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Community Structure and Spatial Pattern of Coral Reef Fishes in Nipah Bay, North Lombok Regency 
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ABSTRACT 
	Reef fishes are key indicators of reef condition and play an important role in linking benthic and pelagic processes. This study aimed to quantify the community structure and spatial variation of reef fishes in Nipah Bay, North Lombok. Surveys were conducted in July 2025 at three stations and two depths (3 m and 7 m) using underwater visual census along 70 × 5 m belt transects. All observed fishes were identified to species level, and total length was recorded to estimate biomass using family-specific length–weight relationships. Environmental parameters, including temperature, salinity, pH, current velocity, and total suspended solids (TSS), were measured concurrently. A total of 1,884 individuals belonging to 55 species, 32 genera, and 15 families were recorded. The assemblage was dominated by Pomacentridae, followed by Labridae and Acanthuridae, while Chaetodontidae were relatively scarce. Diversity indices indicated moderate to high diversity (H' = 2.13–3.02), high evenness (E = 0.67–0.86), and low dominance (D = 0.06–0.19). Descriptive analysis of community composition suggested variation in reef fish assemblages among stations, with relatively higher similarity between T1 and T2 compared to T3. Total fish biomass reached 58.07 g m⁻², with Acanthuridae contributing the largest proportion. Spatial variation in reef fish assemblages was likely influenced by benthic habitat characteristics, including structural complexity, substrate composition, and live coral cover, while water quality parameters were relatively homogeneous across sites. These findings provide baseline information on reef fish community structure and support future reef management and long-term monitoring in Nipah Bay.
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1. INTRODUCTION 

Coral reefs are among the most productive marine ecosystems and harbor exceptionally high biodiversity, underpinning both ecological processes and coastal economies. Ecologically, reefs provide primary habitat for a wide range of marine biota—serving as feeding grounds, spawning grounds, and nursery grounds (Rondonuwu et al., 2019). They also function as natural coastal defenses by attenuating wave energy and thereby reducing shoreline abrasion (Nasir et al., 2017). Economically, coral reefs support marine tourism (e.g., snorkeling and scuba diving) and sustain valuable capture fisheries and the ornamental fish trade (Maulana et al., 2016).
Reef fishes are keystone components of reef food webs with substantial economic and aesthetic value. Functionally, they contribute to ecosystem stability through herbivory, planktivory, and carnivory, and are widely applied as bioindicators of reef condition; declines in their abundance or diversity often reflect habitat degradation or intensified anthropogenic pressures (Setiawan et al., 2017). Consequently, quantifying reef fish community structure and spatial patterns provides a robust lens for assessing ecosystem health and informing sustainable management strategies.
Nipah Bay, located in Malaka Village, Pemenang Subdistrict, North Lombok Regency, is a prominent coastal area known for its marine tourism and coral reef ecosystems. The area has experienced increasing tourism activities and coastal utilization, which may influence reef condition and associated fish communities. Despite its ecological and economic importance, information regarding the structure and spatial patterns of reef fish assemblages in Nipah Bay remains limited. Previous studies in nearby areas of Lombok have reported spatial variability in reef fish communities, highlighting the influence of habitat characteristics and environmental factors. However, a site-specific assessment focusing on Nipah Bay is still lacking. Ridwan et al. (2023) reported 15 species from six families (549 individuals) in the coral transplantation area at Kecinan Beach; Putra et al. (2024) documented 76 species from 16 families (1,556 individuals) in the Gili Sulat–Gili Lawang Marine Tourism Park; and Irawan et al. (2024) recorded 34 species from 12 families at Pandanan Beach. However, to date there is no peer-reviewed account that specifically characterizes reef fish community structure in Nipah Bay.
Addressing this knowledge gap, the present study investigates the community structure and spatial patterns of reef fishes in Nipah Bay, North Lombok. The analysis encompasses diversity (H’), evenness (E), dominance (D), abundance, and biomass across two depth strata, and evaluates among-station similarity using the Bray–Curtis index. The findings are expected to provide an ecological baseline to support sustainable management of coral reef ecosystems and marine tourism in Nipah Bay, and to serve as a reference for long-term monitoring (Latuconsina, 2019).

2. material and methods 

2.1. Study site
Fieldwork was conducted in July 2025 in the waters of Nipah Bay, Malaka Village, Pemenang Subdistrict, North Lombok Regency (Figure 1). The study area represents a typical fringing reef ecosystem influenced by tourism and coastal activities. Three observation stations were selected to represent spatial variation in reef conditions.
At each station, surveys were conducted at two depth strata (3 m and 7 m), corresponding to the shallow reef flat and upper reef slope zones. These depth levels were selected to capture variations in habitat structure, light availability, and reef fish assemblages, as well as to represent common depth ranges used in reef fish ecological studies. The selected depths also reflect the natural zonation of coral reef ecosystems in the study area.
[image: ]
Figure 1. Study site map of Nipah Bay.

2.2. Reef fish surveys
Reef fish community structure was assessed using Underwater Visual Census (UVC) with belt transects measuring 70 × 5 m (effective width 2.5 m to each side of the transect line), following Giyanto et al. (2014) with minor field adjustments. For each station–depth combination, station, surveys were conducted at two depth strata (3 m and 7 m), with one transect deployed at each depth, resulting in a total of six transects across all stations. Transects were laid parallel to the shoreline to ensure consistency in sampling orientation and were positioned to represent the dominant habitat characteristics at each site. To minimize disturbance, transects were carefully deployed, and observations commenced after a 5–15 minute settling period to allow fish to resume natural behavior.
During each dive, all reef fish within the belt were recorded, including species identity, abundance, and estimated total length (cm). The effective survey area per transect was 350 m².
Species identification was performed in situ based on external morphology (body shape, color pattern, mouth/tail type, and diagnostic characters) following Giyanto et al. (2014) and Labrosse et al. (2002).
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Figure 2. Schematic of UVC belt-transect survey.

2.3. Water quality measurements
Measured parameters comprised current velocity, temperature, pH, salinity, and Total Suspended Solids (TSS). Current velocity was measured using a current kite (5 m line) and a stopwatch; temperature was obtained from a dive computer; pH was measured with a calibrated pH meter; salinity with a refractometer. TSS samples were collected at each station–depth, stored in a cool box, and analyzed gravimetrically in the laboratory. All measurements were recorded on a standardized datasheet.
2.4. Reef fish biomass estimation
Biomass estimation focused on seven target families (Serranidae, Lutjanidae, Lethrinidae, Haemulidae, Scaridae, Siganidae, and Acanthuridae). Individual body mass was estimated using the length–weight relationship:
W = a × Lb 	
where W is body mass (g), L is total length (cm), and a,b are family-specific constants (Giyanto et al., 2014). Total biomass per transect (g/m2) was computed as:
B = ∑W A
with A = 350 m2 (transect area). Target-family biomass was used as an indicator of ecological value and potential economic importance of the reef.
2.5. Community ecology indices
(a) Diversity (H’). Shannon–Wiener diversity index.
	The Shannon-Wiener diversity index is used to describe the structure of coral reef fish communities based on the number of species and individuals:
H′=−∑ pi ln pi
where pi = ni / N is the abundance of species –i and N is total abundance (Armanto et al., 2022). Classification (Fachrul, 2007): 
H′ ≤ 1: low diversity
1 < H′ ≤ 3: moderate diversity
H′ > 3: high diversity
(b) Evenness (E).
Describing the distribution of the number of individuals among species:
E = H′ ln / S
where S is species richness (Odum, 1993).
Classification: 
0 < E ≤ 0,5: low evenness
0.5 < E ≤ 0.75: moderate evenness
0.75 < E ≤ 1: high evenness
(c) Dominance (D).
Measuring the dominance level of a species within a community (Odum, 1993) :
D = ∑pi2
Classification (Labrosse et al., 2002): 
0 < D < 0.5: low dominance 
0.5 ≤ D < 0.75: moderate dominance
0.75 ≤ D ≤1: high dominance
2.6. Statistical analyses
Data on reef fish assemblages were analyzed descriptively based on species composition, abundance, diversity indices (Shannon–Wiener, H'), evenness (E), dominance (D), and biomass. Bray–Curtis similarity was calculated to provide a general overview of similarity among stations; however, given the limited sampling design and absence of replication, the results were interpreted descriptively and not used for statistical inference.

3. results and discussion

3.1. Reef-fish community structure and diversity
Across two depth strata in Nipah Bay, the survey recorded 1,884 individuals representing 55 species, 32 genera, and 15 families (Tabel 1). Overall abundance was dominated by Pomacentridae, followed by Labridae and Acanthuridae, whereas Chaetodontidae occurred at low abundance (Figure 3). Relative to nearby Pandanan Beach (Irawan et al., 2024: 554 individuals; 34 species; 12 families), Nipah Bay supports a richer assemblage, consistent with locally favourable habitat conditions.
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Table 1. Community structure (species-level composition) across stations and depths in Nipah Bay. 

	No
	Family
	Genus
	Species
	T1
	T2
	T3

	1
	Acanthuridae
	Acanthurus
	A. auranticavus
	+
	+
	-

	2
	
	
	A. olivaceus
	-
	-
	+

	3
	
	
	A. tristis
	+
	+
	-

	4
	
	Ctenochaetus
	C. striatus
	+
	+
	+

	5
	
	Naso
	N. caeruleacauda
	-
	-
	+

	6
	
	Zebrasoma
	Z. scopas
	+
	-
	+

	7
	Balistidae
	Rhinecantus
	R. verrucosus
	+
	-
	-

	8
	Chaetodontidae
	Chaetodon
	C. kleinii
	+
	+
	+

	9
	
	
	C. lunulatus
	+
	+
	+

	10
	
	
	C. melannotus
	+
	-
	-

	11
	
	
	C. triangulum
	-
	-
	+

	12
	
	
	C. trifascialis
	+
	-
	-

	13
	
	Forcipiger
	F. flavissimus
	-
	-
	+

	14
	Labridae
	Cirrhilabrus
	C. solorensis
	-
	+
	-

	15
	
	Gomphosus
	G. varius
	-
	-
	+

	16
	
	Halichoeres
	H. hortulanus
	+
	+
	-

	17
	
	
	H. podostigma
	+
	-
	-

	18
	
	
	H. scapularis
	-
	+
	-

	19
	
	Labrichthys
	L. unilineatus
	-
	+
	-

	20
	
	Labroides
	L. dimidiatus
	+
	+
	+

	21
	
	Thalassoma
	T. hardwicke
	+
	+
	+

	22
	
	
	T. jansenii
	+
	-
	-

	23
	
	
	T. lunare
	+
	+
	+

	24
	Mullidae
	Parupeneus
	P. macronema
	+
	-
	+

	25
	Nemipteridae
	Scolopsis
	S. bilineata
	+
	+
	+

	26
	Pinguipedidae
	Parapercis
	P. millepunctata
	+
	+
	+

	27
	Pomacanthidae
	Centropyge
	C. bicolor
	+
	+
	+

	28
	
	
	C. tibicen
	+
	-
	-

	29
	
	
	C. vlorikii
	+
	+
	-

	30
	Pomacentridae
	Amblyglyphidodon
	A. curacao
	+
	+
	-

	31
	
	Amphiprion
	A. clarkii
	+
	+
	-

	32
	
	Chromis
	C. caudalis
	+
	+
	+

	33
	
	
	C. margaritifer
	+
	+
	-

	34
	
	
	C. ternatensis
	+
	+
	+

	35
	
	
	C. viridis
	+
	+
	-

	36
	
	Chrysiptera
	C. rollandi
	+
	-
	+

	37
	
	Dascyllus
	D. reticulatus
	+
	+
	-

	38
	
	
	D. trimaculatus
	+
	+
	+

	39
	
	Dischistodus
	D. melanotus
	+
	-
	-

	40
	
	Neoglyphidodon
	N. melas
	+
	+
	-

	41
	
	Pomacentrus
	P. auriventris
	-
	-
	+

	42
	
	
	P. bankanensis
	+
	-
	+

	43
	
	
	P. coelistis
	+
	+
	+

	44
	
	
	P. lepydogenis
	+
	+
	+

	45
	
	
	P. moluccensis
	+
	+
	+

	46
	
	
	P. reidi
	+
	+
	-

	47
	Scaridae
	Chlorurus
	C. bleekeri
	-
	-
	+

	48
	
	
	C. capistratoides
	+
	+
	+

	49
	
	
	C. sordidus
	+
	+
	-

	50
	
	Scarus
	S. rivulatus
	+
	-
	+

	51
	Scorpaenidae
	Pterois
	P. antennata
	-
	+
	-

	52
	Serranidae
	Cephalopolis
	C. argus
	+
	-
	-

	53
	Siganidae
	Siganus
	S. fuscescens
	-
	+
	-

	54
	Tetraodontidae
	Arothron
	A. manilensis
	-
	+
	-

	55
	Zanclidae
	Zanclus
	Z. cornutus
	+
	+
	-



Pomacentridae dominated at all stations and depths (57–393 individuals per station). This pattern is typical of branching-coral frameworks (notably Acropora spp.) that provide refuge and feeding niches for small–medium planktivorous/omnivorous major reef fishes (Rosdianto, 2021). Labridae (primarily invertivores) and Acanthuridae (herbivores) formed the next most abundant groups and are functionally important for bio fouler control and algal suppression, respectively—processes that maintain benthic space for corals. Chaetodontidae, widely used as bioindicators of live-coral condition, were scarce, suggesting that live coral cover may be suboptimal at some sites (Aldyza et al., 2022).
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Figure 3. Community structure (family-level composition) across stations and depths in Nipah Bay.

3.2. Spatial–depth patterns and taxonomic richness

Taxonomic counts varied with depth among stations (Figure 4). At T1 and T3, 7 m harboured more families, genera, and species than 3 m, consistent with greater structural complexity and live coral cover at mid-depths, which increases niche availability via more refuge, feeding stations, and fine-scale rugosity (Ardian et al., 2020). At T2, the opposite pattern emerged: 3 m supported higher richness than 7 m, likely reflecting sand-dominated substrata at 7 m that reduce shelter and attachment surfaces. Such benthic simplification is known to depress fish richness and modify trophic composition (Riyantini et al., 2023; Armanto et al., 2022).

Ecological implications. The depth-linked shifts in richness indicate that benthic structure, rather than the water column, is the proximate driver of assemblage organization in Nipah Bay. Mid-depth sectors that retain branching/massive corals function as habitat-quality hotspots, promoting beta-diversity and potentially acting as thermal/hydrodynamic refugia that support cross-depth connectivity (Bellwood et al., 2004; Bongaerts et al., 2010; Graham & Nash, 2013; Wilson et al., 2007). Conversely, sandier mid-depths constrain invertivores and small site-attached planktivorous by limiting shelter and benthic prey fields (Friedlander & Parrish, 1998). Maintaining habitat heterogeneity is therefore essential to preserve functional completeness across depths (Nyström et al., 2000).


Figure 4. Taxonomic richness (families, genera, species) by station and depth.

3.3. Community indices (H’, E, D)

Shannon–Wiener diversity (H’) ranged 2.13–3.02, peaking at T1.7 m (H’ = 3.02; 37 species), indicating moderate–high diversity and balanced relative abundances. Evenness (E) ranged 0.67–0.86, consistent with stable communities, while dominance (D) was 0.06–0.19, implying low dominance. In combination, moderate–high H’, high E, and low D portray a functionally intact assemblage (Odum, 1971; Armanto et al., 2022). Although Pomacentridae are numerically dominant as a family, no single species overwhelmingly dominated the assemblage.

Ecological implications. High evenness and low dominance suggest diffuse resource capture across species and functional redundancy, properties linked to resistance and resilience against disturbance (Elmqvist et al., 2003; Mouillot et al., 2013; Nash et al., 2015). Such redundancy buffers key processes (herbivory, planktivory, invertivore), reducing the likelihood of phase shifts under perturbation (Hughes et al., 2007; Mumby et al., 2006). However, the low Chaetodontidae—despite favourable water-column conditions—signals benthic constraints (e.g., patchy/declining live coral) that may erode specialist functions (corallivory) and reduce response diversity.


Figure 5. Ecology index

3.4. Target-family biomass
For four target families (Acanthuridae, Scaridae, Serranidae, and Siganidae), total biomass reached 58.07 g m⁻² (Figure 6). Acanthuridae contributed the largest share (48.03 g m⁻²), followed by Scaridae, Serranidae, and Siganidae. The highest site-specific biomass occurred at T3.7 m (27.17 g m⁻²), followed by T1.3 m (9.22 g m⁻²) and T1.7 m (7.35 g m⁻²). Elevated Acanthuridae biomass likely reflects abundant algal resources and schooling/foraging behaviour (Guerra et al., 2023). Spatial biomass variation aligns with benthic heterogeneity; sites combining live coral and algal turf typically support larger herbivores and hence higher biomass (Souza et al., 2025).


Figure 6. Biomass (g/m²) of target families across stations and depths.

3.5. Community similarity (Bray–Curtis) and nMDS
Descriptive analysis of Bray–Curtis similarity indicated variation in reef fish assemblages among stations. Stations T1 and T2 showed relatively higher similarity in species composition compared to T2 and T3, suggesting spatial differences in community structure. However, these patterns should be interpreted with caution due to the limited number of samples. The observed variation in reef fish assemblages among stations is likely influenced by differences in habitat characteristics, such as coral cover, structural complexity, and substrate composition. However, due to the limited sampling design, the findings of this study should be considered preliminary. Further studies with increased replication are recommended to better capture spatial variability and strengthen statistical analysis.

3.6. Water quality and ecological implications
Mean temperature (29.6–29.7 °C), pH (7.6–7.9), current velocity (0.11–0.15 m s⁻¹), and TSS (0.0004–0.00068 mg L⁻¹) (Table 2) were within favorable ranges for coral reefs and reef fishes. ANOVA detected no significant differences among stations for salinity (p > 0.05) and temperature (p > 0.05); pH differed significantly (p = 0.012), with the highest value at T3 and lowest at T2; current velocity did not differ (Welch ANOVA p = 0.051); TSS differed significantly (p = 9.647 × 10⁻⁶) and was highest at T3. Because hydro chemical conditions were largely homogeneous and optimal, the primary drivers of among-station differences are best attributed to benthic habitat attributes (live coral cover, rugosity, substratum composition) rather than to the water column (Effendi, 2003; Patty, 2013; Hutabarat & Evans, 2000; Mandey et al., 2022; Permatasari, 2020; Siswanto, 2015). Notably, all values are well below/within national marine-biota standards (Government of Indonesia, PP No. 22/2021).


Table 2. Bray–Curtis similarity among stations
	Water Parameters
	Mean Value ± SE*

	
	T1
	T2
	T3
	Marine water quality standard 1

	Temperature
	29,6 ± 1,5E-15a
	29,7 ± 0a
	29,6 ± 1,5E-15a
	28  -  30

	pH
	7,8 ± 0,03a
	7,6 ± 0,08b
	7,9 ± 0,02c
	7 -  8,5

	Current (m/s)
	0,15 ± 0,004a
	0,11 ± 0,01a
	0,15 ± 0,11a
	-

	TSS (mg/L)
	0,0004 ± 2,46E-05a
	0,00044 ± 1,99E-05b
	0,00068 ± 2,09E-05c
	20


*Superscript letters that are the same indicate no significant differences among stations; 1Government Regulation/PP No. 22/2021.

3.7. Ecological synthesis and management implications

The assemblage exhibits a balanced structure—herbivory (Acanthuridae), invertivore (Labridae), and planktivory (Pomacentridae) are well represented—corroborated by moderate–high H’, high E, low D, and strong herbivore biomass. Nevertheless, low Chaetodontidae and the distinct composition at T3 identify priority areas for habitat-focused interventions. Recommended actions are: (i) protect and rehabilitate branching-coral microhabitats (e.g., Acropora spp.); (ii) mitigate local TSS sources and manage wave-exposed uses at T3; (iii) monitor sensitive indicators (Chaetodontidae) and implement quantitative benthic surveys (live coral cover, rugosity) to mechanistically link habitat to fish community patterns; and (iv) engage local stakeholders to balance tourism use and reef conservation.

3.8. Limitations and future directions

This study represents a single temporal snapshot (July 2025); monsoonal and interannual variability may influence assemblages. Future work should incorporate temporal replication and quantitative benthic measurements (e.g., point-intercept transects, structural complexity indices) to strengthen causal inference between benthic condition and fish community structure.

4. Conclusion

The reef fish assemblage in Nipah Bay consisted of 1,884 individuals representing 55 species, 32 genera, and 15 families, with Pomacentridae as the dominant family, followed by Labridae and Acanthuridae, while Chaetodontidae were relatively scarce. Community indices (H’ = 2.13–3.02; E = 0.67–0.86; D = 0.06–0.19) indicate a moderately diverse and relatively stable community structure without strong dominance by a single species. Spatial variation in species richness and composition was observed across stations and depths, suggesting heterogeneity in reef fish assemblages within the study area. These patterns are likely influenced by differences in benthic habitat characteristics, such as structural complexity, substrate composition, and live coral cover, rather than by water quality parameters, which were relatively uniform across sites. The total biomass of target reef fish families reached 58.07 g m⁻², with Acanthuridae contributing the largest proportion, highlighting the ecological importance of herbivorous fishes in maintaining reef ecosystem balance. Overall, this study provides baseline information on reef fish community structure in Nipah Bay. However, the findings should be interpreted with caution due to the limited sampling design, and further studies with increased replication are recommended to better capture spatial variability and strengthen ecological inferences for reef management and monitoring.
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