand, there has been
many aquaculture activities that are not environmentally
friendly, such as intensive pellet feeding for a long time in
Limboto Lake. Pellet feed that is not utilized becomes
waste which settles to the bottom of the lake by 30%
(McDonald et al., 1996). At the same time, in Limboto
Lake, there is bibilo fishery activity. When the harvest time
and the bibilo is no longer functioning, the fishermen let it
settle to the bottom of the lake so that it becomes garbage
(Hasim & Akbar, 2020). These various things have an
impact on environmental factors in the demersal zone of
the lake as the habitat of Payangka and Manggabai. For
example, the dissolved oxygen content especially at the
bottom of the lake is low, the high suspended solids, the air
temperature increases, the feed is limited (Hermanto et al.,
2013; Krismono et al., 2018; Lihawa & Mahmud, 2017;
Paramata, 2014). According to the report of Froese (2006);
Muchlisin et al. (2010); Das and Bordoloi (2014), many
factors that affect the magnitude of the value of b include
food availability, aspects of water quality, fish behavior,
the maturity of gonads, habitat, and sex.

Condition factor
The fish condition factor is generally influenced by their

internal and external environmental conditions, and
according to the reports of Gomiero and De Souza Braga
(2005); Radkhah and Eagderi (2015); Faradonbe et al.
(2015), there are some factors that affect the condition of
fish, which include, sex, maturity of gonads, climate, and
availability of sufficient feed. Furthermore, its value
depicts the fish’s biological status in relation to its well-

being. Based on this calculation on O. aporos, the value
ranged from 0.74 to 1.11 and 0.67 to 1.14 for males and
females, respectively. Meanwhile, for G. giuris, it is from
0.61 to 0.91 and 0.67 to 1.00 in male and female,
respectively. Furthermore, it indicates that the two types of
fish’s condition number was less than 1.7, which is
relatively low, and also that the lake’s ecosystem is not
optimal for the growth of both fish. In addition, it is
consistent with the report of (Hasim et al., 2017), which
stated that the lake waters have experienced a significant
decrease in quality, however, based on interviews with
fishers at the research location, it was stated that the size of
both fish caught was smaller, and the number obtained was
less than in previous years. It showed that the exploitation
of these two types of fish is very high in the lake. The
fishing gear used by fishermen in Limboto lake varies
including gillnet, casting net, fishing rods, sero, trawl, ring
nets, dayahu, motorcycle tires, and bunggo (Krismono et
al., 2018; Makmur et al., 2019). According to (Paramata,
2014) some of these fishing gears are not selective towards
the target so that they have an impact on overfishing.
Based on the report of Suleiman et al. (2018), several
factors that influence condition factor are the quality
control parameters of physics, chemistry, biology, natural
food collection, and fish exploitation. The T-test on the
condition factor between both fishes showed that the t
count value is greater than the t table for two directions
(5.24> 2.00, and p-value <0.005). This explains that the
condition factors for the two types of fishes ware
significantly different. In addition, it elucidates that the
condition factor of both fishes is significantly different in
which according to (Alam et al., 2013), the difference is
caused by different behavior of fish species towards the
environment.



Gonadosomatic index
Based on observation, the gonadosomatic index of G.

giuris varied between 4.10-20.00%, while O. aporos varied
between 0.05-1.98%. The gonad maturity index value
below 4.44% indicates that the fish are not ready to spawn
or are in the process of gonad development (Suryandari and
Krismono, 2011). However, the O. aporos is not ready to
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spawn as indicated by the GSI value for <4.44%, while G.
giuris has a higher gonad maturity index. Furthermore, this
difference was supported by the results of the T-test
analysis (p <0.05), meaning that there was a significant
difference between the Gonadosomatic index of Payangka
and Manggabai.

Figure 5. (A) Gonad of Manggabai; (B) Gonad of Payangka; (C) Manggabai; (D) Payangka

According to (Qambrani et al., 2016) Manggabai in
Manchar Lake experience gonad maturity throughout the
year and its peak is in April-June. Meanwhile, according to
Sulistiono (2012), Manggabai in Ujung Pangka waters,
East Java, has a peak spawning season in July-August. This
means that the maturity of the Manggabai gonads in
Limboto Lake reflects the same conditions as in other
places. Meanwhile (Putra et al., 2020) stated that Payangka
in Bolanu Sau Lake experiences spawning season in
August-October. It Iso shows that when the research was
carried out in Limboto Lake (April) Payangka, the gonads
were not mature yet. In addition, that environmental
factors, season, and availability of feed are factors that
affect the maturity of the gonads (Sulistiono, 2012).

Conclusion: based on the research results it is concluded
that: the relationship pattern of total length and weight
between Manggabai fish and Payangka fish is different; the
value of the condition factor for the two types of fish is
relatively low for < 1.7; the gonadosomatic index of
Manggabai fish is > 4.44% which means it is ready to
spawn, while the gonadosomatic index of Payangka fish is
< 4.44% which means it is not ready to spawn. Therefore,
in conformity with this condition, one of recommendations
for conservation strategy of the two types of fish is paying
attention to the spawning season aspect.
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