
369© Springer Nature Switzerland AG 2019
Y. Loya et al. (eds.), Mesophotic Coral Ecosystems, Coral Reefs of the World 12, 
https://doi.org/10.1007/978-3-319-92735-0_21

Fiji

Richard L. Pyle

Abstract

The nearly 1000 islands, islets, atolls, and reefs of Fiji are 
located in the southwestern tropical Pacific Ocean, east of 
Vanuatu and New Caledonia, and west of Samoa and 
Tonga. The Fiji islands include a rich variety of habitats 
and consistently clear, calm, and warm offshore waters. 
Shallow coral reefs in Fiji have been subject to a great 
deal of research, but research on mesophotic coral ecosys-
tems (MCEs) has been limited primarily to fishes. A series 
of expeditions from 2001 to 2010 using mixed-gas, 
closed-circuit rebreathers resulted in the discovery of 
many new species. Data downloaded from the Global 
Biodiversity Information Facility (GBIF) reveal a clear 
pattern of undersampling on MCEs for all taxonomic 
groups. Patterns of diversity and species richness among 
fishes are similar to those for reef fishes in general. A 
series of controlled rotenone stations at depths of 0–120 m 
at one particular site suggest that fish diversity on MCEs 
may approximate that of shallow reefs and that as many as 
30% of the total ichthyofauna may consist of undescribed 
(and undiscovered) species. Very little is known about the 
ecology of MCEs in Fiji. Fijian MCEs face the same gen-
eral threats as adjacent shallow reefs, in addition to 
global-scale threats facing reefs worldwide (i.e., climate 
change, ocean acidification, and overfishing of food 
fishes). The geographic location, variety of habitats, 
excellent diving conditions, and logistical infrastructure 
suggest that Fiji is an excellent location to conduct addi-
tional MCE research in the Pacific.
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21.1  Introduction

Fiji is located in the southwestern tropical Pacific Ocean, 
east of Vanuatu and New Caledonia, and west of Samoa and 
Tonga. Nearly 1000 islands, islets, and atolls make up the 
Fiji Archipelago (including Rotuma in the north, Ceva-I-Ra 
to the southwest, and Ona-I-Lau to the southeast), ranging 
from approximately 11 to 21.75° S latitude and 174.6° E to 
169° W longitude (Fig.  21.1). The archipelago consists of 
two large islands (Viti Levu and Vanua Levu), over 330 
smaller islands (over 100 of which are inhabited), and more 
than 500 islets and atolls. The Lau Group in the east consists 
of mostly small islands, islets, and atolls, extending to Ona- 
I- Lau in the southeast corner. The Great Astrolabe Reef sur-
rounding Kadavu Island south of Viti Levu is considered one 
of the largest barrier reefs in the world. Cakaulevu Reef 
(Great Sea Reef), north of Vanua Levu and stretching to the 
Yasawa Group, is likewise considered one of the world’s lon-
gest barrier reefs. Rotuma, an isolated island 460 km to the 
northwest of the main Fijian islands, and tiny Ceva-I-Ra 
(Conway Reef), 450 km to the southwest, are both part of the 
nation of Fiji but are not geographically or geologically part 
of the Fiji Archipelago.

Shallow coral reefs in Fiji have been subject to a great 
deal of research, but research on mesophotic coral ecosys-
tems (MCEs; 30–150 m; Hinderstein et al. 2010) has been 
limited primarily to fishes. Due to the high overall marine 
diversity, and the robust support for marine research pro-
vided by the School of Marine Studies at the University of 
the South Pacific (USP) in Suva (Viti Levu) (USP 2017), Fiji 
is an ideal location to study coral reef biodiversity, which is 
reflected in the large number of publications involving Fijian 
coral reefs (15,000+).1 This chapter summarizes what is 
known about Fijian MCEs.

1 A search on Google Scholar for publications since 1950 with the 
search term “Fiji coral reef” yields over 15,000 results. Almost all of 
this research is focused on shallow-reef habitats.
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21.1.1  Research History

Fiji has a long history of scientific research, including marine 
organismal specimens collected at least 250 years ago. The 
earliest scientific expeditions to Fiji were made by the French 
(Quoy and Gaimard 1824; Duperrey 1825–1830; Dumont 
d’Urville 1830–1834; Eydoux and Souleyet 1841). In 1838–
1842, the US Exploring Expedition visited Fiji and collected 
specimens from marine environments, which are deposited 
at the US National Museum of Natural History. A brief sum-
mary (primarily focused on fishes) of expeditions to Fiji, 
from the Challenger Expedition (Günther 1889) through 
expeditions in the early twentieth century (Kendall and 
Goldsborough 1911; Nutting 1924; Borodin 1932; Herre 
1935; Seale 1935; Fowler 1940), was published by Seeto and 
Baldwin (2010).

In contrast to shallow reefs, research focused on MCEs in 
Fiji is comparatively limited. Among the first to explore the 
MCEs of Fiji was Anthony Nahacky, who conducted many 
conventional SCUBA dives to MCE depths in search of rare 
fishes starting in the 1980s. This research included the first 
discovery of Pseudanthias flavicauda Randall and Pyle 
2001. Two expeditions incorporating technical diving (see 
Pyle 2019) using mixed-gas, closed-circuit rebreathers were 
conducted as part of the production for the IMAX® feature 

film Coral Reef Adventure in 2001 (MFF 2003). These expe-
ditions, lasting a month each, involved the use of rebreathers 
to enable access to depths of up to 120 m and included the 
collection of specimens and filming using large-format film 
and digital video. During the second of these expeditions, in 
March 2001, several specimens were collected and hours of 
video taken within MCE habitats in several locations in Fiji 
(Pyle, pers. obs.). In 2002, a team of rebreather divers par-
ticipated in a project funded by the US National Science 
Foundation to document Fijian reef fishes (Pyle, pers. obs.). 
The project, led by David W. Greenfield, enabled additional 
exploration, as well as controlled fish collection stations 
from 0 to 120  m depth (Fig.  21.2; Pence and Pyle 2002). 
Additional video images of MCEs were captured during 
rebreather dives on MCEs in 2004 (Pyle, pers. obs.). 
Although no specimens were collected in 2004, the video 
included recordings of likely new species, including one in 
the genus Symphysanodon (Anderson and Springer 2005).

Preliminary data from these expeditions have allowed a 
direct comparison of fish diversity across different depths at a 
single site, using controlled fish sampling techniques (see 
Fishes Sect. 21.4.1). In addition, at least seven new deep- 
dwelling species of fishes have been described (Randall and 
Pyle 2001; Smith-Vaniz 2005; Randall 2006; Walsh and Tanaka 
2012; Fukui and Motomura 2015; Winterbottom 2017), and 
many more are awaiting formal description (Fig. 21.3).

Fig. 21.1 Map of Fiji, showing the extent of the exclusive economic zone (EEZ) and main islands. (Base layer and inset courtesy Google Earth; 
EEZ modified from GML file obtained from Flanders Marine Institute; composite image assembled by R.L. Pyle)
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Several more recent projects have documented MCEs in 
Fiji. From 2008 to 2010, three separate expeditions con-
ducted by John L. Earle and Robert K. Whitton with support 
from Mike Neumann of Beqa Adventure Divers focused on 
compiling a comprehensive list of fishes found at Shark 
Reef, off Pacific Harbor, Viti Levu (Fig. 21.2; Beqa Adventure 
Divers 2010). Although most of those surveys focused on 
shallow reefs at depths of 0–30  m, the 2010 expedition 
involved the use of closed-circuit rebreathers for extended 
time at depths of 30–50 m. A 2013 study examined video 
obtained by remotely operated vehicles (ROVs) to character-
ize changes in community assemblages of various taxonomic 
groups across depths of 10–130 m (Ayroza 2016). In May 
2017, Project Baseline conducted an expedition to Fiji in col-
laboration with researchers at USP, using both divers (for 
shallow-reef habitats) and a submersible (down to 362 m), 
and obtained both specimens and video that are currently 
being analyzed (Project Baseline 2017a, b).

The potential for further research on MCEs in Fiji is very 
high. A variety of shallow and MCE environments exist in 
close proximity to robust and reliable ground-based logisti-
cal support. These include the facilities at USP, a major inter-
national airport, many boats set up to support diving 
activities, and other important resources being available 
locally (e.g., helium). The habitats are ideal for exploration 
using technical diving techniques, with warm clear water 

supporting rich MCE communities, and many vertical reef 
drop-offs to facilitate decompression. Given the geographic 
location of Fiji within the Pacific, and its rich and well- 
studied shallow-reef ecosystems, the opportunity exists not 
only for discovering new species but also for conducting 
future controlled quantitative research comparing coral reef 
diversity and ecology across all depths, including both shal-
low reefs and MCEs.

21.2  Environmental Setting

The Fiji Archipelago is located in the southwestern tropical 
Pacific, south of the South Equatorial Current and at the 
northwest edge of the South Pacific Gyre. Surface water tem-
peratures vary from an average low of about 25 °C during the 
winter (June to July) to an average high of about 28 °C dur-
ing the summer, with maximum water temperatures occur-
ring in January to March (Reynolds and Smith 1994).

21.3  Habitat Description

Fiji includes about 35% of all coral reef area in the south-
western Pacific (Jupiter et  al. 2012). The bathymetric and 
geologic characteristics of Fiji are complex (Dickinson 

Fig. 21.2 The island of Viti Levu, showing sites where most rebreather dives have been conducted within MCEs. (Base layer courtesy Google 
Earth; composite image assembled by R.L. Pyle)
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Fig. 21.3 Sample of new species discovered during deep dives in Fiji: (a) Trimma bathum Winterbottom 2017, (b) Terelabrus dewapyle Fukui 
and Motomura 2015, (c) Plectranthias n. sp., (d) Tryssogobius nigrolineatus Randall 2006, (e) Petroscirtes pylei Smith-Vaniz 2005, (f) Chromis 
n. sp., (g) Percophididae n. sp., (h) Gobiidae n. sp., (i) Acanthuridae? n. sp., and (j) Apogonidae n. sp. Background color of images have been 
altered. (Photo credits: R.L. Pyle, can be reused under the CC BY license)
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1967) and result in many geologic features and different reef 
profiles between 0 and 200 m depth. Most outer reef areas 
include steep slopes and drop-offs extending from shallow 
reefs to well below MCE depths. Krüger and Kumar (2008) 
provide detailed bathymetric data for the southern coast of 
Viti Levu at depths ranging from approximately 20 to 
2000 m.

MCEs in Fiji are similar in general structure and appear-
ance to those found elsewhere throughout Oceania (except 
Hawai‘i) and the tropical western Pacific (Bridge et al. 2019; 
Cabaitan et al. 2019; Colin and Lindfield 2019; Heyward and 
Radford 2019; Longenecker et al. 2019; Montgomery et al. 
2019; Pichon 2019; Pyle and Copus 2019; Pyle et al. 2019; 
Rowley et al. 2019). MCEs in Fiji (and elsewhere in the trop-
ical insular Pacific) are typically along vertical limestone 
drop-offs or steeply sloping bathymetry, and the primary 
habitat-forming corals are gorgonians and antipatharians, 
rather than scleractinians or sponges (Fig. 21.4). In contrast, 
the MCEs in Hawai‘i consist of undercut limestone ledges 
representing ancient shorelines along otherwise gently slop-
ing flat sandy bottoms and expansive beds of Leptoseris cor-
als and Halimeda algae (Spalding et al. 2019).

21.4  Biodiversity

General patterns of biodiversity on Fijian MCEs, as com-
pared with the shallow reefs, were assessed using occurrence 
records (i.e., records representing the occurrence of a par-
ticular species at a particular place and time) from two sepa-
rate databases: the Explorer’s Log (explorers-log.com) and 
the Global Biodiversity Information Facility (GBIF; gbif.
org). The Explorer’s Log is very robust in terms of accu-
racy but limited in total content. GBIF is extremely 
 comprehensive but includes errors both in terms of taxo-
nomic identification and associated data (see Robertson 
2008). Nevertheless, it does include the most complete 
 representation of biodiversity inhabiting both shallow reefs 
and MCEs across all taxa (see Pyle et al. 2019 for a discus-
sion of how these data were obtained and analyzed, as well 
as inherent limitations). A search for records in the GBIF 
database at depths between 0 and 200 m in Fiji (11° S, 174.5° 
E and 22.5° S, 178° W) resulted in 11,944 occurrence records 
representing 2155 species among 16 phyla (12 animals, 3 
algae, and 1 Foraminifera; GBIF 2017). Using the same filter 
criteria, the Explorer’s Log database yielded 3026 occur-
rence records representing a total of 532 species among 73 
families in five phyla (corals, crustaceans, mollusks, echino-
derms, and fishes; Explorer’s Log 2017). Contents of both 
databases were combined, and a summary of the phyla and 
their depth ranges is presented in Table 21.1.

The combined databases include occurrence records from 
a total of 2324 unique species among 1024 genera and 403 
families. All phyla have at least one representative species 

recorded from shallow reefs. Conversely, 4 animal phyla 
(Cephalorhyncha, Gnathostomulida, Nematoda, and 
Platyhelminthes), with a combined 9 species and 39 occur-
rence records, did not include any species recorded from 
MCEs. Likewise, none of the 3 algae divisions (Chlorophyta, 
Rhodophyta, and Tracheophyta), with a combined 5 species 
and 42 occurrence records, were from MCE depths. A total 
of 181 species were recorded from depths in excess of 150 m, 
half of which (91) did not occur at shallower depths.

Species depth distributions were analyzed by depth zones 
(Fig. 21.5). A total of 1573 species from 762 genera among 
324 families are recorded only from shallow reefs. By 
 comparison, 407 species from 244 genera among 131 fami-
lies are known only from MCE depths or greater (>30 m). An 
additional 362 species from 63 genera and 41 families have 
been recorded from both shallow and MCE depths. At least 
160 of the 407 species (39%) that are restricted to depths 
below 30 m also occur at depths below MCEs (>150 m), and 
91 of these are restricted to depths in excess of 150 m (i.e., 
do not occur on MCEs as currently defined). Only 22 species 
(<1%) have been recorded from both shallow reefs and 
depths in excess of 150 m.

Many of the species recorded from only shallow reefs 
may also occur on MCEs, but may not have been recorded 
due to sampling bias. However, it is highly unlikely that 
many of the species recorded only from MCEs also occur on 
shallow reefs. Thus, part of the disparity in number of 
shallow- only species compared with MCE-only species is 
due to sampling bias. Another consideration is that the MCE 
depth zone (30–150 m) is four times broader than the shal-
low depth zone (0–30  m). Even accounting for sampling 
bias, it is very unlikely that four times as many species occur 
on MCEs than on shallow reefs. Therefore, it is very likely 
that diversity per available habitat area is higher on shallow 
reefs than on MCEs. This finding is consistent with results 
from other studies that control for sampling bias.

To examine the extent of sampling bias, records were 
clustered into 10-m depth zones. In addition to the number of 
occurrence records and the number of distinct species within 
each depth zone, a count of the number of observation/col-
lection days across each zone was used as a very rough 
approximation of effort (Table  21.2 and Fig.  21.6). The 
approximate effort varied considerably across depths as pre-
dicted, with far more effort concentrated in the shallower 
depth zones. Species per unit effort (SPUE; number of 
 species per observation per collection day) varied widely, but 
not in a consistent way. The number of species recorded per 
day of collecting effort ranged from about 3 to 10 species per 
day of collecting time for most depth ranges to as many as 
15–25 species per collecting day at 140–160  m. Whether 
these variations reflect actual trends or just noise in the data 
is unclear. However, given that nearly 80% of the total col-
lecting days were concentrated in the shallowest 20% of the 
total depth range of coral ecosystems, there is no question 
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Fig. 21.4 Typical MCE habitat in Fiji, characterized by vertical limestone drop-offs interspersed with small caves and ledges and dominated by 
octocorals and encrusting invertebrates. (Photo credits: R.L. Pyle, can be reused under the CC BY license)
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Table 21.1 A summary of occurrence records for 16 phyla of organisms, combined from the GBIF (2017) and Explorer’s Log (2017) databases

Kingdom Phylum Species Records

Min Max
Depth Depth

Animalia Annelida 12 87 0.3 182.9
Animalia Arthropoda 154 643 0 199
Animalia Brachiopoda 1 6 27 70
Animalia Cephalorhyncha 1 22 0.5 0.5
Animalia Chordata 1179 10,091 0 195
Animalia Cnidaria 137 389 0 198.5
Animalia Echinodermata 86 303 0.1 195
Animalia Gnathostomulida 5 5 4 15
Animalia Mollusca 695 2903 0.1 199
Animalia Nematoda 1 3 12 12
Animalia Platyhelminthes 2 9 1 25.9
Animalia Porifera 41 302 10.5 54.9
Chromista Foraminifera 4 12 5 82
“Plantae”a Chlorophyta 1 1 10 10
“Plantae”a Rhodophyta 1 4 0.5 30
“Plantae”a Tracheophyta 4 37 1 20
Totals 2324 14,817b

aProvisionally assigned to this kingdom, though some modern classifications have changed this
bAn additional 153 occurrence records could not be placed to phylum
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that the number of species occurring within MCEs (both 
restricted to MCEs and shared with shallow reefs) will 
increase with further sampling efforts.

Data were analyzed for the chronology of species docu-
mentation within 30-m wide depth zones in Fiji going back to 

the 1760s, both to examine which decades yielded the most 
new records (Fig. 21.7a) and the accumulation of species over 
time (Fig. 21.7b). Figure 21.7a, b does not necessarily repre-
sent the pattern of newly discovered species but rather the pat-
tern of when and how many species were first documented in 
different depth zones in Fiji over ten decades. Records from 
shallow reefs in Fiji date back 250 years to 1767, and the first 
records from MCEs were sampled in the 1880s and 1890s. 
However, the vast majority of species sampled from shallow 
reefs (97%) began in the 1960s and from MCEs (96%) in the 
1980s (Fig.  21.7a). The most productive decades for docu-
menting shallow-reef organisms were the 1960s, 1980s, and 
2000s and for documenting MCEs the 1980s, 1990s, and to a 
lesser extent the 2000s. Whereas the reduced number of spe-
cies with increasing depth (Fig. 21.7b) likely reflects decreas-
ing diversity with increasing depth to some extent, the pattern 
is also attributable to the reduction in sampling effort at greater 
depths (Fig. 21.6). Additionally, none of the species accumula-
tion curves appear to be approaching an asymptote, although 
the shallowest two depth zones do appear to be shifting some-
what over the last 20 years (Fig. 21.7b). These findings dem-
onstrate that much work remains to be done to document coral 
reef biodiversity in Fiji across all depths.

21.4.1  Fishes

Fishes, in general, are comparatively well-documented for 
shallow reefs of Fiji. Although data available for fishes on 
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Table 21.2 A summary of approximate sampling effort as represented 
by number of days sampled and as % total sampling effort, as well as 
the total number of species and the calculated number of species per 
sampling day (SPUE or species per unit effort)

Depth (m) Days % Species SPUE
0–10 496 46.3% 1529 3.1
10–20 225 21.0% 879 3.9
20–30 123 11.5% 536 4.4
30–40 89 8.3% 382 4.3
40–50 34 3.2% 101 3.0
50–60 18 1.7% 69 3.8
60–70 11 1.0% 51 4.6
70–80 6 0.6% 34 5.7
80–90 10 0.9% 68 6.8
90–100 7 0.7% 32 4.6
100–110 9 0.8% 71 7.9
110–120 6 0.6% 60 10.0
120–130 5 0.5% 15 3.00
130–140 2 0.2% 15 7.50
140–150 3 0.3% 76 25.33
150–160 7 0.7% 110 15.71
160–170 2 0.2% 5 2.50
170–180 3 0.3% 18 6.00
180–190 10 0.9% 71 7.10
190–200 5 0.5% 30 6.00
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Fijian MCEs are extremely limited, it is considerably more 
substantial than what is known for other groups of organ-
isms. Whitley (1927) made the first attempt to generate a 
checklist of fishes from Fiji, which included 439 species, 
though he noted that the list was incomplete. Fowler (1959) 
expanded Whitley’s checklist to 560 species, and Carlson 
(1975) revised the list again to include 575 species. Starting 
in 1983, an effort to compile a more comprehensive list of 
fish species occurring in Fiji was begun by Wayne J. Baldwin, 
joined by Johnson Seeto. This effort culminated in the publi-
cation of Seeto and Baldwin (2010), which recorded over 
2000 species they regarded as “confirmed” and an additional 
275 species they regarded as doubtful because of potential 
misidentification or identification to genus level only. In 
addition to these published lists, Gerald R.  Allen, David 
W. Greenfield, and Robert F. Myers have each been compil-
ing separate lists of fish species from Fiji (Allen et al. pers. 
comm.), and there are general plans to produce a comprehen-
sive, “evidence-based” checklist for Fijian fishes across all 
coral ecosystem depths that incorporates many sources of 
information.

As described in the Research History Sect. 21.1.1, four 
separate expeditions to Fiji using rebreathers have been con-
ducted to document fishes and other organisms inhabiting 
depths of up to 125  m. These expeditions have led to the 
discovery of dozens of new fish species, at least seven of 
which have already been described (Pseudanthias flavicauda 
Randall and Pyle 2001, Pseudanthias carlsoni Randall and 
Pyle 2001, Petroscirtes pylei Smith-Vaniz 2005, Tryssogobius 
nigrolineatus Randall 2006, Cirrhilabrus nahackyi Walsh 
and Tanaka 2012, Terelabrus dewapyle Fukui and Motomura 
2015, and Trimma bathum Winterbottom 2017). Many more 
fish species from MCEs in Fiji have been discovered and are 
awaiting formal description, a small sample of which is 
included in Fig.  21.3. Data from these expeditions are 
 represented as specimen records in the Bernice P.  Bishop 
Museum fish collection (available in the GBIF database) and 
video- based observation records captured in the Explorer’s 
Log database and are therefore included in the analyses pre-
sented herein. Additional data related to shallow-reef fishes 

are available through the California Academy of Sciences 
Ichthyology Collection Database website (CAS 2017).

In addition to contributing to both the general diversity 
and fish data analyses, a subset of these data obtained during 
the 2002 rebreather expedition to Fiji have been used to 
quantitatively compare fish diversity across a depth range of 
0–120 m at a single site (Fish Patch: 18.16° S, 178.40° E) in 
Fiji (Pyle 2005; Sinniger et al. 2016). This site, located just 
outside of Suva Harbor (Fig. 21.2), includes a full comple-
ment of habitats (ranging from shallow reefs less than a 
meter deep adjacent to a steep drop-off plummeting to 
>120 m) and has been the subject of intensive collections of 
fishes on shallow reefs by David W. Greenfield and his team 
(e.g., Greenfield and Longenecker 2005; Greenfield et  al. 
2005; Greenfield 2009; Greenfield and Randall 2010; 
Greenfield, unpubl. data). A total of 18 collecting stations 
were conducted by the same team of divers using rebreathers 
and the same volume and mixture of rotenone (consisting of 
liquid rotenone fortified with powdered rotenone and dish-
washing soap as an emulsifier) during a 2-week period from 
near the surface to 120 m. Stations were biased in favor of 
shallow-reef habitats, both because of the increased time 
spent collecting specimens and because the fishes reacted to 
the rotenone more rapidly in the shallow, warm water com-
pared with the deeper, cooler MCE stations. The first bias 
was compensated for by tracking the total amount of time 
spent at each station, normalizing for the number of hours 
spent collecting. The second bias was unable to be compen-
sated for as there was no way to objectively quantify the bias 
from slower response to rotenone on the deeper stations. The 
number of stations, total number of species, total number of 
new species, and time spent collecting are summarized in 
Table 21.3.

More species were collected on the shallowest two sta-
tions than on any of the deeper stations. However, when con-
trolling for total collecting time as a measure of effort, there 
was some degree of variability in SPUE at different depths, 
but no obvious pattern in relation to depth (e.g., the highest 
rate of SPUE was at 30–45 m and the lowest was at 45–60 m, 
with moderate values both shallower and deeper than these 

Table 21.3 Results of rebreather diver collecting activity at different depths near Fish Patch, Fiji

Depth (m) Stations Spp. N. sp. %New Hr SPUE NSPUE
0–15 2 74 0 0% 1.5 48.4 0
15–30 2 75 0 0% 1.6 46.3 0
30–45 1 28 0 0% 0.3 84.8 0
45–60 3 54 6 11% 1.7 32.3 3.6
60–75 2 31 9 29% 0.7 46.3 13.4
75–90 3 48 13 27% 1.3 36.9 10.0
90–105 4 55 21 38% 1.6 34.0 13.0
105–120 1 14 9 64% 0.3 42.4 27.0

Spp. total species, N. Sp. new species, Hr hours collecting time, SPUE total species per unit effort (Spp./Hr), NSPUE new species per unit effort 
(N.Sp./Hr)
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two depth zones). Among the 144 species collected from the 
13 stations at depths in excess of 45 m, more than 40 species 
(>28%) were undescribed. Both the proportion of new spe-
cies (as high as 64%) and the rate of discovery (as high as 27 
new species per hour) increased with increasing depth.

The accumulation curve for the MCE species documented 
during the 2002 rebreather expedition in Fiji (Fig.  21.8) 
closely tracks the identified species from Greenfield’s 
shallow- water surveys at the same site. This is remarkable, 
given that collection effort was much greater for the shallow 
stations in terms of number of divers, duration of stations, 
and relative effectiveness of the rotenone. The accumulation 
of new species from MCEs suggests a similarly increasing 
trend. The extrapolation of new species discoveries does not 
consider the unidentified material, an estimated half of which 
is likely new, and is therefore overly conservative. The pro-
portion of new species on deep reefs is likely 30% of the total 
species from this site (deep and shallow combined).

The combined GBIF and Explorer’s Log databases 
includes a total of 9098 occurrence records representing 
1019 distinct species from 57 of the 74 families of coral reef 

fishes (Pyle et al. 2019). Fourteen families (Caracanthidae, 
Carapidae, Creediidae, Diodontidae, Ephippidae, 
Fistulariidae, Gobiesocidae, Kuhliidae, Kyphosidae, 
Ostraciidae, Pempheridae, Samaridae, Soleidae, Zanclidae) 
were present on shallow reefs, but not recorded from MCEs. 
Some of these families (e.g., Caracanthidae, Creediidae, 
Diodontidae, Ephippidae, Kuhliidae, Kyphosidae, and 
Pempheridae) are likely limited to shallow reefs based on 
their ecological characteristics and habitat preferences, 
whereas in other cases (particularly Carapidae, Gobiesocidae, 
Ostraciidae, Samaridae, and Soleidae), it is more likely a 
result of sampling bias. By contrast, Symphysanodontidae 
was the only family recorded from MCEs, but not present on 
shallow reefs.

The relative representation of the 20 most speciose fami-
lies in Fiji, comparing total species, the number of species 
inhabiting shallow depths, and the number of species inhab-
iting MCEs, is included in Table 21.4 and shown in Fig. 21.9. 
The pattern of species richness is generally consistent with 
that of coral reef fish families overall (Pyle et al. 2019). The 
five most species-rich families are the same for Fiji and glob-
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ally, and all but 7 of the top 20 most species-rich families in 
Fiji (Acanthuridae, Holocentridae, Scaridae, Lutjanidae, 
Pomacanthidae, Microdesmidae, and Mulidae) are also on 
the global top 20 list (Pyle et al. 2019).

In all cases, more species are recorded from shallow 
habitats than from MCEs. The most conspicuous discrep-
ancies are with the families Blenniidae, Muraenidae, and 
Scaridae, where there are far fewer species recorded from 
MCEs than for shallow reefs. In two of these cases 
(Blenniidae and Scaridae), the discrepancy may represent 
actual differences due to the ecological characteristics and 
habitat preferences of species in these two families. In the 
case of Muraenidae, the difference is more likely due to 
sampling bias, particularly as these eels tend to be among 
the last affected by rotenone (Pyle, pers. obs.), and fishes 
not only seemed to respond more slowly to rotenone on 
deep stations but also divers were not able to stay down 
long enough for the eels to emerge. For the same reasons, 
Ophichthidae is likely underrepresented among MCE sam-
ples. Sampling bias likely also plays a part in explaining 
the discrepancy for Syngnathidae, which includes a large 
number of cryptic species. For Tripterygiidae, the differ-
ence could either be due to sampling bias, genuine habitat 
differences, or a mixture of both.
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Fig. 21.9 The 20 most speciose families of coral reef fishes in Fiji, comparing data for total species (green bars), species inhabiting shallow depths 
(red bars), and species inhabiting MCEs (blue bars) from GBIF (2017) and Explorer’s Log (2017). Values for both shallow and MCE habitats also 
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Table 21.4 Top 20 most species-rich coral reef fish families in Fiji, 
comparing total number of species, number of species from shallow 
reefs, and number of species from MCEs represented in the GBIF 
(2017) and Explorer’s Log (2017) databases. Values for both shallow 
and MCE habitats also include species occurring in both habitats

Taxon Total Shallow MCE
Gobiidae 149 143 49
Labridae 90 84 27
Pomacentridae 85 81 22
Apogonidae 70 64 33
Serranidae 59 49 35
Blenniidae 52 51 4
Muraenidae 43 43 2
Chaetodontidae 33 33 7
Acanthuridae 32 31 8
Scorpaenidae 26 26 4
Holocentridae 25 24 12
Scaridae 25 24 2
Lutjanidae 21 21 5
Syngnathidae 21 20 3
Tripterygiidae 20 19 3
Pomacanthidae 19 17 10
Tetraodontidae 17 16 6
Ophichthidae 16 15 2
Microdesmidae 14 14 6
Mullidae 14 14 2
Total 831 749 242
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21.4.2  Other Biotic Components

Although much has been published concerning the algae and 
marine invertebrate fauna of shallow Fijian reefs (e.g., Bruce 
1981; Brodie and Brodie 1990; N’Yeurt and South 1996; 
Wörheide and Reitner 1996; N’Yeurt 2001; Pohler 2004; 
Lovell 2005; Houart and Héros 2008; Schwabe et al. 2008; 
Suratissa and Rathnayake 2016, 2017; López et  al. 2017), 
very little has been reported on these taxonomic groups 
within MCEs. Littler et al. (1997) described an unusual coral 
formation in 31 m. Moolenbeek et al. (2008) reported on new 
records and new species of cone snails collected at depths 
below 100 m in Fiji, but most of these were collected from 
depths in excess of 150 m. Another study documented the 
distribution of invertebrate taxa on MCEs in Fiji using video 
images from an ROV to assess changes in epibenthic com-
munity composition across depths from 10 to 130  m off 
Vatu-i-Ra (Ayroza 2016). It found invertebrates to be abun-
dant down to 130 m, with a decrease in stony coral abun-
dance and corresponding increase in octocorals and 
macroalgae with increasing depth up to 40–50  m, below 
which the octocorals and macroalgae decreased (see Ecology 
Sect. 21.5). The 2001–2010 rebreather expeditions recorded 
on video the presence of rich algal and invertebrate diversity 
across the entire MCE depth range (Pyle, pers. obs.). 
However, these expeditions did not collect voucher speci-
mens, which are required for reliable identifications.

Among the combined GBIF and Explorer’s Log data-
bases, the most well-represented invertebrate phyla across 
both shallow reefs and MCEs in Fiji are Mollusca (2903 
occurrence records representing 695 species), Arthropoda 
(Crustaceans: 643 records, 154 species), Cnidaria (389 
records, 137 species), Echinodermata (303 records, 86 spe-
cies), and Porifera (302 records, 41 species) (Table 21.1). All 
of these phyla also included representatives from MCEs. The 
three algae divisions and six animal phyla were only found 
on shallow reefs, with no occurrences on MCEs. The lack of 
documented algae on MCEs is likely due to sampling bias. 
Foraminifera are represented by only 12 records represent-

ing 4 species, with only 1 specimen from MCE depths 
(82 m). The five phyla with meaningful MCE representation 
in the database are listed in Table 21.5.

Although these data are necessarily limited by the general 
biases represented in the underlying databases, there are 
some noteworthy patterns. More species either occurred in 
(67–83%) or were exclusive to (57–71%) shallow reefs than 
MCEs (18–37% and 12–18%, respectively) (Fig. 21.5). The 
extent to which this may simply represent undersampling of 
MCEs is evident from the similar disparity in total number of 
records from each depth zone (65–67% of records from shal-
low habitats, 13–35% from MCEs). Comparable sampling 
effort within MCEs may reveal similar levels of overall 
diversity within each zone. However, even if this holds true, 
it is offset by the fact that MCE habitat spans four times the 
total depth range of shallow reefs, and therefore the total 
diversity per habitat area may be lower.

The extent of MCE representation is not consistent among 
all phyla. For example, among the phyla Arthropoda, 
Cnidaria, and Echinodermata, more than 90% of species 
(94%, 95%, and 91%, respectively) are recorded exclusively 
from shallow reefs. Similarly, more than 60% (63%, 68%, 
and 67%, respectively) of the MCE species are exclusive to 
MCEs, suggesting that species in these phyla exhibit rela-
tively narrow depth ranges. By contrast, Mollusca and 
Porifera appear to have less depth zone specificity, with 84% 
and 76%, respectively, of shallow species restricted to shal-
low depths, and 51% and 47%, respectively, of MCE species 
restricted to MCEs. While this may certainly reflect sam-
pling bias to some extent, the general trend does suggest 
variability among different phyla in terms of species depth 
ranges. This variability may perhaps be related to specific 
ecological factors that change with depth.

These results should be regarded as preliminary, as even 
the best available data is limited by strong sampling biases. 
Until more controlled and quantitative surveys can be 
 performed across all depths both within Fiji and on MCEs in 
general, our understanding of true MCE biodiversity is nec-
essarily limited.

Table 21.5 A summary of species and occurrence records for five phyla of invertebrates recorded from MCEs in Fiji, based on combined data 
from GBIF and Explorer’s Log databases. For both shallow reefs (columns 2–4) and MCE environments (columns 5–7), within each environment, 
the total number of species, the number of species found exclusively within MCEs and shallow reefs, and the total number of occurrence records 
are shown for each phylum

Phylum Species Shallow exclusive Records Species MCE exclusive Records
Mollusca 467 (67%) 393 (57%) 1957 (67%) 245 (35%) 124 (18%) 705 (24%)
Arthropoda 104 (68%) 98 (64%) 425 (66%) 41 (27%) 26 (17%) 168 (26%)
Cnidaria 99 (72%) 94 (69%) 294 (76%) 25 (18%) 17 (12%) 49 (13%)
Echinodermata 67 (78%) 61 (71%) 234 (77%) 21 (24%) 14 (16%) 47 (16%)
Porifera 34 (83%) 26 (63%) 196 (65%) 15 (37%) 7 (17%) 106 (35%)
Total 771 672 3106 347 188 1075

Values in parentheses are percentage of total species and records, respectively, within each phylum
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21.5  Ecology

Although much has been written regarding the general ecol-
ogy on shallow-reef species in Fiji, almost nothing has been 
reported concerning the ecology of MCEs. Ayroza (2016) 
used a hierarchical classification of frame grabs from video 
collected by an ROV at depths of 10–130 m at four sites in 
Fiji and found that percent cover of stony corals, macroalgae, 
and macroinvertebrates was correlated with depth. In partic-
ular, stony coral abundance decreased with depth, whereas 
octocorals and macroalgae increased with depth up to 
40–50 m and then decreased at greater depths. Other inverte-
brates were relatively abundant across all depths.

21.6  Threats and Conservation Issues

Fiji has been the focus of many studies related to potential 
threats and conservation issues among shallow-reef organ-
isms (e.g., Lees and Forascu 2016; Tyson 2017). In general, 
the main threats to coral reefs in Fiji (both shallow and 
MCEs) are the same threats faced by coral reef ecosystems 
worldwide. Coral bleaching on shallow reefs in Fiji was 
well-documented by Cumming et al. (2002), who reported 
that corals were largely unaffected during the intense El 
Niño of 1998 but experienced mass bleaching in 2000 during 
the subsequent strong La Niña event. They found that mass 
bleaching occurred in all surveyed regions except north of 
Vanua Levu and that 64% of all scleractinian coral colonies 
surveyed were bleached. They estimated that 10–40% of 
coral colonies had died from bleaching within 4 months of 
the onset of bleaching.

Pollution is another issue that has received significant 
attention among shallow-reef habitats, particularly man-
grove areas. For example, Suratissa and Rathnayake 
(2017) found lower diversity and abundance among 85 
species of gastropods in 3 polluted shallow sites com-
pared with 1 unpolluted site. Many different reports have 
also focused on the value of protected areas in Fiji for 
allowing population replenishment and recovery (e.g., 
Bao and Drew 2017; Bonaldo et  al. 2017; Jupiter et  al. 
2017). All of these threat assessments were based on shal-
low-reef habitats, and the extent to which they apply to 
MCEs is not well established.

Goetze et al. (2011) examined the effect of depth on arti-
sanal fishing in Fiji using baited remote underwater video 
systems (BRUVS), comparing shallow (5–8  m) and deep 
(25–30  m) sites. Although this study did not technically 
examine MCEs, their results suggest a possible depth-related 
refuge effect and highlighted the importance of incorporat-
ing multiple depth strata in studies of marine reserves, which 
likely apply to MCEs as well.

Another specific potential threat that may directly 
involve MCEs is aquarium fish collecting, as some collec-
tors have access to advanced diving technology. However, 
the overwhelming majority of investigations on the impacts 
of the aquarium fish trade have almost universally con-
cluded that the impacts from this fishery in general are very 
small relative to other fisheries (DLNR 2015). This issue 
has been specifically addressed in Fiji (Pyle 1993; Lovell 
and Tumuri 1999; Teitelbaum et  al. 2010). Lovell and 
Tumuri (1999) reviewed the aquarium fish industry in Fiji 
and reported that six different companies were collecting 
and exporting live coral, live rock, and curio coral. They 
concluded that “… collection of live coral products appears 
to be sustainable based on the limited size classes required 
and the extensive reef area available for collection.” 
Teitelbaum et  al. (2010) noted that aquarium fish collec-
tors, who tend to dive on the reef every day, “are the eyes 
and ears of the reef and can monitor the environment as it 
fluctuates.” Indeed, collectors have contributed extensively 
to the understanding of coral reef fishes, including the dis-
covery of new species within MCEs. Teitelbaum et  al. 
(2010) concluded that “[a] well trained diver, collecting the 
right-sized specimens, focusing on species that are known 
to do well in aquaria, and spreading his efforts around a 
vast area, will cause only minimum impacts on reef fish 
populations.” For species collected on MCEs in particular, 
the threat is trivial due to limited time for collecting and 
high values (maintained by deliberately limiting the num-
ber of fishes collected) of MCE species resulting in very 
few specimens being collected.

Overall, very few (if any) conclusions can be drawn con-
cerning the threats and conservation issues related to MCEs 
in Fiji, over and above the very general concerns expressed 
for MCEs in general (Andradi-Brown et  al. 2016; Smith 
et al. 2019; Weil 2019).
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