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This study investigates the age-based life-history traits of two groundfish species, the spotted moray eel (Gymnothorax moringa) and squirrelfish (Holocentrus adscensionis), found in Ascension Island and St Helena. Both islands are part of the UK Overseas Territories (UKOTs) and are known for their fish biodiversity. The research aims to provide essential life-history information to support sustainable management of these species within the Marine Protected Areas (MPAs) of Ascension Island and St Helena. A total of 556 fish samples were collected between 2014 and 2021, with 279 individuals of G. moringa and 277 individuals of H. adscensionis. We found significant differences in life span, adult body size, and growth rates between the two islands for both species. G. moringa exhibited longer life spans (32 vs 29 years) and faster growth rates at Ascension Island compared to St Helena, while H. adscensionis showed larger adult sizes at Ascension Island but shorter life spans (21 vs 27 years) compared to St Helena. The study highlights the importance of developing locality-specific species life history data collections to monitor population dynamics in MPA areas. This biological information is essential to allow future assessment programs on the potential impacts of climate change and inshore human activities, including the impacts of inshore fisheries. Future research should focus on reproductive biology, size and age at maturity, and migration patterns to enhance the accuracy of sustainability assessments for these fisheries.
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Introduction

Ascension Island and St Helena are isolated islands in the tropical South Atlantic. Both are hotspots of pelagic biodiversity, which attracts high abundances of commercially important fish species within their Exclusive Economic Zone (EEZ). Both are part of the UK Overseas Territories (UKOTs), which are collectively responsible for around 90% of the UK’s biodiversity and include a number of endemic and endangered species. The Marine Protected Areas (MPAs) of the UKOTs currently cover over 1% of the world’s oceans and play an important role in safeguarding marine environments around the world (Marine Conservation Institute, 2025). In 2019, the Ascension Island Council designated a large Marine Protected Area (MPA), covering its entire EEZ of around 445,000 km2. The St Helena MPA, designated by St Helena Government in September 2016, encompasses the island’s entire EEZ and territorial sea of around 448,000km2. Excepting a small amount of inshore recreational fishing, the Ascension MPA is fully no-take, whereas the St Helena MPA is a Category VI ‘Protected area with sustainable use of natural resources’, following International Union for Conservation of Nature (IUCN) descriptions (Day et al., 2019). Sustainable, low-impact, human use of marine resources is permitted, provided it does not undermine the MPA’s objectives. As such, only one-by-one fishing methods are permitted within the St Helena MPA (handlines, pole-and-line, pots, by hand, spear gun) (St Helena Marine Management Plan, 2023). Other human activities (marine tourism and marine development activities) are only permitted if they are compatible with the goals and objectives of the St Helena Marine Management Plan.

In addition to highly migratory pelagic species (e.g. Thunnus albacares yellowfin tuna, Thunnus obesus bigeye tuna, and Acanthocybium solandri wahoo), Ascension Island and St Helena host a range of inshore fish species that can be found around each island and some of the larger seamounts. Around Ascension Island, the only fishing still permitted is recreational (shore- or boat-based) which targets mainly rockhind grouper, moray eel, and glasseye snapper, and other species including squirrelfish. In St Helena, fishing pressure inshore is largely commercial, targeting yellowfin, wahoo, and grouper, amongst other species. Recently, an Inshore Fisheries Management Strategy in Ascension Island (2023) and a Fisheries Ordinance (2021) in St Helena have been proposed to secure social, economic and environmental objectives. Consultation with local communities highlighted that data and information regarding stock status and species life history is lacking for several targeted species.

Life-history parameters for many demersal reef fish populations around Ascension Island are often based on data collected from St Helena, meaning that Ascension Island fisheries are considered to be data-poor or data-limited. It has been demonstrated that life history parameters (growth rates, body size, life span, maturation rates, etc.) vary within species across a range of geographical scales, including on localized scales as a result of locality-specific environmental impacts (e.g. Pears et al., 2006; Caselle et al., 2011; Hamilton et al., 2011; Berumen et al., 2012; Trip et al., 2008; Visconti et al., 2020). These intraspecific variations in life history traits place constraints upon the reproductive potential of a given fish stock, with clear implications for effective fisheries management of these fisheries (Hawkins and Roberts, 2004; Hamilton et al., 2007). It is important to build relevant locality-specific data for use in stock assessments for the two locations separately, including for example, catch levels, a timeseries of abundance, and biology (i.e. age/size distribution, and/or sex ratio).

This study aims to provide missing age-based life-history information for the sustainable management of two local ground fishery species, which both occur across Ascension Island and St Helena, these being the spotted moray eel Gymnothorax moringa and squirrelfish Holocentrus adscensionis. Historical catch data on groundfish species from St Helena show stable trends for both G. moringa and H. adscensionis, with no significant changes across years (Edwards 1990; St Helena Marine Management Plan, 2023). On the other hand, catch data for Ascension Island is very limited, with the main focus being only on big pelagic species and grouper. A data collection program was established to support sustainability assessments of these two exploited fish species. Age-based data was collected to (i) establish baseline life-history information for G. moringa and H. adscensionis, and (ii) describe differences within each of the two species across Ascension Island and St Helena, to provide an evidence base for fishery management decisions as required under the objectives of each MPA’s Management Plans and associated strategies for both Ascension and St Helena islands.





Materials and methods




Ascension Island sampling

Ascension Island is an isolated volcanic island located at 7°56′S 14°25′W, surrounded by a narrow band of shallow water habitat due to the steep sides of the volcano. Ascension Island’s coastal habitat includes rocky volcanic reef, boulder field, sand and rhodolith beds, and the sea surface temperature is relatively constant across seasons, between 22°C and 29°C all year round. The entire island experiences the strong currents and heavy swells from the Atlantic South Equatorial Current, with the north-western side being the comparatively more sheltered part of the island. Fishing for moray eel and squirrelfish most commonly occurs around the north-western side of the island from small recreational boats or from the rocks where there are accessible areas along the coastline. Gear types include rod and reel, handline and spearfishing. Eels are also often caught along the coastline by baiting them into shallow rock pools (Edwards 1990; St Helena Marine Management Plan, 2023).





St Helena sampling

St Helena is an isolated oceanic island in the south Atlantic located at 15.96°S, 5.70°W with a rapid drop-off in bottom depth resulting in a narrow continental shelf. Sea surface temperatures in St Helena are warmest in March (median = 25.6˚C) and coolest in October (median = 20.2˚C), with large-scale temperature changes across the EEZ over the course of a year and warmest temperatures in the north of the EEZ. Commercial fishing for both species occurs all-round St Helena, though more typically on the leeward (western) side of the island. St Helena experiences moderate wind speeds over the year with slightly higher winds during the winter months and during spring months. In terms of current speed, there is a moderate East-West surface current with low variation across the year.





Sample collection

A total of 279 moray eel G. moringa and 277 squirrelfish H. adscensionis were collected from St Helena and Ascension Island (total of 556 fish) (Table 1). All fish were collected between 2014 and 2021 during surveys, from periodic pierhead sampling, fishing competitions and research activities using handline (8–12 hooks) and droppers. All fish were collected as part of catch sampling programs conducted by the Governments of Ascension and St Helena. (Figure 1). For each individual fish collected, total length (moray eels) and fork length (squirrelfish) was measured to the nearest centimeter, and sagittal otoliths were dissected out and stored in envelopes or vials before processing.


Table 1 | Sample sizes of fish collected for moray eel G. moringa and squirrelfish H. adscensionis at Ascension Island and St Helena.
	Species
	Ascension Island
	St Helena
	Total N



	Gymnothorax moringa
	67 (42)
	212 (212)
	279 (254)


	Holocentrus adscensionis
	118 (101)
	159 (156)
	277 (257)


	Total N
	185 (143)
	371 (368)
	556 (511)





In brackets are shown sample sizes of interpretable otoliths for which size data was available for the two species at each sampling location, providing the dataset used for all analyses in this study.
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Figure 1 | Map of both Ascension Island and St Helena showing the bathymetry of each island and their relative position within the South Atlantic Ocean.





Otolith preparation and age determination

For each fish sampled, both sagittal otoliths were extracted and preserved dry or in ethanol. Otoliths of G. moringa were mounted in specifically prepared molds and covered with black polyester resin left to cure overnight. Transverse sections of otoliths were prepared following Bedford (1983) with some adjustments. The otoliths were sectioned on a high or low speed saw, with sections to varying thicknesses from 250μm to 450μm. Strips were mounted on glass slides with up to 4 strips per slide and covered with a clear epoxy resin and a glass cover slip. On the other hand, H. adscensionis otoliths were prepared according to Robbins and Choat (2002) and Visconti et al. (2018) with some modifications. Each otolith was mounted on a glass slide with thermoplastic cement (Crystalbond 509) and subsequently ground from the posterior and anterior margins to obtain a thin transverse section through the nucleus using a diamond polish wheel with P1200-grade wet and dry sandpaper.

From the 556 fish sampled, otoliths from 511 samples (254 G. moringa and 257 H. adscensionis, Table 1) were considered suitable for age estimation by two expert readers under transmitted light (examples of sections for both species are shown in Figures 2A, B). Annual growth increments were identified for each species and age-determination protocols were established.

[image: Microscopic images of fish otoliths showing growth rings highlighted with yellow dots. The top images display larger sections with scale bars labeled one thousand micrometers. The bottom images show closer views with five hundred micrometer scale bars. The rings are marked for measurement and analysis.]
Figure 2 | Sectioned otoliths of squirrelfish H. adscensionis aged 5 years (A) and 25 years (B) old, and moray eel G. moringa aged 6 years (C) and 25 years (D) old from Ascension Island. Yellow dots represent the position of the annual ring.

Otolith increments (i.e. one opaque zone and one translucent zone) from each otolith section were read twice by two experienced readers (Panfili et al., 2002). Otoliths were given a final count by each reader and, if the count agreed between readers, that count was used as the final age. When counts differed, an agreed final age was assigned after a joint reading by both readers. If no pattern was visible in the otolith section, an age was not assigned.





Life span, and mean adult body size

Mean maximum age of the 10% oldest individuals was calculated for each species at both locations, as a proxy for life span. Similarly, mean maximum size of the 10% largest individuals was calculated for the two species at both locations, as a measure of mean adult body size. Life span and mean adult body size are presented with standard error estimates.





Modelling of growth

For each species at both locations, the sizes-at-age of the individual fish was fitted with the traditional von Bertalanffy Growth Function (VBGF) to estimate growth, following the equation:

Lt=L∞[1−e−K(t−t0)]



where Lt (cm) is estimated size-at-age t, L∞ (cm) is mean asymptotic size, K (year-1) is a curvature parameter and t0 (years) is age at which fish have a theoretical size of zero. The VBGF was fitted by constraining the y-intercept of the curve to an approximate size at settlement L0 of 8 mm FL for H. adscensionis and 15 mm FL for G. moringa (Tyler et al., 1993; Zokan et al., 2022). 95% confidence ellipses surrounding the VBGF estimates of parameters L∞ and K were estimated (Kimura, 1980).






Results

Otolith-based analysis of age and growth of G. moringa and H. adscensionis allowed the establishment of baseline life history information for both species, and describe differences in growth rate, body size, and life span within each of the two species between Ascension Island and St Helena. Both species varied in life span, mean adult body size, and growth between the two island territories; however, the pattern by which the two species differed in these traits between Ascension Island and St Helena was different between the two species.

G. moringa lived longer, grow faster initially, and reached a smaller adult size as a result of a reduced adult growth at Ascension Island than at St Helena (Table 2; Figure 3A). Examination of the population age structure indicated that the greater life span for G. moringa at Ascension Island was associated with a greater number of individuals in the younger age classes, despite individuals being present in age classes up to 32 years. The variation in adult size was mirrored in the size distributions of G. moringa across the two islands, revealing a distinct difference in size structure between locations; St Helena fish occupied larger size classes absent in Ascension Island (Figure 4A). In terms of growth, G. moringa displayed a clear pattern of “crossed” growth trajectories (Figure 3A). As evidenced by the higher growth coefficient K at Ascension Island (K = 1.18) than at St Helena (K = 0.26), G. moringa had faster initial growth rates over the first two years of life at Ascension Island than at St Helena (Figure 3A; Table 2). Faster initial growth was associated with smaller adult body size of G. moringa at Ascension Island, with no overlap in the 95% confidence ellipses around the best-fit VBGF parameters K and L∞, suggesting that these differences were significantly different: G. moringa at Ascension Island showed a higher K value and smaller L∞ that at St Helena (Figure 3A insert).


Table 2 | Summary table showing maximum age (years), mean maximum age as a proxy for life span life span (mean age of 10% oldest individuals), maximum size (Fork Length, in cm), mean maximum size as a proxy for adult size (mean size of the 10% biggest individuals), and VBGF growth parameters L∞, K and t0.
	Parameters
	Gymnothorax moringa
	Holocentrus adscensionis


	Ascension Island
	St Helena
	Ascension Island
	St Helena



	Maximum age (years)
	32
	29
	21
	27


	Mean maximum age (years) +/- SE
	27.8 +/- 0.5
	24.6 +/- 0.2
	12.5 +/- 0.4
	21.1 +/- 0.2


	Minimum size landed (FL, cm)
	68
	84
	8.1
	15


	Maximum size (FL, cm)
	121
	147
	32 (9 years old fish)
	32 (19 years old fish)


	Mean maximum size (FL, cm) +/- SE
	110 +/- 1
	119.6 +/- 0.7
	30.3 +/- 0.1
	27.9 +/- 0.1


	L∞
	103.8
	118.0
	30.9
	27.2


	K
	1.18
	0.26
	0.40
	0.54


	t0
	-0.13
	-0.51
	-0.07
	-0.07







[image: Scatter plots in panels A and B show fork length versus age for two fish species. Panel A includes Ascension and St. Helena islands, depicting black and grey lines respectively, with a detailed inset plot. Panel B also compares Ascension and St. Helena with a similar layout and an inset. Fish illustrations accompany each plot.]
Figure 3 | Size-at-age and growth trajectories of (A) moray eel G. moringa and (B) squirrelfish H. adscensionis at Ascension Island (black dots, continuous line) and St Helena (white dots, dashed line). Size-at-age data were fitted with von Bertalanffy Growth Function (Table 2 shows VBGF growth model parameters of best-fitted growth curves below). Inserts show 95% confidence ellipses around VBGF growth parameters K and L∞..

[image: Four bar graphs compare the number of fish by size class and age for two groups, ASC and STH.   Panel A shows size classes in millimeters from 0 to 149.9, with notable peaks for both groups between 100-119.9 mm.   Panel B shows size classes from 0 to 33.9 mm, with a notable peak for STH at 25-27.9 mm.   The third graph illustrates fish age from 0 to 30 years, with peaks for STH around 10 years.   The fourth graph shows age from 0 to 25 years, with peaks for both groups around 5 years.]
Figure 4 | Population size and age structure of (A) G. moringa and (B) H. adscensionis at Ascension Island (ASC) and St Helena (STH).

The patterns found for H. adscensionis in life span, adult body size and growth between Ascension Island and St Helena contrasted with that found for G. moringa, with an opposite direction in the response in life span and adult body size between these two locations. In contrast to G. moringa, maximum age and life span of H. adscensionis showed a comparatively younger maximum age and shorter life span but larger maximum sizes at Ascension Island than in St Helena (Table 2; Figure 4B). Comparison of the mean size of the 10% largest individuals showed that, on average, H. adscensionis reached larger body sizes at Ascension Island than at St Helena (Table 2). This coincided with a greater L∞ for H. adscensionis at Ascension Island (L∞ = 30.3 cm) than at St Helena (L∞= 27.9 cm), indicating greater adult body sizes at Ascension Island for this species (Table 2; Figure 3B). Furthermore, the growth trajectories of H. adscensionis overlapped over the ascending part of the curve between the two locations, although there was a lower value of growth coefficient K at Ascension Island (K = 0.4) than at St Helena (K = 0.54). Comparison of the 95% confidence ellipses around K and L∞ showed an overlap for K, indicating no significant difference in growth rate for this species between the two locations. In contrast, there was a significant difference in L∞, confirming the patterns found in mean maximum sizes, with a significantly greater L∞ at Ascension Island than at St Helena (Figure 3B, insert).





Discussion

This study provides essential biological information on the life history of two Ascension Island and St Helena groundfish species Gymnothorax moringa and Holocentrus adscensionis. We observed differences in life span, growth, and body size for both species between the two islands, although the direction of variation within each species differed between the two locations. There were significant differences in life span, adult body size, and growth rates between the two islands for both species: G. moringa exhibited longer life spans, faster initial growth rates and smaller adult body sizes at Ascension Island compared to St Helena, while H. adscensionis showed similar growth rates but larger adult sizes and shorter life spans at Ascension Island compared to St Helena. These data provide biological information for G. moringa and H. adscensionis that allow (i) filling the present gap in basic biological information for these two species in the two island territories, (ii) future development of monitoring and fisheries management plans within the Ascension Island and St Helena MPAs, and (iii) a basis upon which to understand population dynamics of these species between and within Ascension and St Helena populations.

Increased fishing pressure commonly results in a selection towards faster growing individuals and reduces adult body size (Ahti et al., 2020). While the level of fishing pressure exerted on the two species remains to be determined, the smaller sizes found for squirrelfish at St Helena, where fishing is authorized within the MPA may already be impacting this species. On Ascension Island, fishing pressure is not well quantified, as there are no commercial fisheries and there is no mandate for the submission of recreational catch data. The best proxy for fishing pressure is the annual export of fish. A license is required for exporting fish from the island (Customs Export Control Regulations, 2010). Between 2018 and 2023, exports of moray eel have fluctuated between 900-1200kg per year. As this rate is consistent, as is the human population size of Ascension Island, fishing pressure is not thought to have increased significantly. There is no record of squirrelfish having been exported within the same timeframe. With inshore shark activity over the last few years relatively few people have been spearfishing, presumably reducing fishing pressure on this species (pers. comm.). The implementation of a registration and licensing system in 2025 will hopefully encourage fishers to submit logbooks to better understand catch rates and feed into more accurate stock sustainability assessments.

Evaluating the health of the stock will continue to be challenging. This study was unable to include reproductive biology of the two species, so it is still uncertain at what size or age either species is sexually mature. That has implications on considering potential management measures such as minimum landing sizes. Orrell et al. (2024) concluded that moray eel has variable residency and site fidelity; therefore spatial management approaches may not be the most effective tools for protecting them. Alternative measures including bag limits or minimum landing size may be a better option. Size limits are arbitrary without further data to support the minimum size of maturity. Shinozaki-Mendes et al. (2007) estimated the size of sexual maturity in squirrelfish sampled from Brazil to be 14.6 cm fork length. This is a similar latitude to Ascension Island so it is likely the Ascension squirrelfish will reach maturity around the same size. In this study, a large number of fish sampled from fishing activities were caught below this size. If management measures are ever deemed necessary for protection of this species, setting a minimum landing size may be an effective option for ensuring that fish are able to reproduce before being taken from the system.

This study has provided baseline information on the biology of G. moringa and H. adscensionis at Ascension Island and St Helena. Assessing the potential environmental and anthropogenic impacts that may be driving the observed variation in life history traits in G. moringa and H. adscensionis between the two islands was beyond the scope of this study and will require future research. This will be essential as environmental factors (sea surface temperature, habitat productivity and availability, etc.) can directly impact population dynamics through their effect on fish growth, sexual maturation rates, reproductive ontogeny and life span (Jennings and Beverton, 1991; DeMartini et al., 2005). Locality-specific environmental conditions such as reef exposure can also directly impact growth and life span (Gust et al., 2002). Squirrelfish living in St Helena are exposed all year-round to moderate currents (average velocity 0.21 m/s) and west-northwest prevailing winds (average speed 6.32 m/s) (Ellick et al., 2013; Bacon et al., 2021), as well as colder waters and a greater amplitude of variation in average annual sea surface temperatures compared to Ascension Island. For the Ascension Islands, the average wind speed is 12.23 m/s blowing from south-east to north-west. There are complex circulation patterns including shore-parallel flows and eddies, largely dependent on tides, wind and geostrophic currents. The highest current velocities (up to 1.3 m/s) at Ascension Island are predicted to occur off the coast in water depths of up to 300 m (Coastal Marine Applied Research, 2023). Moray eel lives in a comparatively more sheltered microhabitat. This species is commonly found hiding in rock crevices and is more sedentary than squirrelfish, which are found largely on reef slopes (Orrell et al., 2024). While more sedentary than squirrelfish, G. moringa have been described as opportunistic, roving predators (Abrams et al., 1983; Young et al., 2003). They are not strictly nocturnal (Abrams et al., 1983) but their vertical migration in the water column is significantly predicted by lunar illumination, with morays occupying moderately deeper depths at night versus during the day (Orrell et al., 2024). Squirrelfish are nocturnal benthic feeders mainly targeting small crustaceans at night and leave the reef towards sand and grass beds, while moray eel often forage in the open during daylight and feed on crustaceans and fish caught by ambush. Food availability and exposure to predators vary at both locations and this may also influence the growth patterns and lifespan, and this may be especially prevalent in squirrelfish. However, the lack of data on the diet and predation dynamics of the species prevents us from drawing conclusions on the role that diet may play in the different growth trajectories observed, including on how these are impacted by differences in sea surface temperature regimes between the two islands.

It is recommended that future studies are conducted on both these species from Ascension Island and St Helena to continue to understand the species’ life histories including size and age at maturity, reproductive rates, spawning seasons and migration patterns. Additional studies should also investigate the trophic ecology of the species based on otolith stable isotopes and stomach contents, and examine the stock dynamics via otolith chemical profiles and shapes. This will continue to develop the accuracy of sustainability assessments for each fishery and allow a better understanding of biological and environmental factors affecting the in-shore fisheries species. Finally, long-term monitoring is recommended to understand the impacts of climate change.
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