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Abstract

In 2012 we conducted an integrated ecological assessment of the marine environment of the Pitcairn Islands, which are four
of the most remote islands in the world. The islands and atolls (Ducie, Henderson, Oeno, and Pitcairn) are situated in the
central South Pacific, halfway between New Zealand and South America. We surveyed algae, corals, mobile invertebrates,
and fishes at 97 sites between 5 and 30 m depth, and found 51 new records for algae, 23 for corals, and 15 for fishes. The
structure of the ecological communities was correlated with age, isolation, and geomorphology of the four islands. Coral
and algal assemblages were significantly different among islands with Ducie having the highest coral cover (56%) and
Pitcairn dominated by erect macroalgae (42%). Fish biomass was dominated by top predators at Ducie (62% of total fish
biomass) and at Henderson (35%). Herbivorous fishes dominated at Pitcairn, while Oeno showed a balanced fish trophic
structure. We found high levels of regional endemism in the fish assemblages across the islands (45%), with the highest
level observed at Ducie (56% by number). We conducted the first surveys of the deep habitats around the Pitcairn Islands
using drop-cameras at 21 sites from depths of 78 to 1,585 m. We observed 57 fish species from the drop-cams, including
rare species such as the false catshark (Pseudotriakis microdon) and several new undescribed species. In addition, we made
observations of typically shallow reef sharks and other reef fishes at depths down to 300 m. Our findings highlight the
uniqueness and high biodiversity value of the Pitcairn Islands as one of the least impacted in the Pacific, and suggest the
need for immediate protection.
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Introduction of marine organisms [12-17], and no quantitative assessments of
these populations had been conducted (see review [18] for a list of
the expeditions conducted in Pitcairn’s EEZ).

Because of its relatively high latitude and distance away from
the Coral Triangle — the center of marine biodiversity [19-20] —
the Pitcairn Islands have relatively low species richness for most
marine taxa [12], [17-18]. This isolation and their subtropical
location, however, make them interesting from a biogeographic

French Polynesia, 390 km to the west. To the east, only Easter perspective as they lie at the eastern limits of the Indo-Pacific
Island (1,900 km away) and Salas y Goémez (2,300 km) can be

found between Ducie and South America [5]. Together, all four

; . 2 p . .
islands - encompass only 43 km” of emergent land, but the where we can observe how coral reefs may have functioned in the

surrounding waters out to the 200 naut‘ical mile Exclusive distant past, before extensive human disturbance [23-24].
Economic Zone (EEZ) cover ca. 836,108 km? (Fig. 1, [6]).

Pitcairn Island is perhaps best known as the home of the
descendants of the infamous HMS Bounty mutineers [1-2], and is
the last remaining British Overseas Territory in the Pacific [3-4].
The Pitcairn Islands consist of four remote islands and atolls
(Ducie, Henderson, Oeno, and Pitcairn), situated in the central
South Pacific, with the closest islands being the Gambier Group in

Province [21-22]. In addition, remote locations with minimal
human impacts are some of the last remaining places on earth

Here we present the first quantitative data on the community

Of the four islands, only Pitcairn is inhabited, with a current structure of shallow marine ecosystems of the Pitcairn Islands. Our
population of 53 people [7-8]. Although the history of the human surveys were designed to measure the abundance and biomass of
occupation of Pitcairn — and to a lesser extent Henderson — has major organisms (including algae, invertebrates, and fishes)
received enormous attention [1], [9-11], relatively little is known inhabiting the coral reef ecosystems to 30 m depth, and to
about its natural history, especially with regard to the marine construct the first list of the deep-sea species to 1,600 m depth.
environment. Until our expedition in 2012, only lists of species and The overall objective of this integrated assessment was to
qualitative estimates of abundance were available for major groups quantitatively describe the structure and function of the marine
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Figure 1. The Pitcairn Islands Exclusive Economic Zone (EEZ) covers ca. 836,108 km? and encompasses two coral atolls (Ducie [A.]
and Oeno [C.]), a raised atoll (Henderson [B.]), and one high island (Pitcairn [D.]). Black dots represent sampling locations around each

island.
doi:10.1371/journal.pone.0100142.g001

ecosystem of this remote group of islands, and establish a baseline
for future comparisons.

Methods

Ethics Statement

The Government of the United Kingdom and the Pitcairn
Island Council granted all necessary permission to conduct this
research. No vertebrate sampling was conducted and therefore no
approval was required by the Institutional Animal Care and Use
Committee.

PLOS ONE | www.plosone.org

Location

The Pitcairn Islands are the only emergent parts of an ancient
chain of volcanoes that rose from the seafloor between 0.9 and
16 Myr ago [25], and are geologically connected to the Tuamotu
and Gambier islands of French Polynesia [26]. The four islands
differ in their size, geological age, and isolation [27]. Pitcairn is a
high volcanic island of 450 ha with lava cliffs and rugged hills
rising to a peak at 335 m. Henderson (200 km ENE of Pitcairn) is
the largest island in the group with an area of 4,310 ha.
Henderson was formerly an atoll, but the formation of Pitcairn
0.8-0.9 Myr ago caused an uplift of the crust, which elevated
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Henderson 33 m above sea level [28]. Henderson was declared a
UNESCO World Heritage site owing to its unique terrestrial
natural history and ecological intactness [29]. Ducie (472 km E of
Pitcairn), the most southerly coral atoll in the world [30], consists
of a central lagoon surrounded by four islets covering 70 ha. Oeno
(120 km NW of Pitcairn) is a low coral atoll of 65 ha comprising a
central low-lying island surrounded by a shallow lagoon and
fringing reef (diameter ca. 4 km).

Sample Design

Sampling sites were haphazardly selected around all four islands
to incorporate representative wave exposures, habitats, and
oceanographic conditions (Fig. 1). At each site, SCUBA surveys
were conducted at both 10 and 20 m depth. In addition, two sites
at 30 m were surveyed at Pitcairn to characterize the deeper reef
community, as well as surveys conducted on the patch reefs
(~5 m) in the shallow lagoon of Ducie.

Benthic communities

Characterization of the benthos was conducted along a 50 m-
long transect parallel to the shoreline at each sampling depth
strata. For algae, corals, and other sessile invertebrates we used a
line-point intercept methodology along transects, recording the
species or taxa found every 20 cm on the measuring tape. Point
contact data were expressed as percent cover. For sea urchins, we
counted and sized individuals in fifteen, 50x50 cm quadrats
haphazardly placed along each 50 m transect line. Quadrat
placement was stratified with three quadrats per 10 m segment of
transect line.

Reef fishes

At each depth stratum within a site, one diver counted and
estimated lengths for all fishes encountered within fixed-length (25-
m) belt transects whose widths differed depending on direction of
swim. Transect bearings were set along isobaths within homoge-
neous habitats with each transect separated by at least 5 m. All fish
=20 cm total length (TL) were tallied within a 4 m wide strip
surveyed on an initial “swim-out” as the transect line was laid
(transect area =100 m?). These included large-bodied, vagile
fishes. All fishes <20 cm TL were tallied within a 2 m wide strip
surveyed on the return swim back along the laid transect line
(transect area =50 m?). This included small-bodied, less vagile
and more site-attached fish. In addition, all species observed
outside of the transect area at each station were recorded to
estimate total species richness at a site.

Fishes were identified to species [31]. Fish total length (TL) was
estimated to the nearest cm and individual-specific lengths were
converted to body weights. Numerical density (abundance) was
expressed as number of individuals per m* and biomass density
was expressed as tons per ha. The biomass of individual fishes was
estimated wusing the allometric length-weight conversion:
W=aTLP, where parameters a and b are species-specific
constants, TL is total length in cm, and W is weight in grams.
Length-weight fitting parameters were obtained from FishBase
[32] and other published sources [33], [34]. The cross-product of
individual weights and numerical densities was used to estimate
biomass density by species. Fishes were categorized into four
trophic groups (top predators, herbivores, other carnivores, and
planktivores) after [35-36].

Deep drop-camera surveys
National Geographic’s Remote Imaging Team developed deep
ocean drop-cams, which are high definition cameras (Sony

PLOS ONE | www.plosone.org
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Handycam HDR-XR520V 12 megapixel) encased in a borosili-
cate glass sphere that are rated to 10,000 m depth. Viewing area
per frame was between 2-6 m”, depending on the steepness of the
slope where the drop-cam landed. Cameras were baited with
frozen fish and deployed for ca. four hours. The cameras remained
sealed during the entire expedition with communications through
a Subconn connector. Lighting at depth was achieved through a
high intensity LED array directed using external reflectors. Depth
gauging was conducted using an external pressure sensor. The
drop-cams were ballasted with a 22 kg external weight that
resulted in a descent rate of 1.5m s '. The primary release
mechanism was a burn wire that was activated using onboard
battery voltage. The drop-cams are positively buoyant resulting in
an ascent rate of 0.5 m s~ '. Drop-cams have an onboard VHF
transmitter that allows for recovery using locating antennae with
backup location achieved via communication with the ARGOS
satellite system.

Statistical analyses

Percent substrate cover for each major functional group (corals
[included the cnidarian orders Anthomedusae, Alcyonacea,
Scleractinia, and Zoantharia|, crustose coralline algae [CCA],
erect macroalgae, turf algae, dead coral + rock [DCR], and sand)
was derived for each site. Sites were stratified by depth (10, 20 m)
with the 30 m sites at Pitcairn and the 5 m patch reef sites at
Ducie excluded from comparisons among islands.

Correlation between geological age of the islands and coral
species richness was tested with a Pearson Product Moment
Clorrelation (o0 = 0.05). Differences in percent substrate cover of the
four dominant functional groups (CCA, coral, erect macroalgae,
and turf algae) were tested among islands and between depths
using multivariate analysis of variance (MANOVA). These four
primary habitat functional groups comprised over 85% of the total
cover and were arcsine square root transformed prior to statistical
analysis to conform to the assumptions of the MANOVA. The
multivariate test statistic Pillai’s trace was used because it is robust
to heterogeneity of variance and is less likely to involve type I
errors than comparable tests [37]. We performed univariate
ANOVAs when MANOVAs were significant. Unplanned com-
parisons between pairs of islands were examined using the Tukey-
Kramer honestly significant difference (HSD) test for ANOVAs
(=10.05).

Non-metric multi-dimensional scaling (nMDS) analysis, coupled
with an analysis of similarities (ANOSIM) test, was conducted
using PRIMER v6 [38] to examine differences in benthic
communities and fish assemblages between islands and depth
strata. Separate Bray—Curtis similarity matrices were created for
percent cover of algae by species, percent cover of coral by species,
sea urchin species density (no. m~ 2), and fish biomass in t ha™' by
species for each site and depth. Prior to conducting the nMDS,
algal and coral data percentage data were arcsin square root
transformed, while sea urchin density and fish biomass data were
square root transformed. ANOSIM analysis generates an R
statistic that scales from O or negative value (identical assemblages)
to 1 (completely dissimilar assemblages). The resulting P value
indicates the probability that the two assemblages come from a
similar distribution [39]. Pairwise ANOSIM R statistics represent
comparisons that are well separated (R>0.75), overlapping but
clearly different (R>0.5), or barely separable at all (R<<0.25). A
two-way crossed ANOSIM with replication was used to compare
between island and depth strata. A Bray—Curtis similarity matrix
was created from the arcsin square root transformed percentage
benthic cover and square root transformed mean fish biomass
matrix before conducting the nMDS. The nMDS plot overlaid the
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primary species vectors driving the ordination using a Pearson
correlation at p>0.5.

Fish species richness was estimated as the total number of
species observed per station. Species diversity was calculated from
the Shannon-Weaver Diversity Index [40]: H' = — > (p; In(p;),
where p; is the proportion of all individuals counted that were of
species 1. Fish assemblage characteristics among islands were
compared using two-way analysis of variance (ANOVA) by island
and depth strata. Numerical abundance and biomass were In(x+1)-
transformed prior to statistical analysis to conform to the
assumptions of the parametric tests [41]. Normality was tested
using a Shapiro-Wilk W test (P>0.05) while a Bartlett’s test (P>
0.05) was used to examine homogeneity of variance. Unplanned
comparisons between pairs were examined using the Tukey-
Kramer HSD.

To describe the pattern of variation in community structure
(patterns of distribution of abundance of functional groups within
the community) among the four islands, we used indirect gradient
analysis. Non-linear models were most appropriate for our data
because a preliminary detrended correspondence analysis showed
long gradient lengths (>2 SD) [42]. To explore the spatial
distribution of community structure across the archipelago we
performed a correspondence analysis (CA) [42] on log-trans-
formed data using the ordination program CANOCO for
Windows version 4.0 [43]. We pooled data from all taxa into
the following groups to facilitate the large-scale analysis: biomass
of the four fish trophic groups, and percent cover of coral, erect
macroalgae, turf algae, CCA, other invertebrates, dead coral +
rock, and sand, along with density of sea urchins.

Results

We surveyed a total of 97 nearshore locations across all four
islands for algae, corals, sessile invertebrates, sea urchins, and
fishes (Fig. 1, Table 1). In addition, we made 21 drop-cam
deployments among all four islands to depths ranging from 78 to
1,585 m.

Benthic Communities

Community Structure. Percent substrate cover varied sig-
nificantly for each of the major functional groups by island (I},
949 = 10.5, p<<0.001), but not by depth (¥4 g, =1.7, p=0.15) or
the interaction of the two terms (Fjo 249=0.1, p=0.8). A
significant proportion of the variation (MANOVA, p<0.001)
was explained by the four primary functional substrate groups:
coral (r” = 0.74), turf algae (r* = 0.48), erect macroalgae (r* = 0.42),
and CCA (r>=0.36). Substrate cover for coral, erect macroalgae,
and turf algae was not significantly different between depths (p>

Marine Biodiversity in the Pitcairn Islands

0.05 for all). Only CCA showed significantly lower cover at 20 m
compared to the 10 m sites (p<<0.05).

Coral cover was significantly greater at Ducie (56.3% *=20.6 SD
of the bottom) compared to the other islands, with the lowest coral
cover observed at Pitcairn (5.2%*6.1 SD, Table 2). Erect
macroalgae  were the most prevalent benthic cover
(42.1%=%20.6 SD) at Pitcairn and differed significantly from the
other islands, with the lowest cover at Ducie (5.8% *7.7 SD). Turf
algal cover was very low at most sites except Henderson where it
reached 24.0% (=17.9 SD). CCA was common at all sites and did
not differ significantly among islands. CCA cover values ranged
from 29.5% at Henderson to 26.2% at Ducie.

Algae. We identified 64 macroalgal taxa (21 green algae, 12
brown algae, and 31 red algae), 51 of which are new records for
these islands (Table S1). Algal species richness was greatest at
Pitcairn and Henderson (42 and 31 taxa, respectively), followed by
Oeno (24) and Ducie (13). Fourteen species previously reported
from Pitcairn Island [44], [45] were not found in our surveys (five
are likely due to taxonomic uncertainty; the other nine were likely
encountered in the intertidal zone or littoral pools, environments
not sampled in our surveys). Only three species of algae were
common to all four islands: the brown alga Lobophora variegata and
the encrusting corallines Hydrolithon onkodes and H. gardiner:.

Algal assemblages were significantly different among islands
(Global R=0.68, Stress =0.15; Fig. 2A) but were indistinguish-
able by depth (R =0.02). The assemblage at Pitcairn was distinct
from the other three islands (all ANOSIM comparisons with
Pitcairn, R>0.75). The assemblages at Henderson and Ducie were
overlapping but clearly different (R =0.72), while all other pair-
wise comparisons showed even greater overlap (R>0.25 and <
0.5). At Pitcairn, an erect, stipitate form of Lobophora variegata
accounted for 26.7% of the total algal cover, followed by Halimeda
minima (21.1%), Lithophyllum kotschyanum (12.5%), and an encrusting
form of Lobophora variegata (7.1%). Hydrolithon onkodes (44.1%) was
the most abundant species at Ducie, followed by encrusting L.
variegata (23.0%), and Maucrodictyon japonicum (15.3%). The assem-
blage at Henderson consisted of Hydrolithon samoense (39.2%), M.
Japonicum (17.5%), Dasya sp. (15.1%), and encrusting L. variegata
(14.4%). At Oeno, encrusting L. variegata accounted for 36.7% of
the algal abundance, followed by H. onkodes (28.6%), and H.
samoense (14.5%)

Corals. A total of 70 species of scleractinia (hard corals) were
observed on quantitative benthic surveys on hard bottom
substrates around the four islands (Table S2), with 23 new records
for the island group. Species richness was positively correlated with
geological age of the islands (r=0.98, p=0.02), with the oldest
island Oeno (16 Mya) having the highest number of coral species
(58), followed by Henderson (13 Mya: 53 species), Ducie (8 Mya:
35 species), and Pitcairn (0.8 Mya: 24 species). Nine species listed

Table 1. Pitcairn Islands sampling locations by depth and habitat.

Forereef
Island Island type Lagoon 10 m 20 m 30 m Total
Pitcairn High island 12 12 2 26
Ducie Atoll 3(2)* 9 9 21
Henderson Raised atoll 13 13 26
Oeno Atoll 12 12 24
3(2)* 46 46 2 97

doi:10.1371/journal.pone.0100142.t001
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*Only 2 benthic stations were surveyed in the lagoon compared to 3 fish stations.
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in [18] were not observed at any of the islands. Some of the species
previously reported, such as Acropora humilis, are similar to species
(e.g. Acropora samoensis) documented in this study, which may reflect
updated taxonomy or differences in identifications.

Coral assemblages overlapped but were clearly different among
islands (Global R=0.57, Stress =0.16; Fig. 2B) and were
indistinguishable by depth (R=0.15). The assemblage at Ducie
was distinct from the other three islands (all ANOSIM compar-
1sons with Ducie, R>0.75). The assemblage at Pitcairn overlapped
but was clearly different from Oeno and Henderson (R>0. 5 for
both), while Oeno and Henderson were most similar (R = 0.26).
Cloral cover at Ducie was dominated by Montipora aequituberculata
(49.9% of the total coral cover), followed by Sinularia sp. (14.0%),
Pavona sp.1 (6.7%), and Acropora valida (6.4%). The cnidarian
assemblage at Oeno consisted of Millepora plathyphylla (23.9%),
Pocillopora verrucosa (15.7%), and Porites lobata (11.2%). At Hender-
son, Pavona sp. 1 accounted for 17.0% of total coral cover, followed
closely by P. verrucosa (16.6%), and M. plathyphylla (11.6%). While
coral cover at Pitcairn was lower than the other islands, the
community was formed by P. verrucosa (21.2%), P. lobata (18.6%),
M. plathyphylla (16.7%) and Pocillopora eydouxu (16.3%).

Sea Urchin Density. Sea urchins were the most abundant
macro-invertebrate group encountered at all islands, and were
represented by seven species (Table S3). Mean density ranged
from 0 sea urchins m~? for several species up to 5.4 m™? sea
urchins (2.4 SD) for Echinostrephus aciculatus at the Pitcairn 10 m
sites. At the island level, Oeno generally had the highest overall sea
urchin density (7.6 m 2%+2.7 SD) while Ducie had the lowest
levels (2.4 m~2%2.5 SD). Urchin assemblages were similar among
islands (Global R=0.39, Stress =0.13; Fig. 2C) and depths
(R=0.31). Despite these overlaps, Ducie was clearly different from
Pitcairn (R =0.74) and well separated from Henderson (R =0.52)
and Oeno (R=0.51), while Henderson and Pitcairn were
indistinguishable (R =0.16).

Reef Fish Assemblages

Biodiversity. We identified a total of 205 fish species from 40
families during the expedition with 15 new records for the
archipelago (Table S4). The greatest species richness was found at
Henderson and Oeno (151 species for both), followed by Pitcairn
(145), and Ducie (123). The majority of the fish species observed
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Table 2. Comparisons of benthic functional groups among islands.

Functional group F p Multiple comparisons

Coral 51.1 <0.001 Ducie Oeno Henderson Pitcairn
56.3 (20.6) 27.8 (10.2) 23.5 (18.0) 5.2 (6.1)
A B B C

CCA 0.2 0.910 Henderson Oeno Pitcairn Ducie
29.5 (16.8) 29.2 (24.3) 27.3 (21.0) 26.2 (16.6)
A A A A

Erect macroalgae 31.1 <0.001 Pitcairn Oeno Henderson Ducie
42.1 (20.6) 15.7 (11.7) 11.2 (13.7) 58 (7.7)
A B BC C

Turf algae 9.0 <0.001 Henderson Pitcairn Oeno Ducie
24.0 (17.9) 15.2 (15.6) 9.4 (1.9) 3.2 (3.6)
A AB BC C

Values are mean percent cover with one standard deviation in parentheses. Statistical results of one-way ANOVA and multiple comparisons using the Tukey-Kramer HSD

test for ANOVAs. Islands with the same letter are not significantly different at o.=0.05.

doi:10.1371/journal.pone.0100142.t002

(64%) were of Indo-Pacific origin (Table 3), followed by species
with Pacific-wide distributions (14%), Pitcairn regional endemics
(11%), and other areas (11%). We defined Pitcairn regional
endemics as species that are only found in the southeastern
tropical Pacific including southern French Polynesia (e.g., Gam-
bier, Rapa) and Easter Island. Based on density of individuals,
these regional endemics accounted for 45% of the total fish
assemblage (Table 4). The highest numerical abundance of
regional endemics was found at Ducie (56%) with the lowest at
Pitcairn (29%).

Fish assemblage characteristics. Species richness differed
significantly among islands (F3 o; =39.4, p<<0.001) but not
between depth strata (F; ¢, =0.1, p=0.8) or their interaction
(Fs3, 91 =0.7, p=0.5). The average number of species observed on
transects was highest at Oeno and Henderson and significantly
different from Ducie and Pitcairn, which had the lowest richness
(Fig 3a). The mean number of individuals m™? differed
significantly among islands (F5 ¢, =68.7, p<<0.001) and was more
than five times higher at Henderson (4.6%=1.6 SD) compared to
Pitcairn (0.8%0.2) with densities at Oeno and Ducie intermediate
to these locations (Fig 3b). Total biomass had high within-island
variance and did not differ significantly among islands (H=6.2,
p =0.1), although biomass was 88% higher at the highest location,
Oeno (1.7 t ha” '£3.1), compared with the lowest, Pitcairn (0.9 t
ha™'+0.9) (Fig. 3¢). Fish species diversity (H') differed significantly
among islands (F5 ¢; = 11.2, p<<0.001) with the highest diversity at
Oeno (2.3%£0.3) compared to similar levels among the other
islands (Fig. 3d).

Trophic and species comparisons. Top predators and
herbivores each accounted for an average 30% of the total biomass
across all islands, followed by other carnivores (23%), and
planktivores (17%). However, there was a strong interaction
between island and trophic group (Fg, 37; = 2.7, p=0.005) with top
predators more abundant at Ducie (62%) and to a lesser extent at
Henderson (35%). Herbivores dominated at Pitcairn (66%), while
the trophic structure at Oeno was more balanced with no single
dominant group (Fig. 4).

Grey reef sharks (Carcharhinus amblyrhynchos) comprised 46% of
the top predator biomass overall, followed by whitetip reef sharks
(Triaenodon obesus — 12%), and black trevally (Caranx lugubris— 10%).
Biomass of herbivores consisted of chubs (Kyphosus spp. — 28%),
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Figure 2. Non-metric multidimensional scaling of major
benthic function groups and sampling locations among the
four islands in the Pitcairn Group. A. macroalgae, B. corals, C.
urchins. Vectors are the primary taxa driving the ordination (Pearson
Product movement correlations = 0.5). Macroalgae species codes:
D.vers = Dictyosphaeria versluysii, H.onko = Hydrolithon onkodes, H.
mini = Halimeda minima, H.samo = Hydrolithon samoense, M.umbr =
Microdictyon japonicum, L. vari = erect Lobophora variegata. Coral
species codes: F.stell = Favia stelligera, M.aequ = Montipora
aequituberculata, M.plat = Millepora plathyphylla, Sinn.sp = Sinularia
sp. Urchins: D.savi = Diadema savignyi, E.mata = Echinometra mathaei,
E.acic = Echinostrephus aciculatus, E.cala = Echinothrix calamaris.
doi:10.1371/journal.pone.0100142.9002

unicornfish (Naso unicornis — 22%), and whitebar surgeonfish
(Acanthurus leucopareius — 12%). The blacktip grouper (Epinephelus
Jasciatus) comprised 17% of the biomass of other carnivores
followed by Bigeye bream (Monotaxis grandoculis — 9%), doublebar
goatfish (Parupeneus insularis — 8%), and striped bream (Gnathodentex
aureolineatus — 7%). The blotcheye soldierfish (Myripristis berndtr)
dominated the biomass of planktivores (47%), with two small (<
10 cm TL) regionally endemic damselfishes (Chromis bami and
Chrysiptera galba) together accounting for an additional 17% of the
biomass in this trophic group.
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Structure of the coral reef community (benthos and reef
fishes)

The multivariate analyses showed large variability in the
structure of the coral reef ecosystem (benthos and reef fishes)
among sites within islands, yet obvious distinctions between islands
were present (Fig. 5). Ducie was the island most clearly
distinguished by the high abundance of top predators and high
cover of coral. Henderson was also well separated in ordination
space with other carnivores explaining most of the difference.
Oeno was characterized by lower coral cover and more
carnivorous fishes than Pitcairn, which was unique because of its
dominance by algae. Pitcairn was the island with the highest
concordance among stations. Ducie and Henderson showed the
greatest variability among stations (i.e. largest spread in the plot),
likely due to the large size of the islands, differences in wave
exposures, and diversity of habitats.

Deep Reefs

Fifty-seven species of deep reef fishes from 34 families were
identified from drop-cam deployments, suggesting a rich deep-sea
biodiversity including rare species such as the false catshark
(Pseudotriakis microdon) (Table S5). Reef sharks, typically associated
with shallow reefs, were observed as deep as 300 m, and one
dogtooth tuna (Gymnosarda unicolor) was observed at a depth of
805 m. The ‘40 Mile Reef’, a seamount located about 75 km SE
from Pitcairn, which reached to ca. 75 m of the surface, has one of
the deepest well-developed coral reefs reported worldwide and
consisted mostly of Porutes cf. deformis and Pocillopora sp. Reef fishes
were abundant, including predators such as the groupers
Epinephelus fasciatus and E. tuamotensis, black trevally, and grey reef
sharks. Epinephelus tuamotensis was common between 78-200 m,
and it was the most common large demersal predator observed in
the drop-cam footage.

We observed the presence of crustose coralline algae (CCA) at
312 m depth (and probably 382 m) (Ballesteros et al. in prep.), 44
to 114 m deeper than previously reported [46]. The drop-cam
footage showed abundant CCA and probably the endolithic green
alga Ostreobium sp. below 200 m at Ducie and Henderson, and at
312 m at Ducie. Our footage also shows a potentially deeper CCA
at 382 m at Henderson. The invertebrate fauna in deeper habitats
was dominated by crustaceans, mostly Mysids in the water
column, and crabs (Paguridae, Parapaguridae, Galatheidae) on the
bottom (Table S6). Gorgonians were the most abundant Cnidar-
ians at depths >200 m, while two taxa of scleractinian corals
(Pocillopora sp. and Porites cf. deformis) were observed at depths down
to 100 m.

The habitats between 800-1600 m showed a lower diversity of
organisms, and the presence of fishes that were not observed
shallower, such as the spiny dogfish (Squalus sp.), the false catshark
(Pseudotriakis microdon), snake mackerels (Gempylidae), beardfishes
(Polymixidae), grenadiers (Macrouridae), duckbill eels (Nettasto-
matidae), and Morid cods (Moridae) (Table S5). The presence of a
dogtooth tuna (Gymnosarda unicolor), at 805 m at Pitcairn was
remarkable, and dramatically expands the known depth range of
the species [47].

Discussion

Our results indicate that the Pitcairn Islands contain healthy
coral reef communities that lie at the eastern limits of the Indo-
Pacific Province. Ducie was dominated by top predators and high
coral cover. Although not as high as Ducie, more than 35% of the
total fish biomass at Henderson consisted of top predators. The
high cover of coral, particularly at Ducie and Henderson, is
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Table 3. Biogeographic distribution of fish species observed among the Pitcairn Islands based on species presence.

Distribution Total Ducie Henderson Oeno Pitcairn
Anti-tropical 6 (2.9) 4 (3.3) 4 (2.6) 3 (2.0) 4 (2.8)
Circumtropical 8 (3.9) 6 (4.9) 5(3.3) 3 (2.0 5(3.4)
Central Pacific 3 (1.5 3 (24) 3 (2.0) 3 (2.0 3(2.1)
Indo-Pacific 131 (63.9) 75 (61.0) 98 (64.9) 98 (64.9) 92 (63.4)
Pacific 29 (14.1) 19 (15.4) 22 (14.6) 23 (15.2) 22 (15.2)
Pitcairn endemic” 1 (0.5) 1(0.8) 1(0.7) 1(0.7) 1(0.7)
Pitcairn regional endemic” 22 (10.7) 13 (10.6) 15 (9.9) 16 (10.6) 13 (9.0)
South Pacific 1(0.5) 1(0.8) 1(0.7) 1(0.7) 1(0.7)
Subtropical South Pacific 4 (2.0) 1 (0.8) 2 (1.3) 3 (2.0) 4 (2.8)
Total 205 123 151 151 145

Pitcairn endemic*: only found at the Pitcairn Islands;

doi:10.1371/journal.pone.0100142.t003

noteworthy because the islands are at the southern limit of coral
reef distribution in the Pacific [48]. Oeno had a healthy
population of carnivores, but sharks were rare. This may suggest
some fishing activity at this atoll, which is the closest in the Pitcairn
Group to the inhabited islands of French Polynesia. The lower
coral cover in shallow waters at Pitcairn are likely influenced by
runoff and sedimentation from the island, but a healthy deeper
coral reef ecosystem was found further offshore. Sharks were very
rarely observed at Pitcairn, as expected from an inhabited island
where sharks are still fished. The structure of the food web across
the island group was clearly influenced by the degree of isolation
(i.e. fishing pressure), with Pitcairn and Oeno showing lower
overall fish biomass and a smaller proportion of top predators. The
high endemism throughout the group highlights the isolation of
these islands, particularly at Ducie, which had the highest
proportion of endemics and is also the most remote island in the

group.

Benthic communities
The high dissimilarity between the algal floras of the four islands
is almost certainly related to the different geomorphologies,

Values are numbers of species with percentages in parentheses for all four islands combined and for each island individually.

Pitcairn regional endemic”: found at Pitcairn and Easter/Salas y Gomez and/or Tuamotus/Austral Islands.

habitats, and/or isolation of these islands. Most of the marine
flora in the island group is typically tropical Indo-Pacific in origin
with most species also present in French Polynesia [49-51].
Macroalgal beds dominated by Sazgassum spp. and an erect form of
Lobophora variegata, which forms extensive seaweed beds at Pitcairn
Island between 5 and 18 m, are also found in Lord Howe Island,
Easter Island, and other southern high islands in French Polynesia
[49], [52-53]. Ducie, Oeno, and Henderson had relatively low
cover of algae, which denotes a healthy coral reef environment
with high herbivore biomass. Pitcairn had more algae and less
coral since it is a more nutrient-rich environment (especially in
iron) because of the high island runoff. This runoff has accelerated
in recent history with land modification by the local population
(including building of roads and land uses) and changes in local
weather patterns.

The high coral cover at Ducie (56%) was exceptional
considering this island is the southernmost atoll in the world and
near the easternmost limit of coral reef distribution in the Pacific.
The coral cover was comparable to several other significant high
latitude reefs [54-55]. Consequently, Ducie should be considered
a high priority conservation site given its current lack of local
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Table 4. Biogeographic distribution of fish species observed among the Pitcairn Islands based on and density (no. individuals
m2).

Distribution Total Ducie Henderson Oeno Pitcairn
Anti-tropical 9.1 24 13.8 43 12.0
Circumtropical 0.3 0.5 0.4 0.0 0.3
Central Pacific 12 25 0.7 14 0.7
Indo-Pacific 226 20.7 13.9 29.8 46.0
Pacific 20.1 16.8 227 21.0 1.1
Pitcairn endemic” 17 1.8 1.1 33 0.0
Pitcairn regional endemic? 44.6 55.5 473 39.4 29.2
South Pacific 0.0 0.0 0.0 0.0 0.0
Subtropical South Pacific 0.4 0.0 0.1 0.8 0.7
Values are percentage of total for all four islands combined and for each island individually.

Pitcairn endemic*: only found at the Pitcairn Islands;

Pitcairn regional endemic?: found at Pitcair and Easter/Salas y Gomez and/or Tuamotus/Austral Islands.

doi:10.1371/journal.pone.0100142.t004
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human impacts and the potential to be more resilient to climate
change [56]. Oeno and Henderson also had significant coral cover
(28% and 24%, respectively) despite being at the southern limit of
coral distribution. At Pitcairn we found a deep coral reef
(developing below 35 m depth) that had not been recorded
previously, with a remarkable 26% of the bottom covered by live
coral. The coral cover of mesophotic reefs at Pitcairn is higher
than those observed at similar latitudes in the Northwestern
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Figure 4. Biomass (t ha ') of reef fishes by trophic group at
each island of the Pitcairn islands. Error bars are standard error of
the mean.

doi:10.1371/journal.pone.0100142.g004
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Hawaiian Islands (17%, [57]) and consisted of a wide range of
species. The extreme water clarity surrounding the Pitcairn Islands
(measured up to 75 m at Ducie) allows for coral growth at depths
greater than expected for most Pacific reefs [58]. This deeper
available habitat may help build resilience into ecosystems from
potential climate change impacts [59]. In addition, Pitcairn is
located near the center of the South Pacific Circulation Gyre, and
climate change predictions suggest that this region will show less
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Figure 5. Correspondence analysis on percent cover of major
benthic functional groups, abundance of sea urchins, and
biomass of fish trophic groups.
doi:10.1371/journal.pone.0100142.g005
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dramatic changes in SST, carbonate, and pH than most other
regions around the globe [60].

The positive correlation between coral species richness and
geological age of the islands, while not surprising, highlights some
intriguing biogeographical patterns. The older islands have
experienced greater reef development and coral proliferation than
the younger islands due to the longer colonization time. This pattern
has been documented with many taxonomic groups throughout the
Pacific [61] and is an important component of island biogeographic
theory [62]. Holocene reef growth over the past 11,000 years would
have been relatively similar among the four islands. Pitcairn likely
did not benefit from prior species introductions during the
Pleistocene when it was still tectonically active [63] and when
Henderson was experiencing high coral reef growth [64]. The older
islands were geographically closer to French Polynesia, which has
higher coral species richness [65] and therefore it is reasonable to
assume that coral species richness would decrease with increasing
remoteness. The exception to this hypothesis is Pitcairn, which is
closer to the Gambier Islands than Ducie and Henderson, yet had
the lowest coral species richness. While it is possible that the
uniqueness of Pitcairn (i.e. only high island coupled with
anthropogenic impacts) may have contributed to the lower species
richness, a more likely explanation is that Pitcairn is the only
emergent island along the more southerly and geological ‘hotspot’
region [18]. In comparison, the other three islands lie along the
more northerly geological ‘hotspot’ region that is parallel to Pitcairn
and closer in proximity to the Gambier island group. This northern
underwater ridge, with a more extensive shallow water habitat [18]
than the isolated southerly ridgeline with Pitcairn, might have
enhanced colonizing fauna and flora by acting as stepping stones
from the Gambier island group [61]. Even though this colonization
pattern is counter to the direction of the prevailing winds and
currents coming from the east in the central South Pacific [21], the
species distribution patterns suggests that species moved from west
to east and from older islands to younger islands, inferring that the
current patterns must have been reversed on occasion.

Fishes

Total reef fish biomass for all islands combined was relatively
low (ca. 1.4 t ha™ ') compared to other uninhabited islands situated
further north in the central Pacific such as the Line Islands, where
unfished fish biomass can exceed 5 t ha” ' in some places [36],
[66]. The relatively low biomass at the Pitcairn Islands may be due
to the extremely low productivity of the waters of the Pitcairn
EEZ, compared to the waters in much of the Pacific Ocean [67],
[68]. The low productivity results in low plankton abundance,
which results in extremely clear waters [69]. Nevertheless, the fish
biomass found at the Pitcairn Islands is larger than most fished
sites in the Indo-Pacific and the Caribbean [36], [70-72].

Total fish biomass in the tropical Pacific is determined by the
background productivity of the oceanic waters [73-74] and
possibly the level of species diversity. However, the health of the
fish assemblages is determined by the degree of fishing: lower
fishing pressure results in a larger proportion of the fish biomass
that is accounted for by predators since fishers typically target the
largest individuals in a population [75-76]. The 62% top predator
biomass at Ducie is one of the largest recorded [23], [36], [77],
which is particularly notable because it was not completely driven
by a few large sharks, but rather by a large number of top
predators including groupers and snappers.

The deep waters of the Pitcairn EEZ

We conducted the first survey of deep-sea life in the Pitcairn
Islands EEZ (notwithstanding previous fishing surveys of the
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relatively shallow seamount ‘40 Mile Reef’). We identified 57
species of fishes in only 21 drop-cam deployments. Taking into
account that the average size of the area filmed by the drop-cam is
only 3 m?, the diversity of fish found on the deep habitats of the
Pitcairn Islands is notable. By comparison, similar drop-cam
deployments around Easter and Salas y Gomez islands, 2000 km
further to the east along the Nazca Ridge, yielded only 26 fish
species [53].

The abundance of groupers and sharks at depths between 100
300 m also indicates the intactness of these deep fish populations,
especially at ‘40 Mile Reef’, which harbors a high fish biomass and
is one of the deepest well-developed coral reef communities
currently known [78]. Seamounts worldwide are being trawled,
depleted, and abandoned, and their recovery seems unlikely within
our lifetime, or not at all, because many target species are long-
lived, mature late, and have a small reproductive output [79-81].
The Pitcairn Islands seamounts appear to be relatively intact, and
therefore have high global conservation value.

We found eight probable new species of reef fishes on our deep
camera surveys, mostly between 100-300 m, which suggests that
more extensive surveys will probably yield many more species new
to science. Determining how many of these new species are endemic
to the Pitcairn Islands or are regional endemics will require
additional sampling and collections. In addition, the extreme water
clarity allows marine plants at the Pitcairn Islands to live deeper
than in any other reported location on earth. The previous depth
record for benthic algae was CCA observed at 268 m in the
Bahamas [82]. In summary, our findings clearly show the unique
biodiversity in the deep habitats of the Pitcairn Islands EEZ and the
need to explore these deeper habitats elsewhere.

Conclusions

Because of the nearly pristine and unique nature of most marine
ecosystems of the Pitcairn Islands, its EEZ has a unique global
value that is irreplaceable. There are only a handful of areas in the
EEZs of the world that remain pristine, occupying probably less
than 5% of the ocean [83]. These places allow us to envision what
the ocean was like before heavy human impacts, to understand
what we have lost in other places because of human impacts, and
most importantly, to set proper conservation and management
goals for our oceans [23-24].

Pitcairn islands and the surrounding EEZ are currently being
considered for protection in what would be the largest marine
reserve in the world, containing approximately 836,000 km?. In
September 2012, the Pitcairn community unanimously agreed to
support the creation of a marine reserve, and in January 2013 a
joint proposal was submitted to the UK Government for
consideration. If protection of this area proceeds, scientific
research and monitoring will be established. This study, as the
first to quantitatively assess the community structure of the
organisms inhabiting the coral reefs on the Pitcairn islands, will
provide a valuable baseline by which future changes in ecosystem
components can be measured.

Supporting Information

Table S1 List of algal species observed during expedi-
tion to Pitcairn Island group. X = Previous documented and
observed during our surveys. X = observed during our surveys but
not previously documented. O = observed in previous surveys but
not during our surveys.

(DOCX)
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Table S2 List of coral species observed during expedi-
tion to Pitcairn Island group. X = Previous documented and
observed during our surveys. X = observed during our surveys but
not previously documented. O = observed in previous surveys but
not during our surveys.

(DOCX)

Table $3 Sea urchin density (mean no. individuals m %)
and standard deviation (in parentheses) within each
depth (m) stratum at each island. N= number of
samples (sites).

(DOCX)

Table S4 Fish species list from Pitcairn Islands. Order
is phylogenetic. X= Previous documented and observed
during our surveys. X= observed during our surveys but not
previously documented. O = observed in previous surveys (Irving
et al. 1995, Randall 1999) but not observed during this survey.
(DOCX)

Table S5 Fishes observed in deep habitats of the
Pitcairn islands, using National Geographic’s Drop-
Cams.

(DOCX)
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Table S1. List of algal species observed during expedition to Pitcairn Island group. X = Previous documented and observed during our
surveys. X = observed during our surveys but not previously documented. O = observed in previous surveys but not during our

surveys.
New
Species Ducie  Henderson Oeno Pitcairn records Notes
for all
islands
GREEN ALGAE
Avrainvillea erecta X X X YES
Bryopsis pennata O Reported from Pitcairn by Tsuda (1976)
Caulerpa cupressoides X YES
Caulerpa cupressoides urvilleana X X YES
Caulerpa nummularia X YES
. o Reported from Oeno and Henderson by N'Yeurt &
Caulerpa pickeringii X X 0 Pa;ljri (2007) and from Pitcairn by Tsu?ila (1976)
Caulerpa racemosa X Reported from Pitcairn by Tsuda (1976)
Caulerpa cf. seuratii X YES
. Reported from Pitcairn by Tsuda (1976) and
Cladophora coelothrix © © froIr)n Ducie by Reher andyRandall((197§)
Cladophora herpestica X YES
Cladophora sp. 1 X YES
Cladophora sp. 2 (turf) X YES
Cladophora sp. 3 (overhangs) X YES
Cladophoropsis gracillima o Reported from Pitcairn by Tsuda (1976)
Codium geppiorum X YES
Codium sp. X YES
. . Reported from Pitcairn by Tsuda (1976).
Dictyosphaeria cavernosa © Migidentiﬁed with Diclstphaeric(z vers?uysii
Dictyosphaeria versluysii X X YES
Halimeda discoidea X YES




Table S1. Continued.

New
Species Ducie  Henderson Oeno Pitcairn records Notes
for all
islands

Reported from Pitcairn and Henderson by
Halimeda incrassata O O Tsuda (1976). Probably misidentified with other

Halimeda species
Halimeda minima X YES

Reported from Ducie and Henderson by Tsuda
Microdictyon boergesenii O O (1976). Probably misidentified with

Microdictyon umbilicatum
Microdictyon japonicum X X X YES
Neomeris sp. X X YES
Valonia aegagropila X YES
Valonia macrophysa X YES
Verdigellas cf. peltata X X YES
BROWN ALGAE
Asteronema breviarticulatum X o Reported from Pitcairn by Tsuda (1976)
Canistrocarpus cf. magneanus X YES
Dictyota acutiloba o Reported from Pitcairn by Tsuda (1976)
Dictyota bartayresiana X X YES
Dictyota ceylanica X YES
Dictyota cf. friabilis X YES
Dictyota humifusa X YES
Hydroclathrus clathratus X YES
Lobophora variegata (stiped) X
Lobophora variegata X X X X Reported from Pitcairn and Henderson by

(encrusting)

Tsuda (1976)




Table S1. Continued.

New
Species Ducie  Henderson Oeno Pitcairn rfcords Notes
or all
islands
Padina boryana X YES
Sargassum aquifolium 0 Reported from Pitc‘airn by Mattio et al. (2008)
(as Sargassum echinocarpum)
Reported from Pitcairn by Tsuda (1976). Should
Sargassum coriifolium O be a misidentification with other Sargassum
species.
Sargassum obtusifolium X X Reported from Pitcairn by Mattio et al. (2008)
Sphacelaria sp. X YES
Sphacelaria tribuloides o Reported from Pitcairn by Tsuda (1976)
Stypopodium australasicum X X ge(:)%%r)ted from Pitcairn by N'Yeurt & Payri
Reported from Pitcairn by Tsuda (1976) and
Stypopodium zonale O o from Henderson by Paulay (1989). Should be a
misidentification with S. australasicum
RED ALGAE
Acrosymphyton sp. X YES
Actinotrichia sp. X YES
Amphiroa fragilissima X YES
Botryocladia skottsbergii O Reported from Pitcairn by Tsuda (1976)
Centroceras clavulatum o Reported from Pitcairn by Tsuda (1976)
Ceramiales (unidentified) X YES
Reported from Pitcairn by Tsuda (1976) and
Ceratodictyon intricatum X N'Yeurt & Payri (2010) (as Gelidiopsis

intricata)



Table S1. Continued.

New
Species Ducie  Henderson Oeno Pitcairn records Notes
for all
islands
Chondvria intertexta 0 Reporte'd frorg Pitcairn by Tsuda (1976) as
Chondria intricata
Dasya cf. anastomosans X YES
Dasya sp. X X X YES
Ganonema papenfussii? X YES
Gibsmithia hawaiiensis X YES
Haloplegma duperreyi X YES
Hydrolithon farinosum X YES
Hydrolithon gardineri x X X X Eﬁ;%osr)ted from Ducie by Rehder & Randall
Hydrolithon onkodes x X X X Eﬁ;%osr)ted from Ducie by Rehder & Randall
Hydrolithon samoense X X X YES
Hypnea sp. X YES
Hypnea pannosa X X YES
Jania pumila X YES
Jania rosea 0 Reportgd from P1‘tca1rn by Tsuda (1976) as
Corallina cuvieri

. Reported from Pitcairn by N'Yeurt & Payri
Jania. subulata X (2010) (as Haliptilon subulatum)
Jania sp. X YES
Liagora sp. X YES
Liagora ceranoides X YES
Lithophyllum flavescens X X X YES
Lithophyllum kotschyanum X YES




Table S1. Continued.

New
Species Ducie  Henderson Oeno Pitcairn r;g:;ils Notes
islands

Lomentaria corallicola? X YES
Neogoniolithon frutescens X X YES
Peyssonnelia boergesenii X YES
Peyssonnelia conchicola X X X YES
Pneophyllum conicum X X YES
Rhodomelaceae (unidentified) X X YES
Sporolithon episoredion X YES
Sporolithon ptychoides X YES
TOTAL NUMBER OF SPECIES 13 31 24 42 51

References:

Guiry, M.D. & Guiry, G.M. 2014. AlgaecBase. World-wide electronic publication, National University of Ireland, Galway.
http://www.algaebase.org; searched on 07 January 2014.

Mattio L, Payri CE, Stiger-Pouvreau V. 2008. Taxonomic Revision of Sargassum (Fucales, Phacophyceae) From French Polynesia

Based on Morphological and Molecular Analyses. Journal of Phycology 44:1541-1555.

N'Yeurt ADR, Payri CE. 2006. Marine algal flora of French Polynesia I. Phacophyceae (Ochrophyta, brown algae). Cryptogamie

Algologie 27:111-152.

N'Yeurt ADR, Payri CE. 2007. Marine algal flora of French Polynesia II. Chlorophyceae (green algae). Cryptogamie Algologie 28:3-

88.

N'Yeurt ADR, Payri CE. 2010. Marine algal flora of French Polynesia III. Rhodophyta, with additions to the Phacophyceae and

Chlorophyta. Cryptogamie Algologie 31:3-205.



Rehder HA, Randall JE. 1975. Ducie Atoll: its history, physiography and biota. Atoll Research Bulletin 183:1-40.
Tsuda RT. 1976. Some marine benthic algae from Pitcairn Island. Revue Algologique (NS) 11:325-331.



Table S2. List of coral species observed during expedition to Pitcairn Island group. X = Previous documented and observed during our
surveys. X = observed during our surveys but not previously documented. O = observed in previous surveys but not during our

surveys.

Species

Ducie

Henderson

Oeno

Pitcairn

New record for

all islands Notes

Acropora acuminata
Acropora austera
Acropora cf. elizabethensis
Acropora cf. listeri
Acropora cf. solitaryensis
Acropora cf. vaughani

Acropora cytherea

Acropora digitifera
Acropora gemmifera
Acropora glauca
Acropora globiceps

Acropora humilis

Acropora hyacinthus
Acropora latistella
Acropora lutkeni
Acropora microclados
Acropora monticulosa
Acropora nasuta
Acropora palifera
Acropora retusa
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Yes
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Yes
Reported from Oeno by
Irving and Dawson (2012)

Reported from Ducie, Henderson, and
Oeno by Irving and Dawson (2012).
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Yes




Table S2. Continued.

Species

Ducie

Henderson

Oeno

Pitcairn

New record for
all islands

Notes

Acropora samoensis
Acropora secale
Acropora valida
Alveopora verrilliana

Astreapora cf. moretonensis

Astreopora cf- scabra

Astreopora myriophthalma

Astreopora randalli
Caulastrea cf. furcata
Coscinararea columna
Cycloseris vaughani

Cyphastrea chalcidicum
Cyphastrea cf. serailia
Favia matthaii

Favia rotumana

Favia speciosa

Favia stelligera

Fungia scutaria
Goniastrea retiformis
Goniastrea australiensis
Leptastrea pruinosa
Leptastrea purpurea

Leptastrea transversa

Leptoria phrygia

X
X
X

X
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s
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Reported from Henderson by Irving
and Dawson (2012)

Reported from Pitcairn by
Irving and Dawson (2012)

Reported from Pitcairn by
Irving and Dawson (2012)

Reported from Henderson and Oeno by
Irving and Dawson (2012)




Table S2. Continues.

Species

Ducie

Henderson

Oeno

Pitcairn

New record for
all islands

Notes

Leptoseris cf. hawaiiensis

Leptoseris incrustans

Leptoseris mycetoseroides

Lobophyllia hemprichii
Montastrea curta

Montipora aequituberculata

Montipora caliculata
Montipora capitata

Montipora foveolata
Montipora grisea
Montipora incrassata
Montipora nodosa
Montipora tuberculosa
Montipora verrucosa
Pavona clavus
Pavona maldivensis

Pavona sp. 1

Pavona varians
Plesiastrea versipora

Pocillopora damicornis
Pocillopora eydouxi
Pocillopora meandrina

X
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TRl e e

s

AR O K

O

s

s

s

K < O

Yes
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Yes

Yes

Reported from Pitcairn by Irving and
Dawson (2012)

Reported from Henderson by Irving
and Dawson (2012)

Paulay (1989) states that it is
intermediate in form between P.
maldivensis and P. clavus/P. minuta.

Reported from Ducie, Henderson, and
Oeno by Irving and Dawson (2012)




Table S2. Continued.

Species Ducie Henderson Oeno Pitcairn New r‘ecord for Notes
all islands

Listed as possible new
species by Paulay (1989)

s
s
s

Pocillopora verrucosa X

Pocillopora woodjonesi

Porites aff.annae X
Porites australiensis O
Porites cf. arnaudi

Ll

Yes

A <R A
il

Observed with the Drop-

Porites deformis Yes Cam at 40-mile Reef

=
=

Porites lobata X
Porites lutea

Porites cf. profundus
Psammocora haimeana
Psammocora nierstraszi
Psammocora obtusangula
Scolymia cf- vitiensis

I llls

Yes
Yes

Yes

> [

Reported from Henderson and Pitcairn
by Irving and Dawson (2012)

O X X XA
Pl

Stylocoeniella guentheri

Total number of species 40 58 62 31 23

Total species observed: 79 - 9 reported but not
observed = 70

References
Irving RA, Dawson TP (2012) The marine environment of the Pitcairn Islands. A report to Global Ocean Legacy, a project of the Pew
Environment Group. Dundee: Dundee University Press. 106 p.

Paulay G (1989) Marine invertebrates of the Pitcairn Islands: species composition and biogeography of corals, molluscs and
echinoderms. Atoll Research Bulletin 326: 1-28.



Table S4. Fish species list from Pitcairn Islands. Order is phylogenetic. X = Previous documented and observed during our surveys. X
= observed during our surveys but not previously documented. O = observed in previous surveys (Irving et al. 1995, Randall 1999) but
not observed during this survey.

Family

Taxon

)
<
Q.
o

Henderson

Oeno

Pitcairn  New record

for all islands

Carcharhinidae

Myliobatidae

Muraenidae

Synodontidae

Holocentridae

Aulostomidae

Fistulariidae

Carcharhinus amblyrhynchos
Carcharhinus falciformis
Triaenodon obesus

Aetobatis narinari
Gymnothorax eurostus
Gymnothorax javanicus
Gymnothorax meleagris
Synodus capricornis
Mpyripristis berndti
Myripristis tiki

Myrpristis amaena
Neoniphon opercularis
Neoniphon sammara
Sargocentron diadema
Sargocentron punctatissimum
Sargocentron spiniferum
Sargocentron tiere
Aulostomus chinensis

Fistularia commersonii

X O O X O O [ X ¥ X

)X R X

X

i

T T A e

XX XK X ) O

X

MK X O X XK X KX O X O X

X

O ¥ O X O O X X

®)

i

X

s




Table S4. Continued.

Family

Taxon

Ducie

Henderson

Oeno

Pitcairn  New record

for all islands

Scorpaenidae

Caracanthidae

Serranidae

Cirrhitidae

Priacanthidae

Apogonidae

Pterois antennata
Scorpaenopsis possi
Caracanthus maculatus

Cephalopholis argus

Cephalopholis spiloparaea

Cephalopholis urodeta
Epinephelus fasciatus
Epinephelus hexagonatus
Epinephelus merra
Epinephelus socialis
Epinephelus tauvina
Pseudanthias mooreanus
Pseudanthias ventralis
Variola louti

Cirrhitops hubbardi
Cirrhitus pinnulatus
Neocirrhites armatus
Paracirrhites arcatus
Paracirrhites forsteri

Paracirrhites hemistictus

Heteropriacanthus cruentatus

Ostorhinchus angustatus

W < O < O K O X [ i

)RR A

HKX R XX X K X X O O X X X KO KK X

®)

)R X X

i

<X

O O X MM X X

XXX KO X O X

KX R XX XX X KO O X X




Table S4. Continued.

Family Taxon Ducie  Henderson Oeno  Pitcairn  New record
for all islands

Carangidae Carangoides orthogrammus X

X
Caranx ignobilis O
Caranx lugubris X

X

)X R X

Caranx melampygus

Decapterus species

<o X

Pseudocaranx dentex

Scomberoides lysan

i

Seriola lalandi

®)

Carangidae Seriola rivoliana
Lutjanidae Aphareus furca

Lutjanus bohar

XXX O[O KK KX
s

Lutjanus kasmira

Caesionidae Pterocaesio tile

XXXk O X KO

Lethrinidae Gnathodentex aureolineatus
Lethrinus olivaceous
Monotaxis grandoculis

Mullidae Mulloidichthys vanicolensis
Parupeneus cyclostomus

Parupeneus insularis

< O X
KX R XX XK X O O X XM X KO

Parupeneus multifasciatus

P I S S Sl

Parupeneus pleurostigma

Ol O X X X [ X
o] I TR T e

i

Pempheridae Pempheris oualensis




Table S4. Continued.

Family

Taxon

)
<
Q.
o

Henderson

o
(€]
=
S

Pitcairn  New record

for all islands

Kyphosidae
Chaetodontidae

Pomacanthidae

Kyphosus sp

Chaetodon auriga
Chaetodon flavirostris
Chaetodon lunula
Chaetodon mertensii
Chaetodon ornatissimus
Chaetodon pelewensis
Chaetodon quadrimaculatus
Chaetodon reticulatus
Chaetodon smithi
Chaetodon ulietensis
Chaetodon unimaculatus
Forcipiger flavissimus
Forcipiger longirostris
Hemitaurichthys multispinosus
Heniochus chrysostomus
Heniochus monoceros
Centropyge flavissima
Centropyge hotumatua
Centropyge loricula
Genicanthus spinus

Pomacanthus imperator

o X X O XX X X O KX X X

PRl

HKXR XX X X XX

<X X

<O X X X X

Pl I R I i T o T

A A

O X X X X X

KRR XX X XK O X

XKoo XX X O X X O



Table S4. Continued.

Family

Taxon

)
<
Q.
o

Henderson

Oeno

Pitcairn  New record

for all islands

Pomacentridae

Labridae

Abudefduf sordidus

Chromis acares

Chromis agilis

Chromis bami

Chromis pamae

Chromis vanderbilti

Chromis xanthura

Chrysiptera galba

Chrysiptera glauca

Dascyllus flavicaudus

Dascyllus trimaculatus
Plectroglyphidodon dickii
Plectroglyphidodon flaviventris
Plectroglyphidodon imparipennis
Plectroglyphidodon johnstonianus
Plectroglyphidodon leucozonus
Plectroglyphidodon phoenixensis
Pomochromis fuscidorsalis
Stegastes emeryi

Stegastes fasciolatus

Anampses caeruleopunctatus

Anampses femininus

Mo X X [ O

s

Pl

)oK XA

el e i )

i

XXX KO O X X

T ST B B A B R I S

O X X X X O

O O X X X X X X X [¥ X

T e i T

e



Table S4. Continued.

Family

Taxon

Ducie

Henderson

Oeno

Pitcairn

New record
for all islands

Anampses twistii

Bodianus axillaris
Bodianus bilunulatus
Cheilinus trilobatus
Cheilinus undulatus
Cheilio inermis
Cirrhilabrus scottorum
Coris aygula

Coris roseoviridis
Gomphosus varius
Halichoeres margaritaceus
Halichoeres melasmapomus
Halichoeres ornatissimus
Hemigymnus fasciatus
Hologymnosus annulatus
Iniistius celebicus
Labroides bicolor
Labroides dimidiatus
Labroides rubrolabiatus

Labropsis polynesica

Macropharyngodon meleagris

Novaculichthys taeniourus

= ol T

O M X X [

i

P e A

i

s

<A O X X X X s <[

<X

T T B O R T T T

Pl

s

s

s




Table S4. Continued.

Family

Taxon

)
<
Q.
o

Henderson

o
(€]
=
S

Pitcairn  New record
for all islands

Scaridae

Oxycheilinus unifasciatus
Pseudocheilinus citrinus
Pseudocheilinus octotaenia
Pseudocheilinus tetrataenia
Pseudojuloides atavai
Pseudojuloides cerasinus
Pseudolabrus fuentesi
Stethojulis bandanensis
Thalassoma heiseri
Thalassoma lutescens
Thalassoma purpureum
Thalassoma trilobatum
Calotomus carolinus
Chlorurus frontalis
Chlorurus microrhinos
Chlorurus sordidus
Leptoscarus vaigiensis
Scarus altipinnis

Scarus forsteni

Scarus frenatus

Scarus ghobban

Scarus longipinnis

T TR

O O X XK X X XK X ) XK

PRSI S

Pl o XX X X O

i

P i

MR X O K X X X

<o A

s

s

O O X X X X O X X M X X X X X

<X

ol



Table S4. Continued.

Family

Taxon

Ducie

Henderson

Oeno

Pitcairn  New record
for all islands

Pinguipedidae

Blenniidae

Gobiidae
Ptereleotridae
Zanclidae

Acanthuridae

Scarus schlegeli
Parapercis millepunctata
Parapercis schauinslandi
Cirripectes variolosus
Exalias brevis
Plagiotremus tapeinosoma
Gnatholepis.c.australis
Nemateleotris magnifica
Zanclus cornutus
Acanthurus achilles
Acanthurus guttatus
Acanthurus leucopareius
Acanthurus

Acanthurus nigrofuscus
Acanthurus nigroris
Acanthurus nubilus
Acanthurus olivaceus
Acanthurus thompsoni
Acanthurus triostegus
Ctenochaetus flavicauda
Ctenochaetus hawaiiensis

Ctenochaetus striatus

s

i w O X R e e A i

XX O X

O X X X XX X X X ) O X X XX X X 4

PRI S S

P IR

X< O X

X

< O

< X O X

O [ X X X X
s

< O X X O



Table S4. Continued.

Family Taxon Ducie  Henderson Oeno  Pitcairn  New record
for all islands

i

Naso brevirostris

s

Naso caesius
Naso hexacanthus
Naso lituratus

Naso unicornis

ol I
Pl

Zebrasoma rostratum

Zebrasoma scopas

)OO XX X XX

s

Zebrasoma veliferum

XXX X X KO O

Sigandae Siganus argenteus

Pl

Sphyraenidae Sphyraena genie

s

Scombridae Gymnosarda unicolor

ol

Balistidae Balistoides viridescens
Pseudobalistes fuscus
Rhinecanthus lunula
Rhinecanthus rectangulus
Sufflamen bursa
Sufflamen frenatus
Xanthichthys mento

< O X O [
X X X O
O X X X[ X X

Monacanthidae Aluterus scriptus

< A

Cantherhines dumerilii

s
s

Cantherhines longicaudus

MR O XX X KO X X

=
<o X

Cantherhines sandwichiensis



Table S4. Continued.

Family Taxon Ducie  Henderson Oeno  Pitcairn  New record
for all islands
Pervagor aspricaudus X X
Ostraciidae Lactoria diaphana O X
Tetraodontidae Arothron meleagris X X X X
Canthigaster coronata X X X
Canthigaster janthinoptera X O
Diodontidae Diodon holocanthus X X (@) @)
Diodon hystrix X O X
References

Irving RA, Jamieson J, Randall JE (1995) Initial checklist of fishes from Henderson Island, Pitcairn Group. Biological Journal of the
Linnean Society 56: 329-338.
Randall JE (1999) Report on fish collections from the Pitcairn Islands. Atoll Research Bulletin 461: 1-53.









Table S5. Fishes observed in deep habitats of the Pitcairn islands, using National Geographic’s Drop-Cams.

Family Taxon Ducie Henderson Oeno Pitcairn  40- Observed  Deep habitat type
mile depth
reef  range (m)
Squalidae Squalus sp. X x 805-835  Rock, sand
Hexanchidae Hexanchus griseus X X 647-795  Rocky slope with
sediment
Carcharhinidae Charcharhinus X X x 0-382 Rock, sand, rocky
amblyrhynchos slope with sediment
Pseudotriakidae Pseudotriakis microdon x X X 795-1060 Sand
Gempylidae Rexea sp.1 x x 795-805  Rock, sand
Rexea sp.2 x 835 Rock, sand
Ruvettus sp. X X 835-1060 Fine sand
Polymixidae Polymixia sp. x X X X 795-1060 Rock, sand
Argentinidae Unidentified Argentinidae X 805 Rock, sand
Scombridae Gymnosarda unicolor X 0-805 Rock, sand, rocky

slope with sediment




Table S5. Continued.

Family Taxon Ducie Henderson Oeno Pitcairn  40- Observed  Deep habitat type
mile depth
reef  range (m)
Serranidae Epinephelus fasciatus x 0-78 Deep coral reef
Epinephelus tuamotensis x X X x 78-312  Rock, sand, deep
coral reef, rocky
Pseudanthias sp. nov.1 x 216-230 Iiocky siépe with
sediment
Pseudanthias sp. nov.2 x 216 Rocky slope with
sediment
Pseudanthias sp. nov.3 x 288 Rocky slope with
sediment
Variola louti X 142 Rock, sand, deep
coral reef
Carangidae Caranx lugubris x X X x 0-312 Rock, sand, deep
coral reef, rocky
Seriola lalandi x x 0-312 Iiocky siépe with
sediment
Seriola rivoliana X X X 0-288 Rock, sand, deep
coral reef, rocky
Gobiidae Unidentified Gobiidae spp. x X 216-382 Iiocky siépe with

sediment




Table S5. Continued.

Family Taxon Ducie Henderson Oeno Pitcairn  40- Observed  Deep habitat type
mile depth
reef  range (m)
Chaetodontidae Chaetodon pelewensis x 78 Deep coral reef
Chaetodon sp. nov.1 x 234 Rock, sand
Pomacentridae Chromis pamae X 78 Deep coral reef
Unidentified Pomacentridae 1 x 234 Rock, sand
Unidentified Pomacentridae 2 x 78 Deep coral reef
Monacanthidae Unidentified Monacanthidae X X X 216-234  Rocky slope with
sediment
Pinguipedidae Parapercis sp. X 234 Rock, sand
Muraenidae Gymnothorax eurostus x 78 Deep coral reef
Gymnothorax meleagris x 78 Deep coral reef
Gymnothorax nudimover X 207 Rocks with sand




Table S5. Continued.

Family Taxon Ducie Henderson Oeno Pitcairn  40- Observed  Deep habitat type
mile depth
reef  range (m)
Caesonidae Pterocaesio sp. nov. 230 Rocky slope with
sediment
Antennariidae Antennarius sp. 230 Rocky slope with
sediment
Lutjanidae Aprion virescens 216-230  Rocky slope with
sediment
Etelis carbunculus 282-538  Rocky slope with
sediment
Lutjanus bohar 78 Deep coral reef
Lutjanidae sp. nov? 230-288  Rocky slope with
sediment
Liopropominae Liopropoma sp. 216-230  Rocky slope with
sediment
Synodontidae Synodus sp.1 382 Rocky slope with
sediment
Synodus sp.2 142 Sand, coarse gravel
Macrouridae Caelorinchus cf. sp. 1060 Fine sand




Table S5. Continued.

Family Taxon Ducie Henderson Oeno Pitcairn  40- Observed  Deep habitat type
mile depth
reef  range (m)
Syphanobranchidae Syphanobranchus sp. X 629 Rocky slope with
sediment
Carapidae Unidentified Carapidae X 538 Rocky slope with
sediment
Apogonidae Apogon sp. nov. X 538 Rocky slope with
sediment
Nettastomatidae Unidentified Nettastomatidae X 1359-1585 Rock, sand
Moridae Antimora sp. X 1585 Rock, sand
Malacanthidae Malacanthus brevirostris X 142 Rock, sand
Labridae Bodianus unimaculatus X 142 Rock, sand
Labroides dimidiatus X 10-78 Deep coral reef
Unidentified Labridae x 78-142  Rock, sand, deep
coral reef
Balistidae Sufflamen fraenatum x 20-142  Rock, sand, deep

coral reef




Table S5. Continued.

Family Taxon Ducie Henderson Oeno Pitcairn  40- Observed  Deep habitat type
mile depth
reef  range (m)
Pomacanthidae Centropyge hotumatua x 78 Deep coral reef
Centropyge sp. nov. X 78-142  Rock, sand, deep
coral reef
Genicanthus spinus X 42-78 Deep coral reef
Kyphosidae Kyphosus sp. x 78 Deep coral reef
Aulostomidae Aulostomus chinensis X 78 Deep coral reef
Acanthuridae Acanthurus sp. X 78 Deep coral reef




Table S6. Invertebrates observed in deep habitats of the Pitcairn islands, using National Geographic’s Drop-Cam:s.

Taxon Ducie Henderson Oeno Pitcairn 40-mile  Observed Deep habitat type
reef depth range
(m)
SPONGES
Unidentified sponges X 216 Rocky slope with sediment
CNIDARIANS
Unidentified whip coral x x 207-234  Rocks, sand, rocky slope with
sediment
Unidentified gorgonian spl x 230 Rocky slope with sediment
Unidentified gorgonian sp2 x 230 Rocky slope with sediment
Unidentified gorgonian sp3 x 282 Rocky slope with sediment
Unidentified gorgonian sp4 x 282 Rocky slope with sediment
Pocillopora sp. X 78-142 Deep coral reef, sand
Porites deformis x 78-142 Deep coral reef, sand

Sinularia sp. X 78-142 Deep coral reef, sand




Table S6. Continued.

Taxon Ducie Henderson Oeno Pitcairn 40-mile  Observed Deep habitat type
reef depth range
(m)
POLYCHAETES
Serpulidae x 598 Rocky slope with sediment
CRUSTACEANS
Mysidae X X X 312-805 Rocks, sand, basalt slope, rocky
slope with sediment
Amphipoda x x 629-1585  Fine sand, rocky slope with
sediment, coarse sand with
rocks
Galathidae X X X 216-598 Rocks, sand, rocky slope with
sediment
Paguridae x X 234-652  Rocks, sand, rocky slope with
sediment
Parapaguridae X x 538-598 Rocky slope with sediment
Euphausiacea x x 629-1585  Fine sand, rocky slope with

sediment, coarse sand with
rocks




Table S6. Continued.

Taxon Ducie Henderson Oeno Pitcairn 40-mile  Observed Deep habitat type
reef depth range
(m)
Majidae X 629 Rocky slope with sediment
MOLLUSKS
Unidentified squid X x 598-805 Rocks, sand, rocky slope
Unidentified Octopus x 598 Rocky slope
Ophiuroidea X 234 Rocks, sand
SEA URCHINS
Diadema sp. X 78-142 Deep coral reef
TUNICATES
Unidentified gelatinous X 598 Rocky slope with sediment

zooplankton




	2014.Friedlander et al.Pitcairn
	Table_S1
	Table_S2
	Table_S4
	Table_S5
	Table_S6

