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Abstract. Namena is Fiji’s oldest and second largest no-take marine reserve, and has relatively high abundance and
biomass of targeted fishes within its boundaries due to a high level of protection since its creation in 1997 (formalised in

2005). Following anecdotal reports of exceptionally high fish abundance at the Grand Central Station dive site within
Namena, we conducted a 500-m meandering diver-operated video transect along the main reef formation, to obtain
abundance, length and biomass estimates for fish species targeted by local fishers. Our census revealed extremely high

diversity, abundance and biomass (11 436 kg ha�1) of targeted fishes. While demersal reef fishes were present at higher
densities than on typical fished reefs in the region, they were dwarfed by aggregations of reef-associated pelagics, namely
the barracuda Sphyraena forsteri (5540 kg ha�1) and the trevallyCaranx sexfasciatus (4448 kg ha�1). These estimates are
comparable to those of historically unfished or ‘pristine’ locations, an unexpected finding given the historical fishing

pressurewithin the reserve before its establishment and ongoing pressure in surrounding fished areas. This finding presents
Grand Central Station as a useful reference site for ecologists and managers, and highlights the ability of protected coral
reefs to support or attract very high densities of fish.

Additional keywords: abundance, coral reef fish, diver-operated video

Received 20 March 2018, accepted 12 July 2018, published online 9 August 2018

Introduction

The tropical western Pacific is a marine biodiversity hotspot,
but the combined effects of artisanal and commercial fishing

have led to severe declines in target fish species in recent dec-
ades (Campbell and Pardede 2006; Veitayaki et al. 2011).
Fijians rely heavily on inshore artisanal fisheries for local

livelihoods, but fish stocks have declined sharply with the
growth of commercial fishing activity (DeMers and Kahui
2012). No-take marine reserves can be an effective and inex-

pensive tool for maintaining biodiversity where fishing reg-
ulations have insufficient scope or enforcement (e.g. Claudet
et al. 2008; Lester et al. 2009), with high apex predator biomass
reported following the establishment of marine reserves else-

where in the Pacific region (Stevenson et al. 2007). In 2005, the
local chiefs of Kubulau District, Vanua Levu Island, established
a network of marine reserves with the aim of maintaining

sustainable inshore fish stocks. This network consists of

17 reserves (mostly small and periodically harvested: Goetze
et al. 2015), while the adjoining areas are managed through
customary native fishing rights with ongoing offshore com-

mercial fishing activity. The oldest and second largest reserve in
Fiji, the Namena Marine Reserve, encompasses an area of
88 km2 surrounding the island of Namenalala, and was infor-

mally established in 1997. While small, young reserves, both in
Fiji and elsewhere, often show little evidence of recovery
(Goetze et al. 2011; Edgar et al. 2014), Namena has been found

to contain a greater abundance and biomass of target reef fish
species than comparable fished areas (e.g. Goetze et al. 2011;
Jupiter and Egli 2011). Reef sharks have also benefited from the
reserve, most likely due to an increased prey availability

(Goetze and Fullwood 2013). Here we report findings from an
opportunistic rapid census of a popular dive site within the
Namena Marine Reserve, conducted following anecdotal

reports of exceptionally high local fish abundance.
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Materials and methods

We conducted a diver-operated video survey at the Grand
Central Station dive site (1784016.9000S, 17986031.7500E) within
the NamenaMarine Reserve, Fiji, in October 2012. We used the

same calibrated stereo camera system described by Goetze et al.
(2017), which permits the measurement of fish length using CAL

and EVENTMEASURE software (http://www.seagis.com.au). The
census consisted of a single 35-min meandering 5 � 500-m

transect that followed themain reef structure at an average depth
of 15 m, with fish recorded when they passed within 8 m of the
cameras. Transect width was controlled by the automatic

rejection ofmeasurements made further than 2.5m either side of
the camera in EVENTMEASURE, while transect distance was
measured by trailing a thin cotton thread from a ‘cotton counter’.

We only considered species that are targeted by local fishers
(sensuGoetze et al. 2016), providing a conservative estimate of
biomass. However, Fijians target a broad range of species, and

excluded species were small, primarily belonging to the family
Pomocentridae. As a result, they were unlikely to have con-
tributed significantly to total biomass. Biomass for each species
was estimated using standard weight equations taken from the

literature (sensu Jupiter and Egli 2011). Individuals that could
not be measured (e.g. partially obscured by reef or other fish)
were assigned a length equal to the mean length of conspecifics

at the site. Mean length estimates could not be obtained for four
of 36 species (Acanthurus leucocheilus, Melichthys niger,
Cetoscarus bicolor and Scarus ghobban). As a result, a total of

10 individuals from those species were excluded from biomass
estimates.

Results

We observed a total of 2132 individuals (8528 fish ha�1) from
12 families, 26 genera and 36 species, with a combined biomass
of 2859 kg (11 436 kg ha�1). Two pelagic species, the barracuda
Sphyraena forsteri (6560 fish ha�1, 5540 kg ha�1) and trevally

Caranx sexfasciatus (1160 fish ha�1, 4448 kg ha�1), were
present in large schools over the reef (Fig. 1), comprising the
greatest portion of biomass and abundance. Acanthurids, par-

ticularly the unicornfish Naso brevirostris (132 fish ha�1,
128 kg ha�1), were abundant in the midwater and demersal
zones (288 fish ha�1, 421 kg ha�1), while the trigger (Odonus

niger) (348 fish ha�1, 43 kg ha�1) was also prevalent in the
midwater zone over the reef slope. Demersal predators
(Carcharhinidae, Lethrinidae, Lutjanidae and Serranidae)
comprised 116 fish ha�1 and 599 kg ha�1.

Discussion

The high density of fish biomass (11 436 kg ha�1) recorded at
Grand Central Station inNamenaMarine Reserve is comparable
to the highest existing estimates of fish density in historically

unfished or ‘pristine’ areas. At the Line Islands, an area of the
Pacific known for its non-fished status and corresponding high
densities of predatory fishes, Stevenson et al. (2007) reported a

mean biomass of predatory fish of up to 5000 kg ha�1 at Palmyra
Atoll, while Sandin et al. (2008) reported up to 8000 kg ha�1 at
Jarvis Island. In the Indian Ocean, up to 8000 kg ha�1 was
estimated at the Chagos Archipelago, another area without

historical fishing pressure (Graham and McClanahan 2013).

While we acknowledge that only a single site was recorded here
and individual sites with similar biomass levels were likely
recorded in the aforementioned studies, those studies described

baseline biomass in historically unfished areas (McClanahan
et al. 2011; MacNeil et al. 2015). Such high biomass at
Namena was unexpected given the historical fishing pressure

within the reserve before its establishment and ongoing fishing
pressure surrounding the reserve (Jupiter and Egli 2011; Goetze
et al. 2011), and likely reflects the large size, age and high
enforcement associated with the reserve (Edgar et al. 2014).

Prior to the present study, the highest biomass reported for a site
within Namena was 2643 kg ha�1 (Jupiter and Egli 2011),
although these results were obtained using different sampling

techniques.
We provide evidence for a hotspot of targeted fish biomass

primarily comprising large schools of Sphyraena forsteri and

Caranx sexfasciatus. Residential behaviour of Sphyraena bar-

racuda has been observed on the Atlantic Ocean (O’Toole et al.
2011), while restricted home ranges have been reported in

Caranx ignobilis: tagged specimens tended to remain on a single
atoll, making periodic movements of up to 29 km (Meyer et al.
2007). Both S. forsteri and C. sexfasciatus may exhibit similar
site-fidelity to their respective congenerics. As our sampling

was not replicated spatially or temporally, our results are
unlikely to be representative of other areas in the reserve. In
addition, it is now thought that these predatory fish aggregations

Fig. 1. School of bigeye trevally (Caranx ignobilis) filmed with a diver-

operated video system.
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obtain a large proportion of their energy sources from pelagic
zones rather than by local production (Trebilco et al. 2013).

Regardless, aggregations of predatory fishes on a reef are likely
indicative of ecosystem health, with large aggregations
expected to become increasingly rare under fishing pressure

(whether through direct or indirect effects). Anecdotal evidence
indicates that the Sphyraena forsteri at Grand Central Station
may be Namena residents. Given evidence for long-term pat-

terns of population recovery in other marine reserves (e.g.
McClanahan and Graham 2005; McClanahan et al. 2007; Russ
and Alcala 2010), the local population may continue to grow in
the future.

Demersal or midwater reef fishes are typically more suscep-
tible to local population depletion than reef-associated pelagic
species (e.g. Jennings et al. 1999), and, in Fiji, are more

frequently targeted by fishers (pers. obs.). Although oversha-
dowed by pelagic species in our census, the density of resident
reef fishes (848 kg ha�1) was nonetheless at the high end of

estimates for coral reef sites worldwide and close to those of
historically unfished sites (MacNeil et al. 2015).

These findings provide the first view of a potential hotspot of
predatory fish within the Namena Marine Reserve, and present

Grand Central Station as a useful reference site for ecologists
and managers that highlights the capacity of protected coral reef
systems to attract or support very high densities of targeted fish

species.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

We thank the Wildlife Conservation Society (WCS), Fiji (particularly

Waisea Naisilsisili, Stacy Jupiter and Sirilo Dulunaqio) and the people of

Kubulau District for their assistance in the field. We also thank Sangeeta

Mangubhai for an external review. This work was funded by the School of

Plant Biology, University ofWestern Australia, and a grant (2012-38137) to

the WCS from the David and Lucile Packard Foundation.

References

Campbell, S. J., and Pardede, S. T. (2006). Reef fish structure and cascading

effects in response to artisanal fishing pressure. Fisheries Research 79,

75–83. doi:10.1016/J.FISHRES.2005.12.015

Claudet, J., Osenberg, C. W., Benedetti-Cecchi, L., Domenici, P., Garcı́a-
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