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ABSTRACT 

	Sedimentation can hinder coral recruitment and early survival, but its variation across Zanzibar reefs is poorly quantified for restoration planning. We assessed the temporal and spatial variability of sedimentation rates at three reef sites on Unguja Island, Zanzibar (Chumbe, Changuu, and Mnemba reefs), and their relationships with juvenile coral density and juvenile coral survival, during five seasonal periods in 2011–2012 using sediment traps and repeat juvenile coral surveys. During the study period, sedimentation rates at Chumbe ranged from 0.97 mg cm-2 day-1 in November 2011-January 2012 and 9.07 mg cm-2 day-1 in May-July 2011, from 1.69 mg cm-2 day-1 in May-July 2011 to 5.47 mg cm-2 day-1 in February-April 2011 at Changuu, and from 0.7 mg cm-2 day-1 in September-November 2011 to 1.4022 mg cm-2 day-1 in November 2011-January 2012 at Mnemba. On average, sedimentation rates were higher at Chumbe reef (4.67 mg cm-2 day-1) relative to Changuu (3.67 mg cm-2 day-1) and were lowest at Mnemba reef (1.22 mg cm-2 day-1). Sedimentation rates were highest and lowest on reef slopes and crests, respectively. High sedimentation rates at Chumbe were observed from May-July 2011, and low rates were measured from November 2011 to May 2012. At Changuu, high sedimentation rates were recorded between January and May 2012 and a low rate between May and October 2011. At Mnemba, high sedimentation rates were recorded between January 2012 and May 2012, and low rates were recorded between July 2011 and November 2011. There were no relationships between sedimentation rates, juvenile coral densities, and survival in reef sites. The results suggest that sedimentation was low and did not negatively impact juvenile coral densities or survival. Furthermore, the May-July period is not suitable for coral transplants at Chumbe, as is February-May at Changuu reef. The findings provide actionable guidance for scheduling reef restoration.
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1. INTRODUCTION
The increasingly growing human population along the coasts threatens coral reefs globally (Sauter et al., 2021; Sing Wong et al., 2022). These threats include increased sediment input into coastal waters. Sediments mainly result from changes in land-use practices (McLaughlin et al., 2003; Mameno et al., 2025), such as increased agricultural activities (MacManus, 1988; McCulloch et al., 2003; Neumann et al., 2025), coastal constructions (Brown, 1987), drilling and mining (Dodge and Vaisnys, 1977; Rogers, 1990, Dollar and Grigg, 2004; Cunning et al., 2019; Bhuyan et al., 2025), dredging and dumping of both liquid and solid wastes into the ocean (Rogers, 1990, Cole et al., 1993; Carreiro-Silva et al., 2022). These activities are intended to meet demands for nutrition, habitat, economy and sanitation, respectively. Additionally, beach erosion caused by powerful waves may significantly contribute to sediment resuspension, particularly on nearshore reefs, such as those found in Zanzibar (Muzuka et al., 2010). Such sediment load and resuspension in coastal waters may lead to sedimentation and turbidity stress on corals in adjacent coral reefs (Gove et al., 2023; Tuttle and Donahue, 2022; Ussi et al., 2024).   

Corals are sensitive to small changes in environmental conditions, due to their narrow physiological tolerance ranges (Endean, 1976; Pearson, 1981; Pastorok and Bilyard, 1985; Martell and Donner, 2025). Thus, slight variations in sedimentation rates outside these narrow tolerance ranges could be critical to coral growth, survival, and reef development (Roy and Smith, 1971; Gleason, 1998; Tuttle and Donahue, 2022; Lock et al., 2024; Good et al., 2025). Corals have different tolerance limits to sedimentation (Rogers, 1990; Fabricius, 2005; Minton et al., 2022). They remove sediment particles from their coral polyps using their tentacles (Fähse et al., 2023). Sediment removal, however, is an energy consuming process (Tuttle and Donahue, 2022; Zweifler et al., 2024). Thus, corals may fail to thrive when sediments accumulate on them faster than they can be removed (Victor et al., 2006). This situation partly explains why coral reefs are rarely found in areas adjacent to large river mouths and along sediment-laden coastal stretches (Spalding et al., 2001; Muzuka et al., 2010; Isacksson et al., 2019; Santana et al., 2023; Samperiz et al., 2025; Dehm et al., 2025). 

[bookmark: _Hlk212226792][bookmark: _Hlk212227015]Several studies have demonstrated that sediment loads impact corals and other reef organisms (e.g., Roy and Smith, 1971; Dodge and Vaisnys, 1977; Rogers, 1990; Humphrey et al., 2008; Mejia-Echeverry et al., 2018; Tuttle and Donahue, 2022; Bhuyan et al., 2025). Suspended sediment loads block light penetration to corals through light scattering and absorption (Woolfe and Larcombe, 1999; Lin et al., 2024; Lock et al., 2024). Extreme sedimentation smothers reef bottoms and clogs corals, preventing feeding and respiration (Babcock, 1991; Rogers and Ramos-Scharrón, 2022). Such physical characteristics of sediment loads have several biological consequences (Rogers, 1990; Good et al., 2025). Light hindrance reduces coral productivity as little food becomes available to corals from their endosymbiotic dinoflagellates (Woolfe and Larcombe, 1999). Smothering decreases the amount of available substratum for coral larval settlement (Rogers et al., 1984; Serrano et al., 2024), thereby reducing coral recruitment success (Sammarco, 1980; Wallace, 1985; Rogers and Ramos-Scharrón, 2022). Clogging of the corals' feeding and respiratory apparatuses causes physiological stress (Fabricius, 2005). The stress may lead to a change in energy allocation, such that more energy is directed towards propelling sediments away from the coral polyps, rather than being allocated towards growth and reproduction (Rogers, 1990; Rogers, 1983; Tuttle and Donahue, 2022; Ashey et al., 2024). Additionally, the physiological stress induced by sedimentation on corals makes them vulnerable to other threats such as competition, predation, bleaching, and disease (Carlson et al., 2022; Page et al., 2023).

In Zanzibar, studies of sedimentation rates on corals are limited to a few reef sites and have primarily focused on their impact on adult coral populations (e.g., Nzali et al., 1998; Muhando, 2003; Muzuka et al., 2010; Bravo et al., 20021). Information on temporal variability in sedimentation rates among reef habitats and their effects on the densities and survival of juvenile corals is limited. Such information is crucial for understanding sedimentation patterns on Zanzibar's reefs. Information on sedimentation patterns is required to set reef management strategies that include coral recolonization options, such as larval settlement enhancement and coral-fragment transplantation (Muhando, 2003). This study investigated the temporal and spatial variability in sedimentation rates at three reef sites over three-month intervals, from January 2011 to May 2012. Sedimentation rates were associated with juvenile coral densities and survival.

2. material and methods 
[bookmark: _Toc387777796][bookmark: _Toc402256625]2.1 Study sites
The study was carried out on three reef sites in Unguja Island: Chumbe, Changuu, and Mnemba (Fig.1a). While Chumbe reef is located on the western side of the Chumbe Island Coral Park, Changuu reef is situated on the eastern side of Changuu Island. Mnemba reef is located on the west side of Mnemba Island. Chumbe reef experiences rough sea conditions during the southeast monsoon (SEM) (April to September), while Changuu and Mnemba reefs become exposed to strong winds during the northeast monsoon (NEM) (October to March) (Painter, 2020). Changuu reef is located near sediment discharge points, such as the Zanzibar municipal dumping site at Maruhubi and the sewage outlets at Mizingani and Kinazini from Zanzibar municipal. Chumbe and Mnemba reefs are not located near sediment discharging points. All sites experience reversing tidal currents, with strong and long-lasting northward currents (Mwaipopo, 1990; Painter, 2020). Unlike Mnemba, Chumbe and Changuu reefs have well defined reef slopes, crests and flats. Fine sand and silt form the primary substrate at the end of reef slopes in all sites. Chumbe reef is close to the main traffic of Zanzibar-Dar es Salaam ferries, whereas Changuu and Mnemba reefs are not. Chumbe experiences relatively rough weather during the SEM period and calm conditions during the NEM period. Changuu and Mnemba reefs experience rough weather during NEM and relatively calm weather during SEM. 
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[bookmark: _Toc387780485][bookmark: _Toc387780799][bookmark: _Toc387781677][bookmark: _Toc387826240][bookmark: _Toc387828038]Figure 1a: Map showing the location of study sites; Chumbe, Changuu and Mnemba. Chumbe ( 06° 16′ 38.57″ S, 39° 10′ 31.06″ E), Changuu (06° 07′ 07.06″ S, 39° 09′ 59.74″ E)  and Mnemba (05° 48′ 58.71″ S, 39° 22′ 59.20″ E).
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2.2 Field methods
2.2.1 Sampling design
Two sampling plots (plot one and plot two - 50 m x 75 m, each) were established at each site (Fig. 1b.). Each plot was intended to be a replicate of the other, covering all available reef habitats (reef flat, reef slope and reef crest), and were located about 300m apart. Six-2m x 2m permanent quadrats were established on each plot; two quadrats in each habitat. The quadrats were placed on substrates suitable for coral recruitment, with at least 50% coverage of hard substrates available for coral recruits. The replicates plots were  intended to provide an authentic replication for within-site replicates, ensuring that site means and confidence intervals were not based on a single location. This was important to strengthen inference and reduce the chance that a local anomaly drives a site's results. Additionally, the two plots within each sampling site was for comparison to capture fine-scale heterogeneity to reveal the extent of small scale variation within a site.
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Figure 1b: Map showing location of sampling plots at Chumbe, Changuu and Mnemba reefs.

2.2.2 Sedimentation rates measurement
Sedimentation rates were determined at 90-day intervals from January 2011 to May 2012, using the method described by English et al. (1994). Twelve sediment traps (four traps per habitat) were deployed in the field at each sampling plot. The traps were 10.9cm high and 5.3cm in diameter, constructed from a PVC pipe (Plate 1). The sampling traps were tightly secured using cable ties to steel bars; the tops of the pipes were established 20cm above the sea bottom to avoid resuspension of sediments. The sediments were retrieved in April 2011, July 2011, November 2011, January 2012, and May 2012 from all sites, except for Mnemba, where the April 2011 data could not be retrieved due to strong winds in February 2011. The retrieved sediments were brought to the laboratory. The traps were cleaned and redeployed in the field soon after sediment retrieval on the same day. In the laboratory, samples were filtered using Whatman filter paper number 2 in a Buchner funnel. To remove salts from the sediments, the filtrate was rinsed by gently flowing approximately 200 mL of distilled water through the funnel. The sediment containing filter paper was then dried in the oven at 60 °C to a constant weight. The sedimentation rate was considered as the predictor variable, which was computed in milligram per centimeter sqaure per day (mg cm-2 day-1) (Gardner, 1980; Storlazzi et al., 2011) as: 
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Plate 1: Sediment trap set up

[bookmark: _Toc387777798][bookmark: _Toc402256627]2.2.3 Assessment of juvenile coral densities and survival 
Juvenile corals were defined as colonies with a canopy diameter of < 10 cm, distinguishable from microscopic coral spat (Bak and Engel, 1979). The same six permanent quadrats per station (two in each reef habitat) used to assess sedimentation rates were used to monitor juvenile corals. Within 2m × 2m quadrats, juveniles were identified to genus level, mapped for relocation, and monitored across sampling periods. Sampling was conducted in three month interval from April 2011 to May 2012. Juvenile coral density was expressed as individuals per square meter. Mortality was recorded when previously observed juveniles were absent or overgrown by algae (Plate 2). Survival rates were calculated as the proportion of juveniles persisting between sampling periods. For the relationship between juvenile coral density and sedimentation rates, data from April 2011, November 2011, and May 2012 were used for the Chumbe and Changuu reef sites, while data from November 2011 and May 2012 were used for Mnemba. This was due to the lack of data for Mnemba in April 2011. The November 2011 and May 2012 data were used for all reef sites. Juvenile coral density and survival rates were considered as response variables in this study. Due to differences in the magnitude of the predictor variable among sites, the relationships between sedimentation rates and juveniles' densities and survival were determined independently for each site.  
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[bookmark: _Toc387827968][bookmark: _Toc393356216][bookmark: _Toc393753591]Plate 2: Juvenile coral covered with algae

[bookmark: _Toc387777799][bookmark: _Toc402256628]2.3 Data analyses
Analysis of variance (ANOVA) was used to test for variations in mean sedimentation rates among sampling plots, reef habitats, seasons, and sites. The Hartley test was used to test for the validity of running parametric tests. Data that did not meet the parametric assumptions were either log- or square-root-transformed. Simple regression models (GLMs) were used to determine whether sedimentation rates were associated with the dependent variables: recruitment and post-recruitment survival rates of juvenile corals. Additionally, ANOVA (F-test) was used to test the significance of the regression slopes. All GLM analyses were performed using Statistica 7 software.
 
3. results
3.1 Sedimentation rates across sites, habitats, and temporal patterns
At Chumbe, sedimentation rates (mg cm⁻² day⁻¹) ranged from 0.97 during November 2011 -January 2012 to 9.07 during May - July 2011 (Fig. 2), with a site average of 4.67 mg cm⁻² day⁻¹. The overall minimum and maximum observed at Chumbe were 0.19 and 16.14 mg cm⁻² day⁻¹, respectively. At Changuu, rates varied from 1.69 mg cm⁻² day⁻¹ in May - July 2011 to 5.47 mg cm⁻² day⁻¹ in February-April 201, with a site mean of 3.66 mg cm⁻² day⁻¹ and an overall range of 0.64 - 8.75 mg cm⁻² day⁻¹. At Mnemba, sedimentation spanned 0.70 mg cm⁻² day⁻¹ in September - November 2011 to 1.64 mg cm⁻² day⁻¹ in February - May 2012, with a site mean of 1.22 mg cm⁻² day⁻¹, and a total range of 0.10 - 3.60 mg cm⁻² day⁻¹. Plot level comparisons within sites showed no significant differences between sampling plots in all sites (Fig. 3), hence data were aggregated at the site level. Among reefs, Chumbe exhibited significantly the highest sedimentation (4.67mg cm-2 day-1), group sizes were n = 60 per site (total N = 180), (ANOVA: F = 203.271, df = 2, P < .001), followed by Changuu (3.66 mg cm-2 day-1), whereas Mnemba had the lowest (1.22 mg cm-2 day-1).
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[bookmark: _Toc387831969]Figure 2: Mean sedimentation rates in month intervals among sites. Error bars denote 0.95 confidence intervals.
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Figure 3: Mean sedimentation rates at sampling plots. Error bars denote standard deviation of the mean.

Across sites, sedimentation was highest on reef slopes and lowest on reef crests (Fig. 4). Within-site habitat effects were significant at all reefs, group sizes were n = 20 per habitat per site (total N =180): Chumbe (ANOVA: F = 272.956, df = 2, P < .001), Changuu (ANOVA: F = 50.5471, df = 2, P < .001), and Mnemba (ANOVA: F = 123.1607, df = 2, P < .001), with markedly greater among-habitat variation at Chumbe relative to Changuu and Mnemba.
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[bookmark: _Toc387831971]Figure 4. Mean sedimentation rates at reef habitats. Error bars denote 0.95 confidence intervals.

Sedimentation varied through time at all sites (Fig. 2). At Chumbe, rates were significantly higher in May-July than during other sampling periods, group sizes were n = 24 for May – July and n = 36 for August - April per site (total N = 60): (ANOVA: F = 162.428, df = 4, P < .001). At Changuu, significantly elevated rates occurred from February to May, compared with other periods, group sizes were n = 24 for February - May and n = 36 for June - April per site (total N = 60): (ANOVA: F = 31.6894, df = 4, P < .001). At Mnemba, sedimentation was significantly higher during January - May than at other times, group sizes were n = 24 for January - May and n = 36 for June - April per site (total N = 60) (ANOVA: F = 20.3079, df = 3, P < .001).

3.2 Juvenile coral abundance, density, and seasonality
Across the 864 m² surveyed, 10,932 juvenile corals were recorded, spanning 13 families and 38 genera. Site-level contributions were disproportionately distributed, with Changuu accounting for 43% of the records, Chumbe for 30%, and Mnemba for 27%. Mean juvenile density (individuals m⁻² ± SE) differed significantly among sites, being highest at Changuu (16.4 ± 1.3), intermediate at Chumbe (12.2 ± 0.6), and lowest at Mnemba (10.3 ± 0.8), group sizes were n = 60 per site (total N = 180), (ANOVA: F = 14.671, df = 2, P < .001). Observed density ranges were 4.8 - 25.5 m⁻² at Chumbe, 3.8 - 49.0 m⁻² at Changuu, and 1.75 - 30.25 m⁻² at Mnemba. No significant plot-level effects were detected within sites; therefore, plot data were pooled for site-level inference.

At Chumbe, juvenile density did not vary among habitats, reef slope (10.4 m⁻²), reef crest (11.7 m⁻²), and reef flat (11.6 m⁻²) (Fig. 4). By contrast, significant habitat effects were evident at Changuu (ANOVA: F = 6.255, df = 2, P = .003) and Mnemba (ANOVA: F = 10.683, df = 2, P < .001), group sizes were n = 20 per habitat per site (total N =180). At Changuu, densities were low on the reef slope (11.6 m⁻²) relative to the reef flat (18.6 m⁻²) and reef crest (19.2 m⁻²). At Mnemba, densities were lowest on the reef flat (6.7 m⁻²) compared with the reef crest (10.7 m⁻²) and reef slope (13.4 m⁻²)

There was no significant inter-plot seasonal variation detected within sites (ANOVA: F = 0.182, df = 2, P = .83). When habitat data were pooled, seasonal differences between the Southeast Monsoon (SEM) and Northeast Monsoon (NEM) were also non-significant across all sites (ANOVA: F = 0.321, df = 2, P = 0.72), although modest site-specific shifts were apparent. Mean densities (individuals m⁻²) at Changuu were 17.73 (SEM) and 15.52 (NEM); at Mnemba, 10.38 (SEM) and 10.20 (NEM); and at Chumbe, 10.98 (SEM) and 11.42 (NEM). At the habitat level, no significant seasonal effect was detected within sites (ANOVA: F = 1.099, df = 4, P = .36). Nevertheless, non-significant trends indicated higher densities on reef flats and reef crests during SEM at Changuu, as well as higher densities on reef flats during SEM and on reef slopes during NEM at Mnemba.

[bookmark: _Toc387777802][bookmark: _Toc402256631]3.3 Relationships between sedimentation and juvenile coral density and survival
There was a weak negative relationship between sedimentation and juvenile coral recruitment density at Chumbe and Changuu reefs (Fig. 5). The relationships were not statistically significant, with only 2% and 3% of the change in juvenile coral density accounted for by the change in sedimentation at the former and latter reef sites, respectively. By contrast, juvenile coral recruitment density at Mnemba was significantly positively related to sedimentation (ANOVA; F = 8.0063, P = .009). However, the relationship was weak, in which only 27% (Fig. 5c) of the change in juvenile coral densities accounted for the explained change in sedimentation. Additionally, sedimentation was not related to the survival of juvenile corals at Chumbe reef, whereas sedimentation was positively associated with survival at Changuu and Mnemba reefs. The relationship was not statistically significant in either reef.
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Figure 5: Regression analysis between sedimentation rates and juvenile coral recruitment density at Chumbe reef (A), Changuu reef (B) and Mnemba reef (C); and between sedimentation rates and post- recruitment survival of juvenile coral at Chumbe reef (D), Changuu reef (E) and Mnemba reef (F). Doted lines denote 0.95 confidence intervals.

4. discussion
[bookmark: _Hlk212800874]Sedimentation dynamics within reef sites appear to be driven by monsoon wind regimes. At Chumbe, elevated sedimentation occurred from May to July (Fig. 2), coinciding with exposure to the Southeast Monsoon (SEM) due to the reef's orientation relative to prevailing winds. The results suggest that the bulk of the sedimentary material comprised reef-derived carbonate particles rather than terrestrial sediments. At Changuu and Mnemba, peak sedimentation occurred between February and May, when these reefs are exposed to the Northeast Monsoon (NEM) winds. The concurrence of higher sedimentation with stronger winds indicates that wind-driven waves promote the resuspension of carbonate sediments, thereby enhancing trap loads and driving monthly variability. The sedimentation pattern at Chumbe aligns with earlier observations by Muhando (2003) and Muzuka et al. (2010). Similarly, the patterns documented at Changuu and Mnemba mirror findings from Bawe reef in Zanzibar reported by Muhando (2003) and Muzuka et al. (2010). The possible reason could be because the trap-exposed flanks at Bawe, Changuu, and Mnemba all face NEM conditions. Collectively, these trends suggest that the locally calmer seasons, from November to May at Chumbe and from May to November at Changuu and Mnemba, are operationally favorable for coral transplantation and larval settlement, both due to improved accessibility and more conducive growth conditions.

Contrary to expectations, sedimentation rates were not highest at Changuu, despite its proximity to potential terrestrial inputs from the Maruhubi dumpsite and sewage outfalls at Mizingani and Kinazini. Instead, Chumbe exhibited the highest rates, followed by Changuu and Mnemba. A plausible explanation could be that mangrove stands at Maruhubi and adjacent seagrass meadows act as sediment filters, trapping a substantial fraction of land-derived material before it reaches Changuu reef. It is important to note that the measured sediments integrated both terrestrially derived and reef-derived (carbonate) sediments, which were not discriminated in this study. Consequently, terrestrial inputs may indeed have been relatively higher at Changuu, whereas carbonate resuspension driven by hydrodynamics may have been strongest at Chumbe. In general, terrestrial particles are finer than the typically coarse-grained carbonate reef sediments and are therefore more difficult for coral polyps to expel, potentially impairing polyp function.

Another factor likely shaping the observed patterns is the predominantly northward flow of ocean currents in the Zanzibar Channel (Shaghude et al., 2002; Muzuka et al., 2010), which can influence circulation between Unguja Island and the offshore islets adjacent to Zanzibar Town, particularly near Chapwani, Snake, and Changuu. Such currents may disperse suspended material northward, diverting sediments away from Changuu reef. Additionally, Bergman (1970) reported that Southeast Monsoon (SEM) winds are substantially stronger than those of the Northeast Monsoon (NEM). Accordingly, the elevated sedimentation at Chumbe is most plausibly attributable to intensified resuspension of bottom carbonate sediments under SEM forcing, in contrast to the weaker NEM driven hydrodynamics affecting Changuu and Mnemba.

In this study, sedimentation rates were consistently higher on reef slopes across sites (Fig. 4). The observed pattern plausibly attributable to enhanced resuspension driven by wave breaking and subsequent downslope transport of particulates. Notably, juvenile coral survival at Chumbe and Mnemba was greater on reef slopes than on reef crests or reef flats. Corals are known to actively clear settled particles using ciliary mucus transport and tentacular manipulation (Victor et al., 2006; Rogers and Ramos-Scharrón, 2022), and the hydrodynamic context is critical, as flow velocities are typically higher on reef slopes than in other habitats (Larcombe et al., 1995; Ashey et al., 2024). The elevated survivorship on slopes is therefore likely linked to stronger near-bed currents that limit net particle deposition on coral surfaces, thereby reducing sediment related stress and improving post settlement survival.

Although mean sedimentation at Chumbe and Changuu was approximately four and three-fold higher than at Mnemba, respectively, rates at all three sites remained below the lethal threshold of 10 mg cm⁻² day⁻¹ proposed by Rogers (1990). Sedimentation showed no detectable association with juvenile coral density or survival at Chumbe and Changuu (Fig. 5), and only weak positive relationships with both dependent variables at Mnemba. Collectively, these patterns indicate that sedimentation levels during the study were generally insufficient to constrain juvenile coral density or survival across sites. However, the May - July peak at Chumbe (Fig. 2) approached the lethal threshold, suggesting that occasional events at this site may intermittently reach levels detrimental to corals. Accordingly, coral transplantation or nursery activities at Chumbe should be avoided during the May-July period, as it appears operationally unsuitable due to the elevated risk of near-threshold sedimentation.
Placing these 2011–2012 results in today's context, the monsoon framework that likely drove most sediment resuspension (SEM ~ April-September; NEM ~ October–March) and the predominantly northward Zanzibar Channel flow (Mwaipopo, 1990; Painter, 2020), remain the first-order physical controls.   The observed pattern that higher sedimentation rates occur when each site is exposed to its "windward" season broadly persists (NEMC, 2024). However, reef condition and human pressures have changed significantly since the original study. Multiple mass-bleaching episodes (notably 2016 and the 2023–2024 global event) have been documented around Unguja, including at Chumbe and Mnemba, altering coral cover and taxa most prone to sediment stress (Ussi et al., 2019). Such community changes can modify how easily bottom carbonate sediments are generated and resuspended. Management has also improved. Mnemba Island Marine Conservation Area and long-standing protection at Chumbe continued. At the same time, broader governance and financing for marine conservation have expanded, factors that can minimize local stressors but do not eliminate climate-driven extremes (Yahya, 22021). Given these updates, it is reasonable to expect the study's seasonal ranking of sedimentation risk (e.g., SEM-exposed Chumbe peaking in May–July; NEM-exposed Changuu/Mnemba peaking in February-March)  to still be directionally valid, yet with higher variability and occasional spikes tied to stronger heatwaves and storminess that now occur on top of the monsoon winds. Consequently, the current restoration planning should still be guided by these findings, avoiding high-exposure months, and be linked with real-time thermal stress and wind forecasts, as well as site checks of post-bleaching substrate condition (rubble vs. consolidated framework), which strongly influences resuspension potential and trap loads (Ussi et al, 2024). 
4. Conclusion
Sedimentation dynamics across the three reefs on Unguja Island were seasonally structured and site-specific. Chumbe exhibited pronounced elevations from May to July, whereas Changuu and Mnemba peaked from February to May. Mnemba was relatively stable throughout the year, aside from a minimum in September-November. Across sites, absolute sedimentation followed the gradient Chumbe > Changuu > Mnemba, and was consistently highest on reef slopes. Importantly, observed rates remained below the putative lethal threshold of 10 mg cm⁻² day⁻¹ and were not associated with significant reductions in juvenile coral density or survival. From a management perspective, these patterns indicate that periods of elevated sedimentation are operationally suboptimal for restoration activities. Specifically, coral growth and out-planting at Chumbe should be avoided during the May-July period, while comparable activities at Changuu should be avoided during the February-May interval. Conversely, windows characterized by lower background loads offer more favorable conditions for transplantation and early post-settlement performance.
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