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ABSTRACT

Ten localities in Fiji were sampled for shallow marine ostracods. These included four
sites in Yasawa Group of Islands in the west of Fiji, two sites in Viti Levu (one site
each from the north and south of the island), three sites from Vanua Levu (one site
each from Bua, Savusavu and Natewa, respectively) and one site from Taveuni Island
(northeast of the island). A total of 40 ostracod species were identified from algae,

coral rubble and sediment habitats from intertidal flats of fringing reef systems.

As predicted shallow marine ostracods of Fiji illustrated geographically
restricted distributions. The restricted distributions were attributed to anthropogenic
influence, environmental settings and seasonality. Sites in Yasawa Islands (especially
Tavewa Island sites) were subjected to minimum human influence compared to other
sites. As such, Yasawa Island sites indicated higher ostracod species diversity,
richness and evenness than other sites. Ostracod species occurrences were consistent
with environment settings; similar environment types (open and sheltered coasts)
harbored similar ostracod species. Species of the family Bairdioidea recorded a lot
more juveniles than adult specimens. This was thought to indicate seasonality in their
reproductive cycles. Another set of patterns was observed in ostracod habitat
preferences. Although most ostracod species did not portray any particular habitat
preferences, generally preferring algae habitats with high structural complexity, a
small group of ostracods appeared to prefer specific types of habitats. Paracypria
fijiensis favored filamentous type algae, Bairdioidea species favored coral rubble and

calcareous algae habitats, Paradoxostomatidae species favored tall algae habitats and



Xestoleberis species favored calcareous and short dense algae habitats. Overall, the
vast majority of species illustrated restricted geographical distributions and a small

number of species had cosmopolitan behavior.

Of the 40 species collected 12 were subjected to taxonomic evaluations. These
included Bairdoppilata sp., Paranesidea sp. 1, Paranesidea sp. 2, Paranesidea sp. 3,
Paracypria fijiensis Chand & Kamiya, 2016, Xestoleberis becca Chand & Kamiya,
2016, Xestoleberis concava Chand & Kamiya, 2016, Xestoleberis gracilariaii Chand
& Kamiya, 2016, Xestoleberis marcula Chand & Kamiya, 2016, Xestoleberis
natuvuensis Chand & Kamiya, 2016, Xestoleberis penna Chand & Kamiya, 2016 and
Xestoleberis petrosa Chand & Kamiya, 2016. The hemipenes capsule shapes of
Xestoleberis species were used to categorize Fijian Xestoleberis species into four
groups, I, II, 11l and IV. This grouping was consistent with previous grouping of

Japanese Xestoleberis species.

Cladistics analysis based on morphological characters of Xestoleberis species,
grouped Fijian Xestoleberis species into three paraphyletic groups. These groups were
consistent with the suggested Xestoleberis groups based on hemipenes capsule shapes.
Majority of the Fijian Xestoleberis species grouped with many Australian species and
Xestoleberis becca was a sister species to the Indonesian Xestoleberis sp. 3. Therefore,
indicating that Fijian Xestoleberis species have Indonesian and Australian origins.
Close groupings of Fijian Xestoleberis species with Indonesian and Australian
Xestoleberis species is consistent with previous work on ostracods, reef fishes and

gastropods.
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To learn is to listen with an unprejudiced mind.
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GLOSSARY

Antennulae. The first pair of ostracod appendages — uniramous (exopodite absent or
very reduced), consisting of five to eight segments (or podomeres). Has a sensory
and/or locomotory function (Athersuch et al. 1989).

Antennae. The second pair of ostracod appendages — biramous (exopodite and
endopodite of various ostracods differ). Has a locomotory function (Athersuch et al.
1989).

Anthropogenic activity. Human activities that have negative impacts on the natural
environment. In the present paper this term is used to refer to human activities that
cause environmental degradation, for instance, wastewater discharge in marine
systems.

Barrier reef system. Coral reef system parallel to the shoreline and separated from
the shoreline by a deep lagoon.

Brush organs. A pair of lobed appendages with numerous fine terminating setae in
male ostracods. Function unknown but most likely sensory (Athersuch et al. 1989).

Eigenvalue. Mathematical. With respect to Principal Component Analysis (PCA), the
eigenvector with the highest eigenvalue is selected as the principal component.

Fringing reef system. Coral reef system parallel to the shoreline and separated from
the shoreline by a shallow lagoon (Commonly exposed at low tide).

Furca. Considered to be homologous to uropods; not true appendages. Situated
posteriorly, unjointed and fused at the base (Athersuch et al. 1989).

Mandibles. Third pair of ostracod appendages — consists of a coxa equipped with
terminal row of teeth, tubular palp and a small branchial plate. Functions include
feeding, crawling and/or digging (Athersuch et al. 1989).

Maxillula. Fourth pair of ostracod appendages — consists of three endites (or

masticatory processes), a palp and a well-developed branchial plate. Functions
include feeding and respiration (Athersuch et al. 1989).
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Hemipenis. Male copulatory appendages of male ostracods. Mostly paired and
situated posteriorly. Have taxonomic significance at specific level (Athersuch et al.
1989).

Kauplatte. Upper plate of the masticatory organ of Bairdiidae ostracods (Maddocks
2013).

Normal pores. Open on the external surface of the valves and carry sensilla through
the outer lamella (Athersuch et al. 1989).

Marginal pores. Also called radial pores. Present in the marginal zone (near the outer
edges) of the valves. Carries sensilla (Athersuch et al. 1989).

Monophyletic groups. Cladistics. A group of organisms with an ancestral species
and all its descendants — a clade.

Multi-dimensional scaling (MDS). Multivariate analysis. Used for visualizing
individual cases of a dataset based on similarity (Hammer & Harper 2006).

Open coast environment. Straight-line shores exposed to open ocean wave and surge
conditions. Characterized by coarse sand to rubble-dominated beaches, exposed beach
rocks, rocky headlands and high wave conditions.

Paraphyletic groups. Cladistics. Groups that include an ancestor and some of its
descendants (as opposed to all its descendants in monophyletic groups).

Principal component analysis (PCA). Multivariate analysis. Technique used to
create hypothetical variables (components) in a multi-dimensional dataset that
account for the maximum amount of variances in in the dataset (Hammer & Harper
2006).

Relative abundance. Ecology. Abundance of a particular type of organism with
respect to other organism in a given habitat/area; expressed in percentages.

Sheltered coast environment. Shorelines shielded from direct open ocean wave
impact by a barrier (for example embayed coasts within a bay area, pocket beaches,

shorelines sheltered by surrounding landforms/islands).

Species abundance. Ecology. Number of individuals per given unit sample (area,
volume etc.).
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Species diversity. Ecology. The measure of diversity in an ecological community;
takes into account the species richness and evenness. Shannon diversity index (H') is
a commonly used index to express specie diversity.

Species evenness. Ecology. Variations in species abundance distributions or a
comparison of the number of individuals representing different species in an
ecological community. Commonly represented by diversity indices such as Shannon
diversity index (H'), Buzas and Gibson’s index for evenness (Hammer & Harper
2006; 2009).

Species richness. Ecology. The number of species in a given ecological community.

Whittaker plot. Ecology. A rank/abundance plot used to visualize species abundance
distributions (SAD). Usually the ranks are represented on the x-axis and the log of
abundance is represented on the y-axis.

Zenker’s organs. Part of Cypridoidean male reproductive system — tubular structure
that consists of a chitinous tube ringed by chitinous spiny rosettes. Ejaculatory organs,
which function as pumps to deposit spermatozoa in females during copulation
(Athersuch et al. 1989).
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CHAPTER 1

INTRODUCTION

Ostracods, also known as seed shrimps, have shrimp-like soft bodies enclosed in
calcareous valves, and are classed under the Kingdom Animalia, Phylum Arthropoda,
Sub-phylum Crustacea and Class Ostracoda. In existence since the Ordovician,
ostracods are a long-standing and diverse group of crustaceans (Horne et al. 2002; Tin
and Meidla 2004). Ostracods have a segmented body with 5-8 pairs of limbs, enclosed
in a bivalved carapace. Their size ranges from 0.2 mm (interstitial forms) to 32 mm
(Gigantocypris pelagic marine form). In most taxa respiration is by diffusion through
un-calcified epidermal layer (some myodocopans have gills), aided by the regular
beating of branchial plates on some limbs to maintain the flow of oxygenated water

(Horne et al. 2002).

There are greater than 20,000 extant ostracod species, of which approximately
8,000 species have been studied (Morin and Cohen 1991; Cohen et al. 1998; Horne et
al. 2002). Ostracods are essentially aquatic, found in both marine and freshwater
environments. However, some taxa are adapted to semi-terrestrial environments
(Horne et al. 2002). Examples of semi-terrestrial ostracods are species of the genus
Penthesilenula Rossetti & Martens, 1998 (Family Darwinulidae (Brady & Norman,
1889)) (Pinto et al. 2004). In the marine environment ostracods are distributed from
shallow marginal marine environments of intertidal zones to deeper ocean waters.
Some ostracods even inhabit special environments such as deep-sea vents (Tanaka &
Yasuhara 2016), and host animals (Maddocks 1968). Species of the genus

Pontocypria Miiller, 1894 have been reported to have commensal associations with
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starfish (Maddocks 1968) and sponges (Maddocks 1966). Washing of Holothurians
have also been reported to be a good source of ostracod specimens (Maddocks 1966;
Danielpol et al. 2002). In addition to their dominant benthic presence in the marine
environments, ostracods are also prominent in zooplankton communities (Danielpol et
al. 2002). In addition to present-day environments fossilized ostracod valves are
abundant in sediments around the world. The prominence of ostracods in both
present-day environments and as fossils makes them essential tools for paleo-

environmental research.

1.1 Ostracods

First descriptions of ostracods were made in the eighteenth century (Holmes
2002). Since then numerous aspects of these tiny critters have been researched
including their taxonomy, biology, ecology and uses in paleo-environment studies.
According to Biological classification Ostracoda is a class belonging to the phylum
Crustacea. Horne et al. (2002) classified the living and Quaternary ostracods after
Athersuch et al. (1989), Cohen et al. (1998) and Martens (1998). The class Ostracoda
is subdivided into two subclasses, five orders, 10 suborders and 16 superfamilies

(Table 1.1).



Table 1. 1: Biological classification of Quaternary and extant ostracods. This classification
has been “modified after Athersuch et al. 1989; Cohen et al. 1998; Martens 1998 Horne et
al. (2002) (Source: Horne et al. 2002).

Class Sub-Class Order Sub-Order Super-Family Family

Ostracoda | Myodocopa | Myodocopida |  Myodocopina | Cypridinoidea Cypridinidae
Cylindroleberidoidea | Cylindroleberididae

Sarsielloidea Sarsiellidae

Rutidermatidae

Philomedidae
Halocyprida | Halocypridina Thaumatocypridoidea | Thaumatocyprididae

Halocypridoidea Halocyprididae

Cladocopina Cladocopoidea Polycopidae

Podocopa Platycopida Platycopina Cytherelloidea Cytherellidae
Podocopida | Cytherocopina Cytheroidea Bythocytheridae
Cobanocytheridae

Cuneocytheridae

Cushmanideidae

Cytherettidae

Cytheridae

Cytherideidae

Cytheromatidae

Cytheruridae

Entocytheridae

Eucytheridae

Hemicytheridae

Kliellidae

Krithidae

Leptocytheridae

Limnocytheridae

Loxoconchidae

Microcytheridae

Neocytherideidae

Paracytherideidae

Paradoxostomatidae

Parvocytheridae

Pectocytheridae

Psammocytheridae

Schizocytheridae

Trachyleberididae

Xestoleberididae

Terrestricytheroidea

Terrestricytheridae

Bairdiocopina

Bairdioidea

Bairdiidae

Bythocyprididae




Class

Sub-Class

Order

Sub-Order

Super-Family

Family

Pussellidae

Cypridocopina

Macrocypridoidea

Macrocyprididae

Pontocypridoidea

Pontocyprididae

Cypridoidea

Candonidae

Cyprididae

Ilyocyprididae

Notodromadidae

Darwinulocopina

Darwinuloidea

Darwinulidae

Sigilliocopina

Sigillioidea

Saipanettidae

Palaeocopida

Kirkbyocopina

Puncioidea

1.1.1 Ostracod Biology

Ostracods possess a pair of hinged valves that protect enclosed soft parts.
Biological classification is based on both the carapace and soft part characteristics.
Carapace features examined for taxonomic identification includes lateral outline,
carapace length and height, hinge, pore types and muscle scar patterns. In addition,

living ostracods display color variations due to epidermal pigmentation.

Soft part features examined for taxonomic work include limb segmentation, limb
chaetotaxy, and male and female copulatory organs (Athersuch et al. 1989; Horne et
al. 2002). Both carapace and soft part diagnostic characteristics are used to sort the
ostracods into major taxa. For discussions on these refer to Athersuch et al. (1989)

and Horne et al. (2002).

Growth and development in ostracods is through moulting. At each moult

stage new carapaces develop and older ones are shed. Myodocopan and Podocopan
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ontogenies are different. Myodocopids have four to seven juvenile instars and an adult
instar (Cohen & Morin 1990; lkeda 1992; Kornicker & Harrison-Nelson 1999; Horne
et al., 2002). Podocopids have eight juvenile instars and one adult (for further details
on ontogeny refer to Horne et al. (2002)). Reproduction in ostracods is both sexual
and parthenogenetic. Marine ostracods mainly reproduce sexually. However,
according to Horne et al. (2002) since males of a few “well-studied” marine
podocopids have never been found they are thought to be parthenogenetic. In non-
marine ostracods three reproduction modes have been reported, fully sexual,
exclusively parthenogenetic and mixed where both sexual and parthenogenetic
populations exist (Martens 1998; Horne et al. 2002). Eggs of most Podocopids are
deposited singly or in clusters. Females of some Cytherocopina have brood spaces in
the posterior region of the carapace (for example Xestoleberis, Cyprideis, Metacypris).
Juveniles of Cytherocopina ostracods are retained in the brood spaces until first two to
three moults. Although brood care is apparent in Myodocopids, only one genus of

Halocypridoidea has been reported to brood embryos (Horne et al. 2002).

1.1.2 Ostracod Distribution and Application in Environmental Research

Ostracods are able to inhabit almost all aquatic environments. Analyses of
their distribution patterns can be useful for understanding the environmental settings
they live in. Examining ostracods diversity, abundance, species richness and evenness
etcetera patterns can provide a window to examine the conditions of the environments

they inhabit. Since ostracods are able to inhabit a wide range of environments, they



have potential to be used as sentinels to monitor environment change (Smith & Horne

2002).

Since their valves are well preserved as fossils, numerous studies have used
ostracods as indicators to examine past environments. In addition, ostracods are
generally recovered in high abundance and have relatively high diversity in
physiologically stressed environments, making them highly desirable for paleo-
environment research. Ostracod aspects considered for paleo-environment studies are
listed in Table 1.2. Frenzel & Boomer (2005) report that the use of ostracod valves for
environmental reconstruction research has increased dramatically between the periods
1951 to 2000. Various aspects of ostracods (Table 1.2) are examined to conclude past
environment scenarios. Patterns of ostracod morphology, ecology and geochemistry
of valves are combined to find consistent patterns to reconstruct past environmental

settings (Anadon 2002; Boomer & Eisenhauer 2002; Frenzel & Boomer 2005).

Table 1. 2: Ostracod features considered/analyzed for paleo-environment researches
(Anadon 2002; Boomer & Eisenhauer 2002; Frenzel & Boomer 2005).

Ostracod Features Description

Ostracod assemblage = Absence/presence of species
= Synecology, Autecology

= Adult/juvenile ratios

= Sex ratios

Ostracod morphology = Sieve pore shape
= Noding and ornamentation
= Carapace size

Geochemical analyses of ostracod valves | Chemical ratios:

= Mpg/Ca
= Sr/Ca
- 6180

= 33C

= 87gy/80gy




Although ostracod valves can provide a wealth of information to reconstruct
past environmental settings, detailed knowledge of the indicator organism is needed
to make sound conclusions. Living ostracods have both soft parts and valves that can
provide a more complete set of information about the animal. Therefore, in order to
draw firm deductions from analyses of ostracod fossils, it is essential to build
knowledge on extant ostracods that can be compared against information from
ostracod fossils (Anadon 2002; Boomer & Eisenhauer 2002; Holmes 2002; Frenzel &

Boomer 2005).

1.2 Fiji Archipelago

1.2.1 Location & Climate

As per the categorization by International Union for Conservation of Nature
(TUCN), Fiji is situated in the Oceanian Biogeographic Realm (Udvardy & Udvardy
1975) (Fig. 1.1). Oceania is the smallest realm in land area, does not include
continental landmasses and is composed mostly of volcanic highlands and coral atolls
that formed in recent times. Hence, geologically Oceania is the youngest
biogeographic realm. Since Oceanian islands were never connected to continental
landmasses, the flora and fauna dispersed to these islands by ocean currents, assisted
by the geographical arrangement of the islands and bird migration (routes) (Cowie &
Holland 2006). Never the less, many islands of this realm support high biodiversity
that is mostly unexplored (Kingsford et al. 2009; Kingsford et al. 2011). Six of 39 of
world’s diversity hot spots are in Oceania (Kingsford et al. 2011).
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Previously, dispersal was thought to be a stochastic process in contrast with
the vicariance approach to explain biogeogaphy (Morrone & Crisci 1995; Humphries
& Parenti 1999; Cowie & Holland 2006). However, recent advancements in genetic
phylogenetics approaches indicate that long-distance dispersal does take place and is
often directional (Nathan 2005; Cowie & Holland 2006; Lal et al. 2017). Little is
known about the biogeography of the Oceania region — colonization by fauna and
flora, dispersal processes and mechanisms (Cowie & Holland 2006). Ostracods are
prominent/abundant in a range of environments over the world (both as an extant and
fossil group), including the Oceania region. This group of microscopic crustaceans

may prove to be a useful taxa to examine and understand Oceanian biogeography.

Fiji is located approximately 18°S 178°E in the South Pacific region (Fig. 1.1).
It covers an area of 194 000 km?, about 10% (18 270 km? (Neall & Trewick 2008)).
of which is land area (Fig. 1.2). The Fijian archipelago consists of 332 islands of
which about 110 are inhabited. The group contains an additional 522 uninhabited
islets (Neall & Trewick 2008). The main islands are volcanic in origin; the bigger
islands of the country include Viti Levu, Vanua Levu, Taveuni and Kadavu. Fiji has
a tropical marine climate with a rainy wet and a dry season. The wet season lasts from
November to April and the dry season is from May to October. The country often
experiences tropical cyclones during the wet season. Throughout the year Fiji

experiences south to southeast winds as a result of the dominant southeast trade winds.
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Figure 1. 1: Map of Oceania showing Pacific Island territories. A black star indicates Fiji.
(Map information was extracted from: http://www.paclii.org/journals/fJSPL/vol06/4.shtml,
accessed on 23 October 2016.)

1.2.2 Geology of Fiji

Fiji is situated between two convergence zones, the Tonga-Kermadec and
Vanuatu convergence zones. The island group is separated from the convergence
zones by two extensional back arch basins (North Fiji Basin extending to the west and
the Lau Basin extending to the east). The Fiji Fracture Zone, a major transform
boundary is located north of the islands. The oldest rocks in Fiji are from Late Eocene
exposed in western and southern Viti Levu, Mamanuca and Yasawa (Fig. 1.2). Most
of Viti Levu was formed from plutonic intrusion emplacement and uplifting during
the Middle to Late Miocene. Vanua Levu formed slightly before 7 Ma (Late Pliocene

— Early Pleistocene) (Fig. 1.2) (Neall & Trewick 2008; Chase 1971).
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1.3 Ostracod Studies in Fiji

Numerous studies have been carried out on ostracods in various places around
the globe. However, in comparison with places such as Europe, Japan, and United
Kingdom, there have been limited ostracod studies in the South Pacific Islands. Brady
(1890) is one of the few documented records of ostracod species in the South Pacific
Islands in detail. However, Brady’s (1890) descriptions are limited to ostracod
samples collected from sediments and with valve descriptions only. Brady’s (1890)
memoir provides a bibliography of shallow (less than 12 fathoms) marine ostracods
from New Caledonia, Fiji and Samoa. In addition to Brady (1890) other work that
address Fijian ostracods include McKenzie (1986), Hartmann (1988) and Hiruta

(1994).

1.3.1 Brady (1890) — Systematic Descriptions of Fijian Marine Ostracods

To analyze Fiji ostracod species, Brady (1890) worked with samples from
seven locations across Fiji — Suva, Levuka, Taveuni, Savusavu, Vanua Balavu, Rabi
Island and Mago Island (Fig. 1.3). Brady (1890) described and reported 51 Ostracod
species in the Fiji waters. The ostracod species identified were from the families
Cytherellidae, Cypridinidae, Paradoxostomatidae, Cytheridae, Bairdiidae and

Cyprididae (Fig. 1.4).
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The maximum numbers of species identified in the Fiji waters were from the family
Cytheridae. Among the Cytheridae species, Loxoconcha gracilis Brady, 1890 was
found to be the most abundant species. Loxoconcha gracilis and Cythere prava (Baird,
1850) were the only two species found in all samples. Cythere prava was a common
species reported from the South Sea Islands (Brady 1890). There were 7 and 8 species
records for the families Cypridinidae and Bairdiidae, respectively. The other 3
families have species records of 1, 1 and 3 for Cytherellidae, Paradoxostomatidae and

Cyprididae, respectively.

Ostracod species distribution in Fiji as per Brady’s (1890) records indicate that
in comparison with the Mago Island, Rabi Island and Vanua Balavu sites, the Suva,
Levuka, Taveuni and Savusavu sites have higher ostracod species counts (Figs. 1.5,
1.6). The similarity matrix (Fig. 1.5) and pie chart (Fig. 1.6) indicate that there are
only a few species common across the various sites. 43% of the species occurs only in
one site and only 2% of the species occurs across all seven sites. Low percentage of
common species occurrences among the seven sites may be due to incomplete
sampling. On the other hand, this may also suggest that marine ostracods in Fiji

display restricted geographical distribution.
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Figure 1. 3: Brady’s (1890) ostracod collection sties in Fiji. Sediment samples were collected
from fine muddy sand, coral and beach sand from between tide marks, inside reef pools and
weedy bottoms.
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Figure 1. 4: Number of marine ostracod species as per families in Fiji reported by Brady
(1890).
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Suva Levuka  Taveuni Mago Rambi  Vauna Savusavu
Island Island Island  Balavu Bay
Suva 23
Levuka 13 25
Taveuni 11 12 20
Mago Isl 6 6 7 14
Rambi Is. 7 10 6 4 11
Vauna Balavu 10 11 8 5 6 13
Savusavu Bay 9 10 7 4 7 5 18

Figure 1. 5: Similarity matrix indicating the common species among the seven sites in Fiji
(Source: Brady 1890).

2%

&1 Site

&2 Sites

“ 3 Sites

44 Sites

“5 Sites

“ 6 Sites

~ 7 Sites

Figure 1. 6 Percentage common ostracod species across the 7 sites observed by Brady (1890).

The samples observed by Brady (1890) were not collected for Ostracoda
studies; hence, preservation of samples was in dry conditions. As such, it was
impossible to examine the soft parts. Nonetheless, there are two points of interest

highlighted by the memoir. Firstly, in comparison with the other ostracod species,
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Bairdia amygdaloides Brady, 1880 and Bairdia foveolata Brady, 1868 were placed on
a more stable foundation, since these species were found in considerable numbers in
fine conditions and in various growth stages. Secondly, the Cypridinidae species

occur in high abundance between the tidemarks.

1.3.2 McKenzie (1986) — Distribution of Southwest Pacific Marine Ostracods

Brady’s (1890) work was utilized by McKenzie (1986) to carry out ecological
studies on ostracod species from Saipan, Onotoa, Ontong-Java/Kula Gulf, Noumea,
Cook Islands, Solomon Islands, Fiji, Samoa and Tonga. In addition, McKenzie (1986)
re-described Gambiella caudata (Brady, 1890) and described Pterobairdia
maddocksae McKenzie, 1986. A comparison of shallow water ostracods by
McKenzie (1986) in the SW Pacific illustrates that out of the 51 ostracod species that
have been identified in Fiji (Brady 1890), 22 occurs in Noumea, 17 in Tonga, 22 in
Samoa, 12 in Ontong-Java, 17 in Onotoa and 17 in Saipan. McKenzie (1986)
indicates that there are 14 “endemic” species in the Fiji waters. However, due to
inconsistencies in sample collection (different numbers of samples were collected
from different environments (deep and shallow marine) McKenzie (1986) noted that

“endemics” did not imply that the species had evolved at a particular location.
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1.3.3 Hartmann (1988) — Marine Ostracod Checklist for the Pacific Islands

In addition to McKenzie (1986), Hartmann (1988) also used Brady’s (1890)
work to create a checklist of marine ostracods for Pacific Islands. Hartmann (1988)
reported that despite the lack of pelagic larvae in benthic ostracods, many ostracod
species of the tropical Pacific show a wide distribution. Out of the 269 marine species
from the checklist, 151 were found to only occur in the Pacific Islands (118 show a
wider distribution, they also occur outside the Pacific Islands). Since only exactly
determined species make zoogeographical studies possible and ostracod species in the
checklist had poor systematic bases, Hartmann (1988) was not able to carry out any
zoogeographical examinations. However, the paper made an effort to collate
information about existing knowledge on Pacific Island ostracods. Possible ostracod

species of Fiji as per Hartmann (1988) are listed in Table 1.3.

Hartmann (1988) highlights considerable uncertainty in the analysis of the
distribution patterns of benthic ostracods of Pacific islands. Since there is an
extremely small number of well-defined ostracod species in this region, the
uncertainty in the distribution pattern was attributed to the incompleteness of ostracod

fauna studies of this region.
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Table 1. 3: Possible ostracod species of Fiji as per Hartmann's (1988) distribution criteria.

Criteria

Ostracod Species

Species with Circumtropical
Distribution

Triebelina sertatal, Triebel 1948
Bythocypris reniformis, Brady 1880
Morkhovenia inconspicua (Brady 1880)
Keija demissa (Brady 1868)

Wide Distribution in the Indo-west
Pacific

Cythere ovalis, Brady 1880

Miocypridesi spinulosa (Brady 1868)
Loxoconcha gibbera, Brady 1890
Loxoconchella anomala (Brady 1880)
Paracytheridea longicaudata (Brady 1880)
Hemicytherura scutellata, Brady 1890

West Atlantic-west Pacific
Disjunction

Copytus baculoides (Brady 1890)
Loxoconcha dorsotuberculata (Brady 1866)

East Pacific-Indo-west Pacific
Distribution

No records for Fiji

Pacific Islands and East Asia
(Japan), Excluding Australia

Cylindroleberis cylindrical, Brady 1890
Neomonoceratina entomon (Brady 1890)
Tanella pacifica, Hanai 1957

Pacific Islands and Australia

Callistocythere crenata (Brady 1890)

1.3.4 Hiruta (1994) — Descriptions of Danipussella rhamphodes & Pussella

fijiensis

In addition to Brady (1890), McKenzie (1986) and Hartmann (1988) Hiruta
(1994) described two interstitial ostracod species from the family Pussellidae
Danielopol in Maddocks, 1976 from Fiji. Danipussella rhamphodes Hiruta, 1994 and
Pussella fijiensis Hiruta, 1994 were described from intertidal sand collected from

Suva barrier reef. Hiruta’s (1994) work was the only one with both soft part and valve

descriptions of ostracods from Fiji.

Table 1.4 provides a list of ostracod species reported from the Fiji archipelago

thus far (by Brady (1890), McKenzie (1986), Hartmann (1988) and Hiruta (1994).
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1.4 Aim and Objectives

According to Smith and Horne (2002), there is limited information on
ostracod ecology, including their modern life histories, environmental tolerances and
methods and patterns of distribution. In particular, the lack of ostracod related
knowledge in the Pacific Islands has been repeatedly highlighted (Brady 1890;
McKenzie 1986; Hartmann 1988; Titterton and Whatley 1988). Ostracod studies in
Fiji are limited to Brady (1890), McKenzie (1986), Hartmann (1988) and Hiruta
(1994). Furthermore, ostracod samples analyzed by Brady (1890) were collected
using dry preservation techniques; hence there were no soft part descriptions. In
addition, only sediment habitats were explored for ostracod samples. Both
McKenzie’s (1986) and Hartmann’s (1988) work are based on Brady’s (1890)

findings.

Brady’s (1890) work was carried out more than a century ago and the most
recent work (McKenzie 1986; Hartmann 1988; Hiruta 1994) more than 2-3 decades
ago. Since then, there have been improvements and advancements in ostracod
taxonomy techniques with advancements in technology. Hence, in addition to general
gaps on ostracod knowledge (biology, ecology, taxonomy etc.), the existing records
on Fijian ostracods are outdated. Therefore this study aims to examine the shallow
marine ostracod fauna of Fiji. In order to achieve the goal the following objectives

were addressed.
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Table 1. 4: Alist of ostracod species reported from Fiji to-date.

Brady 1890: Phlyctenophora viridis

Pontocypris gracilis
Pontocypris sicula
Macrocypris decora
Bairdia simplex
Bairdia amygdaloides
Bairdia crosskeiana
Bairdia foveolata
Bairdia milne-Edwardsii
Bairdia woodwardiana
Bairdia nodulifera
Cythere demissa
Cythere crispata
Cythere inflata
Cythere ovalis

Cythere caudata
Cythere cuneolus
Cythere packardi
Cythere prava

Cythere rectangularis
Cythere infundibulata
Cythere labiata
Cythere ichthyoderma
Cythere militaris
Limnicythere fijiensis
Cytheridea spinulosa
Loxoconcha gracilis
Loxoconcha honoluliensis
Loxoconcha pumicosa
Loxoconcha alata
Loxoconcha anomala
Loxoconcha dorso-tuberculata
Loxoconcha gibbera
Xestoleberis curta
Xestoleberis variegata
Cytherura marcida
Cytherura entomon
Cytherura scutellata

Brady 1890:

Cytheropteron coccoides
Cytheropteron rude
Cytheropteron longicaudatum
Cytherideis baculoides
Paradoxostoma ovatum
Philomedes vellicata
Pleoschisma robusta
Pleoschisma moroides
Asterope cylindrica
Asterope australis
Sarsiella sculpta
Sarsiella rudis
Cytherella semitalis

McKenzie
1986:

Cytherelloidea fijiensis
Paracytheridea longicaudata
Paranesidea nodulifera
Cytheropteron rude
Gambiella caudata

Sarsiella rudis

Hemicytherura scutellata
Morkhovenia cuneola
Alatahermanites infundibulata
Ponticocythereis labiata
Ponticocythereis ichthyoderma

Hartmann
1988:

Cythere ovalis
Paracytheridea longicaudata
Miocyprideis spinulosa
Loxoconcha gibbera
Loxoconchella anomala
Hemicytherura scutellata
Copytus baculoides
Loxoconcha dorsotuberculata
Cylindroleberis cylindrica
Neomonoceratina entomon
Tanella pacifica
Callistocythere crenata

Hiruta 1994:

Danipussella rhamphodes
Pussella fijiensis
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Examination of ecological and geographical distribution patterns of shallow
marine ostracod fauna within the Fiji archipelago.
Determination of patterns among Fijian shallow marine ostracods and its
associated habitats.
Taxonomic evaluation/systematic descriptions of selected shallow marine
ostracods of Fiji:

a. Family Bairdiidae (1 Bairdoppilata sp. and 3 Paranesidea spp.)

b. Family Paracyprididae (1 Paracypria sp.)

c. Family Xestoleberididae (7 Xestoleberis spp.)
Investigation of the origin of shallow marine Xestoleberis species of Fiji based

on morphological character analysis.

1.4.1 Hypotheses

The following hypotheses are proposed with respect to the above objectives.

Firstly, Titterton and Whatley (1988), Hartmann (1988) and McKenzie (1986)

indicate endemism among ostracod species in the South Pacific waters. According to

Hartmann (1988) geographical isolation of ostracod species due to the “East Pacific

Barrier” EPB (Darwin 1880) exists for present day ostracods. Titterton and Whatley

(1988), in agreement with Hartmann (1988), report the principle reason for endemism

to be physical barriers (latitude and deep oceans). Furthermore, Brady’s (1890)

marine ostracod species listing for the Fiji Islands indicates that the number of

ostracod species common across the various sites in Fiji is low.
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Dispersal of marine organisms is depended on the presence of a dispersal
phase in its life cycle, the duration of the dispersal phase and physical parameters
(such as ocean currents and ocean depths) that would aid and/or hinder with dispersal.
Since ostracods have no, or a very short larval phase and the many islands in the Fiji
archipelago are separated by deep and often rough seas (Fig. 1.7), it is predicted that
marine ostracod species would display restricted geographical distribution within the

Fiji archipelago.

Secondly, thus far, marine ostracod studies carried out in Fiji have only
exploited sediment habitats for ostracod samples (Brady 1890; McKenzie 1986;
Hartmann 1988). Since, ostracod species assemblage in sediments and seaweed are
reported to be different (Horne et al. 2002; Hull 1997), it is predicted that seaweed

analyses would render new ostracod species.

Finally, Briggs (1999; 2003) reports the East Indies area to be the marine
center of origin for the Tropical Pacific region. In addition, Titterton & Whatley
(1988) indicate the ostracods of Southern and Southwestern Pacific (which included
Fiji) to have origins in Indonesian (part of East Indies) and Australian regions. Studies
on marine gastropods and coral reef fishes from Fiji also indicate close affinities with
Indonesian and Australian populations (Planes & Fauvelot 2002; Meyer et al. 2005;
Drew et al. 2008). Therefore, it is predicted that the cladistics analysis using
morphological characters of Xestoleberis species would indicate Fijian Xestoleberis

species to have close affinities with Indonesian and Australian species.
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1.5 Methodology

This section outlines the general techniques employed for ostracod collections
and initial processes involved in picking and sorting of ostracod specimens. Details of
sample collection sites and habitats are also provided. The various environmental
settings of the collection sites and habitats sampled for ostracods are included at the

end as plates.

1.5.1 Sample Collection

Samples were collected from 10 localities across Fiji (Fig. 1.7, Table 1.5,
Plates 1-1V). Five of these sites were sampled in 2015 (S1, S5, S8, S9 & S10), two
sites were sampled in 2016 (S6 & S7) and three sites were sampled in both 2015 and
2016 (S2, S3 & S4) (Figs. 1.7, 1.8). Collections were made from algae, sediments and

coral rubble (Table 1.5, Plates V-VII).

At each collection site the following procedure was followed to collect
samples. The collection area was scoped for clean water for washing algae, sediment
and coral rubble samples, dominant algae types, and prominent environmental
features (Table 1.5). In addition to notes and sketches, the collection area was
photographed (Plates I-1V). Water temperature, salinity and dissolved oxygen content
recordings were made at each site (Table 1.5). Algae and coral rubble samples were

collected using buckets and/or zip-lock bags.
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Figure 1. 7: Map of the Fiji archipelago illustrating the study sites (§51-S10). Orange circles indicate sites sampled in 2015, blue circles indicate sites
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Table 1. 5: Sampling site details as per the sites illustrated in Fig. 1.2. The habitats sampled for ostracods have been cateogorized as bluegreen algae (BGA),
green filamentous algae (GFA), calcareous algae (CA), short dense algae (SDA), short scarse algae (SSA), tall algae (TA), coral rubble (CR) and sediments
(S). Refer to Plates 1-VII for further details.

Locality Coordinates Collection Water Sampled Habitats Site Description
Date Parameters
Category | Details
S1 | Korovou, Naviti 17°06'16.21"S 18-Feb-2015 | Temperature: BGA Bluegreen algae Sheltered coast.
Island, Yasawa Group | 177°13'30.22"E 21.7°C GFA Chaetomorpha sp. Fringing reef flat. Windward
Salinity: 33.2%o Green filamentous algae | side of Naviti Island. Along a
Dissolved oxygen: | CA Halimeda opuntia pocket beach, in front of the
4.9 mg/L SDA Gracilaria maramae White Sandy Beach Resort.
Pterocladiella sp. Developments: two small
SSA Padina sp. backpacker-type resorts.
TA Sargassum sp.
S2 | NW Tavewa Island, 16°54'56.40"S 17-Feb-2015 | Temperature: BGA Bluegreen alage Open coast.
Yasawa Group 177°21'47.32"E 21.7°C CA Halimeda incrassate Narrow fringing reef flat.
Salinity: 33.2%o Halimeda opuntia Windward side of Tavewa
Dissolved oxygen: | SDA Gelidiella acerosa Island. North point of the
4.9 mg/L SSA Dictyosphaeria windward side - exposed to
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Caulerpa sp.
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Chlorodesmis fastigiata
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Neomeris van-bossae

high energy waves of the open
ocean. Coastal area dominated
by basaltic rock (joints and
cracks) headlands.



Locality Coordinates Collection Water Sampled Habitats Site Description
Date Parameters
Category | Details
7-Aug-2016 | Temperature: CA Halimeda opuntia
25.3°C SDA Gelidiella acerosa
Salinity: 35.6%o SSA Chlorodesmis fastigiata
Total dissolved Chelisporum sp.
solids: 35.6 g/L Red algae
S Sediments
S3 | NE Tavewa Island, 16°55'3.43"S 17-Feb-2015 | Temperature: GFA Green filamentous algae | Sheltered coast.
Yasawa Group 177°21'56.05"E 33.2°C CA Halimeda opuntia Narrow fringing reef flat.
Salinity: 33.2%o SSA Padina sp. Leeward side of Tavewa
Dissolved oxygen: Neomeris van-bossae Island; sheltered from open
4.2 mg/L Boergesenia forbesii ocean. Just past the headland
Caulerpa sp. from NW (S2) site. Coastline
TA Sargassum sp. mostly rocky with patches of
Turbinaria sp. sand, pebbles and boulders.
S Sediments
Sargassum sp. sampled in 2016
7-Aug-2016 | Temperature: BGA Bluegreen algae did not have leaves and there
25.3°C CA Halimeda opuntia was a dense mat of encrusting
Salinity: 35.6%o SSA Padina sp. sponge growing on the surface
Total dissolved TA Sargassum sp. of the algae.
solids: 35.6 g/L S Sediments
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Locality Coordinates Collection Water Sampled Habitats Site Description
Date Parameters
Category | Details
S4 | SE Tavewa Island, 16°55'47.64"S 16-Feb-2015 | Temperature: CA Halimeda opuntia Sheltered coast.
Yasawa Group 177°21'41.65"E 21.6°C Halimeda macroloba Fringing reef flat. The leeward
Salinity: 33.6%o SDA Gracilaria maramae side of Tavewa Island:;
Dissolved oxygen: Pterocladiella sp. sheltered from the open ocean.
5.1 mg/L SSA Acanthophora sp. In addition to being in the
Bryosis penata leeward side, surrounding
Halophila ovalis islands (Nacula Is., Nanuya Is.,
S Sediments Matacawalevu Is.) form a
barrier around it. Soft sandy,
8-Aug-2016 | Temperature: BGA Bluegreen algae gently sloping beach. Beach
25.8°C GFA Green filamentous algae | scarps near vegetation line
Salinity: 35.1%o CA Halimeda opuntia (exposed coconut tree roots).
Total dissolved SDA Pterocladiella sp.
solids: 34.5 g/L Gracilaria sp.
SSA Padina sp.
Acanthophora sp.
S Sediments
S5 | Korotogo, Coral Coast, | 16°44'6.76"S Temperature: BGA Bluegreen algae Open coast.
Viti Levu 179°9'14.47"E 14-Feb-2015 | 30.5°C GFA Green filamentous algae | Narrow fringing reef flat.
Salinity: 33.2%o CA Halimeda opuntia Stretch of coastline in front of
Dissolved oxygen: | SDA Galaxaura divariata Tubakula Backpackers Resort
5.5 mg/L SSA Chlorodesmis fastigiata | along the south coast of Viti
TA Sargassum sp. Levu. Coarse sand to rubble
Turbinaria sp. dominated beach. Gently
CR Coral rubble sloping. Developments:
S Sediments numerous hotels and resorted

along this stretch.
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Locality Coordinates Collection Water Sampled Habitats Site Description
Date Parameters
Category | Details
S6 | Nakorokula, Rakiraki, | 17°20'34.65"S 5-Aug-2016 | Temperature: BGA Bluegreen algae Open coast.
Viti Levu 178°13'35.01"E 26.5°C GFA Green filamentous algae | Narrow fringing reef flat.
Salinity: 34.5%o SDA Pterocladiella sp. Collection area in front of
Total dissolved SSA Padina sp. Nakorokula Village on the east
solids: 37.8 g/L Acanthophora sp. side of Ellington Wharf. Flat,
S Sediments fine—coarse sand beach
dominated by terrestrial
sediments. Freshwater creek
empties into the sea on the
southeast of the collection area.
S7 | Nabouwalu, Bua, 16°59'43.78"S 3-Aug-2016 | Temperature: GFA Green filamentous algae | Open coast.
Vanua Levu 178°41'10.61"E 26.3°C CA Halimeda opuntia Narrow fringing reef flat. In
Salinity: 35.6%o SDA Pterocladiella sp. front of the Fisheries office,
Total dissolved Gracilaria sp. east of Nabouwalu jetty. Flat,
solids: 33.9 g/L SSA Padina sp. fine—coarse sand beach.
Acanthophora sp.
TA Sargassum sp.
CR Coral rubble
S Sediments
S8 | Natuvu, Savusavu, 16°44'6.76"S Temperature: GFA Green filamentous algae | Sheltered coast.
Vanua Levu 179°34'42.67"E 11-Feb-2015 | 32.4°C CA Halimeda macroloba Fringing reef flat. Wide sandy,
Salinity: 33.6%o SSA Padina sp. flat intertidal flat. Intertidal flat
Dissolved oxygen: Acanthophora sp. in front of Natuvu Village in
5.1 mg/L TA Sargassum sp. the west of Savusavu Bay.
S Sediments
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Locality Coordinates Collection Water Sampled Habitats Site Description
Date Parameters
Category | Details
S9 | Viani, Natewa, Vanua | 16°44'7.55"S Temperature: CA Halimeda opuntia Sheltered coast.
Levu 179°34'42.85"E 10-Feb-2015 | 30.4°C Halimeda macroloba Fringing reef within Natewa
Salinity: 33.3%o SSA Padina sp. Bay. Collection site in front of
Dissolved oxygen: | TA Sargassum sp. a small island within the
3.9 mg/L S Sediments Natewa Bay, adjacent to Viani
Village. Calm coastline with
white sandy beach. Gently
sloping beach.
S10 | Naselesele, Taveuni 16°41'49.96"S Temperature: BGA Bluegreen algae Open coast.
Island 179°51'54.36"E 09-Feb-2015 | 32.0°C GFA Ulva intestinalis Fine sandy, flat beach along the
Salinity: 31.4%o CA Halimeda opuntia road in front of Naselesele
Dissolved oxygen: | SDA Pterocladiella sp. Village. Boulders placed along
8.1 mg/L S Sediments shoreline for re-enforcing road.
A small creek empties into the
coastal waters near the
collection site.
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Figure 1. 8: Venn diagram illustrating study sites sampled in the years 2015 and 2016. For
site details refer to Fig. 1.3 and Table 1.3.

Collected samples were thoroughly washed with in-situ seawater and sieved through a
two-set sieve (sized 63 um and 1000 um). Residue collected on the 63-um sieve was
bagged (in a zip-lock bag) and preserved in 70% ethanol. Sediment samples were
collected from submerged intertidal areas (tide pools and sub-tidal zones) using a 63-
pm hand net (dimensions: 12 cm x 15 cm). Collections were made by sweeping the
hand net over the sediment surface. The sieving, bagging and preservation procedures
applied to sediment samples were the same as that used for algae and coral rubble

samples.

The necessary export permits were obtained from the Fiji Government for
transporting the ostracod samples to Kanazawa University, Japan, where laboratory
examinations were carried out.
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1.5.2 Sample Processing

The preserved (63 um — 1000 um sized) samples/residue from algae, coral
rubble and sediments were separated into two sets: (i) 63 um — 250 um set and (ii)
250 pum — 1000 pum set. Ostracod specimens were picked from both sample sets. The
ostracod specimens were sorted into Ostracoda families with reference to Athersuch

et al. (1989) and Brady (1890).

1.6 Study Rationale

Fiji is situated in the Oceanian Realm (Udvary 1975), the vast ocean area of
which is mostly unexplored, its biodiversity not well researched, documented or
understood. The lack of scientific knowledge on ostracods in Oceanian islands has
been reported a number of times (Brady 1890, McKenzie 1986, Hartmann 1988,
Titterton & Whatley 1988). In addition, the need for scientific research on Arthropods
(Crustacea: Ostracoda) was highlighted in a report on Convention on Biological
Diversity for Fiji (Department of Environment 2010). Thus, a study of Fijian
ostracods would supplement the knowledge gap for both Fiji as a country and Oceania

as a region.

Hartmann (1988) highlighted that most of the ostracod records in the Pacific
Islands have poor systematic bases. Existing taxonomic work on ostracods in the

Pacific Islands (including Fiji) are mostly based on valve descriptions only (Brady
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1890; McKenzie 1986; Whatley & Jones 1999; Titteron & Whatley 2005). In addition,
existing ostracod studies for Fiji were carried out more than two decades to a century
ago (Brady 1890 is the oldest record and Hiruta 1994 is the most recent record). Both
the tools and methods have improved over this period. Hence, taxonomic evaluations
of ostracods (both soft parts and valves) using present-day method and tools would be

a step towards strengthening the systematic bases of Fijian ostracods.

Two major research areas associated with marine environments in the Pacific
Islands are biodiversity conservation and aquaculture (Department of Environment
2010). The understanding of biogeography is essential for both these areas of study.
Shallow marine ostracods are a common constituent of marine biodiversity of Fiji.
Hence, as mentioned above a study on ostracods would supplement Fijian marine
biodiversity knowledge. In addition, since the last studies on Fijian ostracods were
more than two decades ago, this study would provide a baseline for shallow marine
ostracods of Fiji. Ostracod distribution patterns from this study could also be used as a
reference/unit for comparison for studies on other marine taxa. In this way, this study

may contribute to the understanding of local and regional biogeography as a whole.

Numerous studies have exploited ostracods as environmental indicators for
both paleo-environment and present-day environment change (Anadon et al. 2002;
Boomer & Frenzel 2002; Stark et al. 2003; Ruiz et al. 2004; Frenzel & Eisenhauer
2005; Ruiz et al. 2005; Yasuhara & Yamazaki 2005). The natural marine
environments of Fiji are commonly impacted by anthropogenic activity and acute
events such as tropical cyclones and high sea temperatures. Due to this there are

frequent environmental assessments carried out in Fiji to study the impact of such
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activities and events on Fiji’s marine systems. Since ostracods are abundant in Fiji
waters, these may prove to be ideal indicators to observe environmental changes due

to both human impact and the above-mentioned acute events.

Anadon et al. 2002, Boomer & Frenzel 2002 and Frenzel & Eisenhauer 2005
highlight the importance of taking a multi-disciplinary approach in order to obtain the
best results when using ostracods as environmental indicators. Multiple aspects of
ostracod research would need to be considered including taxonomy (identification of
indicator species), morphology (for example morphological changes due to water
pollution), assemblages and ecology, valve chemistry etc. At lease some aspects of
ecology, distribution and taxonomy of Fijian marine ostracods have been examined
by this study. Therefore, the contents of this study would provide a baseline set of
information for future studies that can use ostracods as potential environmental

indicators in Fiji.

1.7 Dissertation Organization

The structure of this dissertation is illustrated by figure 1.9. A general
introduction to ostracod and applied ostracod researches, ostracod work carried out in
Fiji, goal and objectives of this study and sample collection settings and procedures
are outlined above. Chapter 2 deals with the distribution pattern of shallow marine
ostracods within Fiji waters. Distribution patterns are discussed with respect to

collection localities, environment type and habitats. Chapter 3 — 5 are on taxonomic

32



evaluation of selected shallow marine ostracods. Systematic descriptions and
geographical distributions are outlined and discussed for 12 species. Chapter 3 deals
with one species of the genus Bairdoppilata and three species of the genus
Paranesidea. Chapter 4 deals with one species from the genus Paracypria. Chapter 5
deals with seven species from the genus Xestoleberis. Chapter 6 discusses the origin
of the seven Xestoleberis species described in Chapter 5 by morphological
comparisons with Xestoleberis species reported from elsewhere in the world. Finally,

Chapter 7 reviews, discusses and concludes the findings of Chapters 2 — 6.
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Chapter 1 — Introduction

.

Chapter 2 — Shallow marine ostracod

distribution patterns within Fiji archipelago

.

Chapter 3 — Bairdoppilata and Paranesidea species (Ostracoda:

Podocopida: Bairdioidea) from the Fiji Archipelago

.

Chapter 4 — A new species of the genus Paracypria (Crustacea:

Ostracoda: Cypridoidea) from Fiji Archipelago

.

Chapter 5 — Seven new species of the genus Xestoleberis

(Ostracoda: Podocopida: Cytheroidea) from the Fiji Archipelago

.

Chapter 6 — Origin of Fijian Marine Ostracods: Case Study of Shallow

Marine Xestoleberis species using Morphological Character Analysis

.

Chapter 7 — Discussion & Conclusion

Figure 1. 9: Dissertation organization.



CHAPTER 2

SHALLOW MARINE OSTRACOD DISTRIBUTION PATTERNS
WITHIN FIJI ARCHIPELAGO

2.1 Introduction

Ostracods form a prominent part of the meiofaunal groups inhabiting seaweed and
sediments of intertidal flats (Hull 1997; Smith & Horne 2002; Frame et al. 2007).
Despite their discernible presence in the intertidal environment, few ecological works
on ostracods have been carried out around the world (Frame et al. 2007). Perhaps,
most of the studies on ostracod ecology are from the United Kingdom (Whatley &
Wall 1975; Horne 1982; Athersuch et al. 1989; Hull 1997), northern Europe

(Hagerman 1966; 1968) and Japan (Kamiya 1988; Nohara & Tabuki 1990).

Athersuch et al. (1989) outlined various ecological characteristics of ostracods
(especially for British ostracod fauna). The most important physical and chemical
factors that were reported to influenced the distribution of ostracod species were
salinity, temperature, pH, oxygen, water depth, substrate and food supply. The major
control for environmental distribution of ostracods is salinity. Based on their tolerance
to saline conditions ostracods are divided into marine, brackish-water and non-marine
(saline lakes, freshwater ponds, rivers and streams) forms. Athersuch et al. (1989)
described two categories of ostracods within the brackish-water forms — “marine
species that can tolerate reduced salinities to some degree and true brackish-water

species only found in waters of less than normal salinities (33—36%o)”.
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The major factor that influences the geographical distribution of ostracods is
temperature (Athersuch et al. 1989). Temperature has a crucial role in the
reproduction processes of ostracods — most species reproduce (egg—juvenile—adult
developments) in warmer temperatures (spring and summer). Only a few species have
been observed to tolerate high fluctuations in pH and oxygen concentration conditions,
for example the British Hirschmania viridis and Cyprideis torosa (Athersuch et al.

1989).

Ostracods generally occur in two types of habitats — plants and sediments.
Ostracod species are predominantly found in either one of the habitats; however, there
are species that occur in both habitat types. Some examples species and genera that
inhabit both plants and sediments from British waters inlcude Cythere lutea,
Hemicythere villosa, and species of the genera Aurila, Loxoconcha, Elofsonia,
Semicytherura and Cytherois (Athersuch et al. 1989). There are also interstitial
ostracod forms that inhabit the spaces between coarse sand particles. The dominant
phytal species and genera that live on fronds and holdfasts of marine algae from
British coasts include Propontocypris pirifera, Heterocythereis albomaculata, and
species from the genera Callistocythere, Hemicytherura, Xestoleberis and

Paradoxostoma (Athersuch et al. 1989).

Although there is some evidence that some ostracods have a preference for
particular algae species (Horne 1980), it is mostly the structural morphology of the
seaweed that determines the diversity of ostracod species inhabiting a particular
seaweed (Whatley & Wall 1975; Athersuch et al. 1989; Hull 1997; Frame et al. 2007).

Seaweeds with dense, complex and interwoven filamentous structures usually support
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high ostracod species richness. Other crucial factors that make seaweeds good
habitats for meiofauna include morphological structures that act as sediment traps,
available living space, promote epiphytic growth and moisture retention so as to
provide protection against desiccation. Due to its ability to act as sediment traps (and
also because sediment ostracod species stray from their preferred habitats), phytal
habitats often support a mix of true phytal and sediment species (Athersuch et al.

1989).

Since ostracods have a wide distribution and are abundant in aquactic
environments they are considered to be a valuable tools for indicating both paleo-and
short-term environmental changes. Their use as environmental indicators is
strengthened by the fact that ostracods have specific ecological requirements, are
highly senstive to oxygen depletion and have well-defined salinity tolerances (Neale
1988; Zarikian 1998; Zarikian et al. 2000). Since ostracod valve chemistry is
depended on the temperature and chemistry of the water they live in (Chivas et al.
1986), an examination of their valves would provide information of the environment
they inhabited. In addition, environmental variables such as ionic ratios,
hydrodynamic levels, seasonal conditions and physical-chemical equilibrium at
water—sediment interface can influence/modify the morphological characteristics of
ostracod valves causing polymorphism that can be used as environmental impact
indicators (Carbonel 1982; Bodergat 1983; Carbonel & Tolderer-Farmer 1988;
Carbonel et al. 1990; Van den Bold 1990; Dequan 1990; Bodergat et al. 1991; Ruiz et
al. 2005). However, in order to explore the potential of ostracods as environmental

indicators it is essential to understand their life histories.
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Fiji is a developing nation and tourism is its major industry. Marine
biodiversity is the most lucrative feature of Fiji’s tourism industry. As a result the
country has a number of ongoing coastal development projects. Environmental impact
assessments are essential to understand the impact of tourism activities on Fiji’s
natural marine systems. Since marine ostracods are abundant in Fiji waters, they
would be ideal for use as indicators to monitor environmental changes due to
anthropogenic activities. Ostracod studies carried out in Fiji thus far are taxonomical.
Fijian shallow marine ostracod communities have not been explored for ecological
studies. Hence, in order to build a baseline set of information on Fijian ostracod
ecology/life histories this chapter aims to examine patterns in the distribution of
shallow marine ostracods within the Fiji archipelago. In order to address this goal
various ecological aspects were analyzed: species abundance distributions at each
study site (Fig. 1.3, Table 1.3), ecological indices across the study sites, study site
comparisons with respect to species occurrences, species distribution patterns across

the study sites and ostracod species and habitat patterns.

2.2 Methodology

Ostracods were collected from algae, sediment and coral rubble habitats from
10 locations in Fiji Islands (Fig. 1.7, Table 1.5). Out of the 10 sites, five were sampled
in February 2016 (S1, S5, S8, S9, S10), two were sampled in August 2016 (S6, S7)
and three were sampled in both February 2015 and August 2016 (S2, S3, S4) (Fig, 1.7,

1.8). For details of sample collection refer to section 1.5 (Chapter 1).
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A total of 40 shallow marine ostracod species from 10 families and one
subclass (Mydocopa) were used to carry out the analyses on ostracod distribution
patterns in this section (Fig. 2.1, Table 2.1). Prior to carrying out the analyses the raw
species counts were converted to binary data and relative abundance (normalized)
matrices (Appendices I, 1I). For illustration purposes, the ostracod species have been

number-coded (1-41) (“species code”, first column Table 2.1).

Paradoxostomatidae
Xestoleberididae
Bairdiidae 3
Myodocopa 4
Loxoconchidae 4
Hemicytheridae 3
Platycopida 2
Pontocyprididae 2
Cytheruridae 2
Leptocytheridae 1
Thaerocytheridae 1
Paracyprididae 1
0 3 . 5 s : 6
Number of species
Figure 2. 1: Number of shallow marine ostracod species per family/subclass found in the

shallow marine environments of Fiji. Further details of the species are provided in Table 2.1
and Plates VIH-XXI.
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Table 2. 1: Ostracod species codes, species counts and totals across the 10 sites sampled (Fig. 1.2, Table 1.3). The species codes are used to illustrate species
abundance distributions. Further information on the species is provided in Plates VI1I-XXI.

Total
Species S1 S2 S2 S3 S3 S4 S4 S5 S6 S7 S8 S9 S10 | species
Code Species 2015 | 2015 | 2016 | 2015 | 2016 | 2015 | 2016 | 2015 | 2016 | 2016 | 2015 | 2015 | 2015 | counts
1 Paracypria fijiensis 128 - - - - 28 102 - 1 - - - 228 487
2 Xestoleberis becca 103 - 24 - 33 71 197 14 1 26 - 21 - 490
3 Xestoleberis concava - - - - - - 262 - - 45 - 38 617 962
4 Xestoleberis gracilariaii | 85 - - - - - 62 - - - - - - 147
5 Xestoleberis marcula - 140 23 13 - - - - - - - - - 176
6 Xestoleberis natuvuensis - - - - - - - - - - 124 - - 124
7 Xestoleberis penna - - - - - - - 32 - - - - - 32
8 Xestoleberis petrosa - 136 11 - - - - - - - - - - 147
9 Bairdoppilata sp. - 52 3 - 5 - - 16 - - - - - 76
10 Paranesidea sp. 1 - - - 76 - - - - - - - - - 76
11 Paranesidea sp. 2 34 - - - - - - - - - - - - 34
12 Paranesidea sp. 3 - - - - - - 31 80 - - - - - 111
13 Neonesidea sp. 1 - - - - 15 - 14 11 - 9 - - - 49
14 Neonesidea sp. 2 - - - - 21 - 23 42 - - - - - 86
15 Bairdioidea sp. - - - - 10 | 189 | 100 | 350 - 2 9 - 18 678
16 Paradoxstomatidae sp. 1 - 11 5 - - - - - - 1 - - - 17
17 Paradoxstomatidae sp. 2 - 56 3 - - - - - - - - - - 59
18 Paradoxstomatidae sp. 3 - 151 22 152 6 - 14 - 7 21 - - - 373
19 Paradoxstomatidae sp. 4 | 71 - - - - - 7 - - 1 - 7 - 86
20 Paradoxstomatidae sp. 5 28 - 7 - - - 13 - 17 157 - 7 - 229
21 Paradoxstomatidae sp. 6 - - - - - - - - - - - 47 - 47
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Total
Species S1 S2 S2 S3 S3 S4 S4 S5 S6 S7 S8 S9 S10 | species
Code Species 2015 | 2015 | 2016 | 2015 | 2016 | 2015 | 2016 | 2015 | 2016 | 2016 | 2015 | 2015 | 2015 | counts
22 Paradoxstomatidae sp. 7 - - - - - - - - - - - - 30 30
23 Loxoconchidae sp. 1 - 78 10 11 - - - - - - - - - 99
24 Loxoconchidae sp. 2 512 - - - 70 72 182 110 - 24 - 247 - 1217
25 Loxoconchidae sp. 3 - - - - - - 22 11 2 5 519 - 740 1299
26 Cytheruridae sp. 1 46 11 1 29 2 - - - - - - - 13 102
27 Cytheruridae sp. 2 15 24 3 2 15 1 14 7 - 2 41 3 - 127
28 Platycopida sp. 1 6 19 - 1 - 2 1 - - - - - - 29
29 Platycopida sp. 2 6 11 3 15 14 - 7 - - - - - 56
30 Thaerocytheridae sp. - 4 4 - - - - - - - - - - 8
31 Loxoconchidae sp. 4 - - 11 4 19 1 10 - - 1 - - - 46
32 Hemicytheridae sp. 1 4 - 1 3 1 4 10 51 2 4 5 - 15 100
33 Leptocytheridae sp. 21 - 1 - 8 - 4 - 14 7 19 - - 74
34 Hemicytheridae sp. 2 - - - - - - 8 - 3 3 23 9 - 46
35 Hemicytheridae sp. 3 - - - - - - - - - - - 28 - 28
36 Pontocyprididae sp. 1 - - - - - 18 17 - - - - - - 35
37 Pontocyprididae sp. 2 - - - - - - - - 50 - - - - 50
38 Myodocopa sp. 1 - 24 1 64 8 4 2 1 - - 3 - - 107
39 Myodocopa sp. 2 - 1 - - - - - - - - - - - 1
40 Myodocopa sp. 3 40 - 5 13 21 51 28 48 - 1 1 32 - 240
41 Myodocopa sp. 4 - - - - - - - 10 - - - - - 10
Total species counts 1099 | 718 | 138 | 383 | 248 441 | 1130 | 783 97 309 | 744 | 439 | 1661 | 8190
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Site S2 (NW Tavewa lIsland, Fig. 1.7, Table 1.5) was used as a control site due
to its location in a pristine environment. This site is situated away from human
populations, in an “up-current” location with respect to the southeast to northwest
current patterns within Fiji waters set up by the dominant south to southeast trade
winds. In addition, S2 is situated on the windward site of Tavewa Island, an area that

is well flushed and influenced by high-energy wave conditions (Fig. 1.7).

Data analyses for this section was carried out using the software PAST

(PAlaeontological STatistics, version 1.89) (Hammer & Ryan 2009).

2.2.1 Ecological Indices

PAST was used to calculate the ecological indices for each study site. These
include Shannon indices, Buzas and Gibson’s evenness and species richness (data
matrix used — Appendix Il). The species abundance distribution (SAD) patterns at

each study site have been expressed using Whittaker plots.

2.2.2 Study Site Comparisons

The study sites (Fig. 1.7, Table 1.3) were compared based on ostracod species
occurrences at each site using cluster analysis in PAST. The options used to carry out

the cluster analysis were: classical clustering, Ward’s method (algorithm), Euclidean
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distance (similarity index) and the data were bootstrapped 100 times (data matrix used

— Appendix 1).

In order to examine the influence of environmental settings on ostracod
species occurrences, the study sites were classified into two categories open coasts
and sheltered coasts (Fig. 2.2, Table 2.2). Open coast environments were defined as
straight-line shores exposed to open ocean wave and surge conditions. These were
characterized by coarse sand to rubble dominated beaches, exposed beach rocks,
rocky headlands and high wave conditions. Sheltered coast environments on the other
hand, were identified as shores shielded from direct open ocean wave impact by a
barrier (for example embayed coasts within a bay area, pocket beaches, shorelines
sheltered by surrounding landforms/islands). These were characterized by muddy to
fine sand and gently sloping beaches with calm waves. Multi-dimensional scaling
(MDS) and similarity matrix were employed to examine patterns in ostracod species

occurrences across the 10 study sites.

2.2.3 Ostracod Species and Habitat Patterns

Principal component analysis (PCA) was carried out to determine patterns
among ostracod species and habitats. The algae habitats were identified with
reference to Skelton & South (2014) and written confirmation (P.A. Skelton & G.R.

South, 2015, pers. comm.).
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Figure 2. 2: Categorization of study sites (Fig. 1.7, Table 1.5) as open and sheltered coast
environments. Further details are provided in Table 2.2.

Table 2. 2: Open and sheltered coast environment classifications of the 10 study sites (Fig.
2.2,1.7, Table 1.5).

Open coast (S2) Northwest Tavewa Island, Yasawa Islands
environments (S3) Northeast Tavewa Island, Yasawa Islands
(S5) Korotogo, Coral Coast, Viti Levu

(S7) Nabouwalu, Bua, Vanua Levu

Sheltered coast (S1) Korovou, Naviti Island, Yasawa Islands
environments (S4) Southeast Tavewa Island, Yasawa Islands
(S6) Nakorokula, Rakiraki, Viti Levu

(S8) Natuvu, Savusavu, Vanua Levu

(S9) Viani, Natewa, Vanua Levu

(S10) Naselesele, Taveuni Island
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Ostracod habitats were classified into eight categories, six algae categories,
coral rubble and sediments (Table 2. 2). Details of algae habitats are provided in
Table 1.5 and Plates V-VII. Habitat distribution across the 10 study sites was not
uniform; all habitats were not collected from all sites. A summary of habitat
occurrences as per the habitat categories outlined in Table 2.3, across the 10 study

sites is provided in Table 2.3.

The following criteria were used to carry out PCA using PAST. The ostracod
species-habitat data were normalized (Appendix I11) and correlation between groups
was used to run the PCA analysis. Seven components were computed by the PCA.
The two components with the highest Eigenvalues (and maximum variances) were
used to construct the PCA plot. The relative abundances of ostracod species as per its
respective habitat (by categories (Table 2.3) were calculated and expressed as column

graphs.

Table 2. 3: Habitat categories with its respective codes and descriptions. For more details on
algae species and illustrations refer to Table 1.5 and Plates V-VII.

Habitats Categories/Codes Description

Cynobacteria (prokaryotic photosynthetic
Blue-green algae BGA bacteria).

Includes various types of green

filamentuous algae - free floating,
Green filamentous algae GFA clumped and encrusting.

Green calcareous algae of the genus
Calcareous algae CA Halimeda.

Short, bushy algae with compact and
Short dense algae SDA branches.

Short coarsely branched and sparsely
Short sparse algae SSA dispersed algae.

Branching algae that are upright in the
Tall algae TA water column eg. Sargassum.

Coral rubble with microscopic algae
Coral Rubble CR growing on its surface.
Sediments SED Sediments collected from tide pools.
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Table 2. 4: Habitat (by categories (Table 2.2)) occurrences across the 10 study sites.

Algae categories Habitat S1 | S2|S3|S4|S5| S6 | S7 |S8|S9|S10
Codes

Blue-green algae BGA v | v v | v v

Green filamentous algae | GFA v v Vi v | Y|V v

Short sparse algae SSA VA Y A RV A Y A A e v | V|V

Short dense algae SDA v | v v |V | Y v v

Calcareous algae CA A VAN VAN RV AN IRV AN R A Y A R A RV A R 4

Tall algae TA v v v | v v | V|V

Coral Rubble CR v v

Sediments SED vV | VIV | VYV | V|V v | V| V|V
2.3 Results

The results are laid out in two sections: (i) ostracod species distribution
patterns across study sites and (ii) ostracod species and habitat patterns. Findings of
the first section (2.3.1) are expressed as follows. Ecological indices are illustrated
with scatter plots and a table. Ostracod species abundance distributions (SAD) at each
study site are shown using Whittaker plots. To illustrate the findings of the cluster
analysis a dendrogram is used. A similarity matrix is used to indicate the common
ostracod species across study sites. A multi-dimensional scaling (MDS) plot is used to
illustrate ostracod species distribution patterns across study sites. The second section
(2.3.2) presents the results of ostracod species and habitat patterns. A principal
component analysis (PCA) plot is used to demonstrate patterns associated with
ostracod species and its habitats. Relative abundances of ostracod species with respect

to habitat categories (Table 2.3) are illustrated as column graphs.
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2.3.1 Ostracod Species Distribution Patterns across Sites

Ecological Indices

Three ecological indices were analyzed for each study site: Shannon diversity,
Buzas and Gibson’s evenness and species richness (Fig. 2.3, Table 2.5). Shannon
diversity (Fig. 2.3A, Table 2.5) and species richness (Fig. 2.3D) for S3 and S4 are
similar to the control site S2. The only exception is S4-2016, which has higher species
richness than S2. Shannon diversity and species richness for S1 and S5-S10 are lower
than the control site S2. For sites S2, S3 and S4, Shannon diversity and species

richness readings are higher for 2016 than 2015.

Except for S3-2016, the Buzas and Gibson’s evenness (Fig. 2.3 C, Table 2.5)
for all sites are lower than the control site S2. For sites S2 and S3 Buzas and Gibson’s

evenness are higher in 2016 than 2015 (S4 readings are similar for 2015 and 2016).

Ostracod species abundance distributions (SAD)

Ostracod species abundance distributions (SAD) are illustrated for all sites

(S1-S10) using Whittaker plots (Figs. 2.4, 2.5, 2.6). The ostracod SAD plots for the

control site S2 (Fig. 1.7, Table 1.5) in both 2015 and 2016 indicate that majority of

the ostracod species are evenly distributed (Fig. 2.4A, B).
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Figure 2. 3 Ecological indices for shallow marine ostracods for sites S1-S10 (Fig. 1.7, Table 1.5). A. Shannon diversity indices, B. Buzas & Gibson’s
evenness, C. Species richness. The horizontal axes indicate the site and year of sample collection. The ecological indices illustrated by the above graphs are
also provided in Table 2.5.

48



Table 2. 5: Ecological indices for shallow marine ostracods for sites S1-S10 (Fig. 2.3, 1.7,
Table 1.5).

Study Species Shannon | Buzas & Gibson’s
Site richness Index Evenness
S1 2015 14 1.86 0.46
S2 2015 14 2.14 0.61
S2 2016 18 2.45 0.64
S3 2015 12 1.76 0.48
S3 2016 15 2.32 0.68
S4 2015 11 1.64 0.47
S4 2016 23 2.37 0.46
S5 2015 10 1.88 0.46
S6 2016 9 1.47 0.48
S7 2016 16 1.71 0.34
S8 2015 9 1.02 0.31
S9 2015 10 1.53 0.46
S10 2015 7 1.2 0.47

In 2015 nine of 14 ostracod species at S2 are evenly distributed. In 2016 14 of
18 species are evenly distributed. Species that are prominent at S2 in both 2015 and
2016 include Paradoxostomatidae sp. 3 (18), Xestoleberis marcula Chand & Kamiya
2016b (5), Loxoconchidae sp.1 (23), and Xestoleberis petrosa Chand & Kamiya
2016b (8), Bairdoppilata sp. (9) and Paradoxostomatidae sp. 2 (17) show higher
abundances for 2015 than 2016. Xestoleberis becca Chand & Kamiya 2016b (2),
Cytheridae sp. 2 (31), Paradoxostomatidae sp. 5 (20), Paradoxostomatidae sp. 1 (16),
Myodocopa sp. 3 (40) and Cytheridae sp. 1 (30) have high abundances in 2016 but are

absent in 2015.

Although the species richness at S3 (Fig. 1.7, Table 1.5) is higher in 2016 than
2015, majority of the species are evenly distributed in both years (Fig. 2.4C, D, 2.3,

Table 2.5). Limnocytheridae sp. 2 (29) is prominent in both 2015 and 2016.
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Abundances of Paradoxostomatidae sp. 3 (18), Myodocopa sp. 1 (38) and
Hemicytheridae sp. (26) are high in 2015 but low in 2016. Myodocopa sp. 3 (40),
Cytheropteron sp. (27) and Cytheridae sp. 2 (31) have high abundances in 2016 but
low abundances in 2015. Paranesidea sp. 1 (10), Xestoleberis marcula (5) and
Loxoconchidae sp. 1 (23) are prominent in 2015 but absent in 2016. Loxoconchidae
sp. 2 (24), Xestoleberis becca (2), Neonesidea sp. 2 (14), Neonesidea sp. 1 (13),
Bairdioidea sp. (15) and Cytheridae sp. 4 (33) are prominent in 2016 but absent in

2015.

Ostracod species at S4 (Fig. 1.7, table 1.5) have an uneven distribution (Fig.
2.4E, F). Species richness is higher in 2016 than 2015 (Figs. 2.4 E, F, 2.3, Table 2.5).
In both years, 2015 and 2016 the prominent species at S4 included Bairdioidea sp.
(15), Loxoconchidae sp. 2 (24), Xestoleberis becca (2), Myodocopa sp. 3 (40),
Paracypria fijiensis Chand & Kamiya 2016a (1), and Pontocyprididae sp. 1 (36).
However, Myodocopa sp. 3 (40) and Pontocyprididae sp. 1 (36) had higher
abundances in 2015 than 2016. Although there are numerous new species at S4 in

2016 than 2015, their abundances are very low.

Ostracod species abundance distribution (SAD) is uneven in S1, S5 and S6
(Figs. 2.5A-B, 1.7, Table 1.5). Prominent species at S1 include Loxoconchidae sp. 2
(24), Paracypria fijiensis (1), Xestoleberis becca (2), Xestoleberis gracilariaii Chand
& Kamiya 2016b (4) and Paradoxostomatidae sp. 4 (19) (Fig. 2.5A). Species with
high abundances at S5 include Bairdioidea sp. (15), Loxoconchidae sp. 2 (24),
Paranesidea sp. 3 (12), Cytheridae sp. 3 (32), Myodocopa sp. 3 (40), Neonesidea sp.

2 (14) and Xestoleberis penna Chand & Kamiya 2016b (7) (Fig. 2.5B).
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Pontocyprididae sp. 2 (37), Paradoxostomatidae sp. 5 (20), Cytheridae sp. 4 (33), and

Paradoxostomatidae sp. 3 (18) have high abundances at S6 (Fig. 2.5C).
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Figure 2. 5: Species abundance distributions
(SAD) expressed using Whittaker plots for:
oo A. Korovou, Naviti Island (S1) 2015, B.
Korotogo, Coral Coast, Viti Levu (S5) 2015
and C. Nakorokula, Rakiraki, Viti Levu (S6)
I I l 2016. Species code (x-axes) details are
3 18 1w s m2 1 2 provided in Table 2.1

Ostracod species

Log of percentage relatvie abundance

1.00
37 20

Ostracod species abundance distributions (SAD) at S7, S8, S9 and S10 are
uneven and dominated by a few species (Figs. 2.6A-D, 1.7, Table 1.5). Five of 16
species at S7 have high abundances: Paradoxostomatidae sp. 5 (20), Xestoleberis
concava Chand & Kamiya 2016b (3), Xestoleberis becca (2), Loxoconchidae sp. 2
(24) and Paradoxostomatidae sp. 3 (18) (Fig. 2.6A). Three of nine species at S8 have
high abundances: Loxoconchidae sp. 3 (25), Xestoleberis natuvuensis Chand &
Kamiya 2016b (6) and Cytheropteron sp. (27) (Fig. 2.6B). Loxoconchidae sp. 2 (24)

is the most abundant species at S9 (Fig. 2.6C). Paradoxostomatidae sp. 6 (21),
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Xestoleberis concava (3), Myodocopa sp. 3 (40), Cytheridae sp. 6 (35) and
Xestoleberis becca (2) are equally abundant. Three of seven species at S10 are
abundant: Loxoconchidae sp. 3 (25), Xestoleberis concava (3) and Paracypria

fijiensis (1) (Fig. 2.6D).

Study Sites Comparisons

The cluster analysis based on shallow marine ostracod species occurrences
grouped the 10 study sites into two major clusters A and B (Fig. 2.7). Cluster A
consists of the control site S2 and S3-2015. The remaining sites are grouped into
Cluster B. Cluster B is further grouped into two sub-clusters B1, which consists of S1,
S9, S4-2016 and S7 and B2, which consists of S3-2016, S4-2015, S5, S6, S8, S10.
With the exception of S4-2016 and S7, all sites with similar environments (open and

sheltered coasts) are grouped together.

The similarity matrix illustrates the number of similar ostracod species
between sites. The topmost value of each row is the total number of species present at
that site. The remaining values indicate the number of species that are common
between the two sites indicated at the row and column headers. For example, 4

species occurs in both S2_2015 and S1_2015.
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Table 2. 6: Similarity matrix of ostracod species across sites. Summary provided at top right of matrix — Max. maximum number of ostracod species per site,
Min. minimum number of ostracod species per site, N. sample size, p. sample mean, Range. range of the number of similar ostracod species among sites,
mode. most common number of ostracod species that is similar among sites.

S1 20015 852 20015 82 2016 83 2015 83 2016 5S4 2015 84 2016 85 2015 S6 2016 S7 2016 S8 2015 89 2015 S10 2015
51 2015 14
52 2015 4 14 Max. spp./site =23
$2 2016 8 12 18 Min. spp./site =7
S3 2015 6 8 10 12 :f;;_ﬁ:,?
53 2016 8 6 11 8 15 Median = 5
54 2015 7 3 6 6 8 11 Range = 1-15
84 2016 12 5 1] 8 13 11 23 Mode =3
85 2015 3 3 6 4 10 7 11 14
S6 2016 5 1 5 2 4 3 8 3 9
87 2016 8 3 0 5 10 7 15 8 7 6
S8 2015 4 2 5 4 6 5 8 6 4 7 9
59 2015 & l 4 2 4 4 8 4 3 8 10
S10 2015 3 l 2 2 3 3 3 3 3 4 l 7

The maximum number of species recorded from a site is 23 and the minimum number is 7. The lowest number of species that are

common between two sites is 1 and the highest is 15. Most of the sites have 3 common species between them.
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The multi-dimensional scaling (MDS) plot represents the 41 ostracod species
listed in Table 2.1 across the 10 study sites (Fig. 1.7). The distribution of points on the
MDS plot illustrates two prominent patterns (Fig. 2.8). Firstly, a set of points that are
clustered together on the bottom left of the plot and secondly, points that are spread

out — on the bottom, right and top of the plot.

2.3.2 Habitat and Ostracod Species Patterns

Overall, ostracod species distribution does not appear to be consistent with the
type of habitat. The presence of similar habitat types in many sites does not indicate
presence of similar species among these sites. Ostracod species counts as per its
habitat and relative sites are represented in tables 2.7 — 2.9. Higher numbers of
ostracod species are supported by algae habitats (BGA, CA, GA, SDA, SSA, TA)
(Tables 2.7, 2.8) than coral rubble (CR) and sediment (SED) habitats (Fig. 2.9).
However, CR, almost exclusively, supports high counts of Bairdiidae species. Among
the algae habitats, BGA, CA and SDA support higher counts and richness of species

than SSA, TA and GFA (Tables 2.7, 2.8).
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right indicates Ostracoda families the species belong to.
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Table 2. 7: Species counts as per habitat and site. BGA — blue-green algae, CA — calcareous algae, GFA — green filamentous algae.

Species BGA CA GFA
Code Ostracod species Sl S2 S4 S5 S6 S10| S1 S2 S3 S4 S5 S7 S8 S9 S10|S1 S3 S4 S5 S6 S7 S8 S10 | Total
1 Paracypria fijiensis 40 - 3% - 1 13 - - - - - - - - 3 - 51 - - - - 202 | 345
2 Xestoleberis becca - - 61 - - - 35 8 20 118 10 8 - - - - - 1 - - - - 268
3 Xestoleberis concava - - 143 - - 9 - - - - - 15 - 384 | - - - - - - - 31 | 582
4 Xestoleberis gracilariaii - - - - - - - - - 38 - - - - - - 24 - - - - - 62
S Xestoleberis marcula - 62 - - - - - 51 - - - - - - - - - - - - - - 113
6 Xestoleberis natuvuensis - - - - - - - - - - - - 49 - - - - - - 27 - 76
7 Xestoleberis penna - - - - - - - - - - - - - - - - - - - - - - R
8 Xestoleberis petrosa - 62 - - - - - 22 - - - - - - - - - - - - - - 84
9 Bairdoppilata sp. - 7 - - - - - 45 - - 6 - - - - - - 6 - - - - 67
10 Paranesidea sp. 1 - - - - - - - - 67 - - - - - - - - ; ; - - - 67
11 Paranesidea sp. 2 - - - - - - 31 - - - - - - - - - - - - - - - 31
12 Paranesidea sp. 3 - - 25 4 - - - - - - 25 - - - - - - 21 - - - - 75
13 Neonesidea sp. 1 - - - - - - - - 14 6 4 - - - - - - 2 - - - - 26
14 Neonesidea sp. 2 - - 1 - - - - - 12 5 12 - - - - - - 17 - - - - 62
15 Bairdioidea sp. - - 46 - - - - - - 208 25 2 - 13 | - - - 9 - - 9 - 312
16 Paradoxstomatidae sp. 1 - 11 - - - - - 2 - - - - - - - - - - - - - - 13
17 Paradoxstomatidae sp. 2 - 26 - - - - - 33 - - - - - - - - - - - - - - 59
18 Paradoxstomatidae sp. 3 - - 5 -1 - - 61 6 - - - - - - - - - - 13 - - 86
19 Paradoxstomatidae sp. 4 5 - - - - - - - - - - - - - 1 - 2 - - - - - 8
20 Paradoxstomatidae sp. 5 - - - - - - - - - - - 45 - - - - -3 32 - - 80
21 Paradoxstomatidae sp. 6 - - - - - - - - - - - - - - - - - - - - - - 3
22 Paradoxstomatidae sp. 7 - - - - - - - - - - - - - - - - - - - - - 30| 30
23 Loxoconchidae sp. 1 - 5 - - - - - 47 - - - - - - - - - - - - - - 52
24 Loxoconchidae sp. 2 6 - 4 - - - 96 - 19 3- - 7 - - 3 - - 2 - - - - 174




Species BGA CA GFA
Code Ostracod species S1 S2 S3 S4 S5 S6 S10 | S1 S2 S3  S4 S5 S7 S8 S9 S10|S1 S3 S4 S5 S6 S7 S8  S10 | Total
25 Loxoconchidae sp. 3 - - - - - - 66 - - - - -2 11 - 78 | - - 22 1 - - 49 351 | 580
26 Hemicytheridae sp. - - - - - - - - - - - - - - - - 5 3 - - - - - - 8
27 Cytheropteron sp. 4 3 2 1 - - - 8 21 12 6 - 2 5 - - - - - - - - 12 - 76
28 Limnocytheridae sp. 1 - - - - - - - 6 16 - - S - - - - - - - - - 22
29 Limnocytheridae sp. 2 - - 1 2 - - - 6 - 20 5 - - - - - - - - - - - - - 34
30 Cytheridae sp. 1 - 1 - - - - - - 6 - - - - - - - - - - - - - - - 7
31 Cytheridae sp. 2 - - 2 7 - - - - - 8 - - - - - - - - - - - - - - 17
32 Cytheridae sp. 3 - - - - 6 - - 4 1 4 9 - 2 3 - - - - -1 o2 - - - 42
33 Cytheridae sp. 4 10 - 5 1 - - - - - - - - 4 - - - - - - - 12 - - - 32
34 Cytheridae sp. 5 - - - - - - - - - - 4 -2 - 4 - - - 4 - 3 - 13 - 30
35 Cytheridae sp. 6 - - - - - - - - - - - - - -2 - - - - - - - - - 2
36 Pontocyprididae sp. 1 - - - 5 - - - - - - 20 - - - - - - - 3 - - - - - 28
37 Pontocyprididae sp. 2 - - - - - 16 - - - - - - - - - - - - - - 21 - - - 37
38 Myodocopa sp. 1 - 2 1 - - - - - 14 66 2 - - - - - - - - - - - 3 - 88
39 Myodocopa sp. 2 - - - - - - - - 1 - - - - - - - - - - - - - - - 1
40 Myodocopa sp. 3 3 - 14 8 23 - - 28 - 11 47 - 1 1 271 - - - - 8 - - - - 171
41 Myodocopa sp. 4 - - - - - - - - - - - 10 - - - - - - - - - - - - 10
Total 68 179 42 354 33 18 88214 328 259 498 92 90 69 41 47512 3 1-6 78 41 45 113 614 | 3860
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Table 2. 8: Ostracod species counts as per habitats and site. SDA — short dense algae, SSA — short sparse algae, TA — tall algae.

Species SDA SSA TA

Code Ostracod species S1 S2 S4 S5 S6 S7 S10|1S1 S22 S3 S4 S5 S6 S7 S8 S9 | S1 S3 S3 S5 S7 S8 S9 | Total
1 Paracypria fijiensis 85 - 30 - - - 5 - - - - - - - - - - - - - - - - 120
2 Xestoleberis becca 66 - 70 - - 8 - - 16 1 9 2 1 7 - - 2 - 10 1 3 - 16 | 222
3 Xestoleberis concava - - 112 - - 9 193 | - - - - - - 4 - - - - - - 17 - - 335
4 Xestoleberis gracilariaii 80 - - - - - - 5 - - - - - - - - - - - - - - - 85
5 Xestoleberis marcula - 8 - - - - - - 42 8 - - - - - - - 5 - - - - - 63
6 Xestoleberis natuvuensis - - - - - - - - - - - - - - 47 - - - - - - 1 - 48
7 Xestoleberis penna - - - 25 - - - - - - - - - - - - - - - - - - - 25
8 Xestoleberis petrosa - 25 - - - - - - 38 - - - - - - - - - - - - - - 63
9 Bairdoppilata sp. - - - 4 - - - - 3 - - - - - - - - - 2 - - - - 9
10 Paranesidea sp. 1 - - - - - - - - - - - - - - - - - 9 - - - - - 9
11 Paranesidea sp. 2 3 - - - - - - - - - - - - - - - - - - - - - - 3
12 Paranesidea sp. 3 - - 5 28 - - - - - - - - - - - - - - - - - - - 33
13 Neonesidea sp. 1 - - 8 5 - - - - - - - - - - - - - - 1 - 6 - - 20
14 Neonesidea sp. 2 - - 3 13 - - - - - - 4 - - - - - - - 4 - - - - 24
15 Bairdioidea sp. - - 27 116 - - 5 - - - - - - - - - - - 10 - - - - 158
16 Paradoxstomatidae sp. 1 - - - - - 1 - - 3 - - - - - - - - - - - - - - 4
17 Paradoxstomatidae sp. 2 - - - - - - - - - - - - - - - - - - - - - - - -
18 Paradoxstomatidae sp. 3 - 30 4 - - - - - 82 56 5 - 6 - - - - 96 - - 8 - - 287
19 Paradoxstomatidae sp. 4 8 - 1 - - - - 25 - - 4 - - - - - 32 - - - 1 - 78
20 Paradoxstomatidae sp. 5 28 - 2 - 14 9 - - 7 - 11 - - 55 - - - - - - 16 - 149
21 Paradoxstomatidae sp. 6 - - - - - - - - - - - - - - - 2 - - - - - - 42 44
22 Paradoxstomatidae sp. 7 - - - - - - - - - - - - - - - - - - - - - - - -
23 Loxoconchidae sp. 1 - 30 - - - - - - 6 - - - - - - - - 11 - - - - - 47
24 Loxoconchidae sp. 2 184 - 174 60 - 8 - 40 - 38 45 - - 9 - 12 | 183 - 6 20 - - 235 | 1014




Species SDA SSA TA
Code Ostracod species Sl S2 S4 S5 S6 S7 S10|S1 S2 S3  S4 S5 S6 S7 S8 S9 | S1  S3 S3 S5 S7 S8 S9 | Total
25 Loxoconchidae sp. 3 - - - 9 2 - 243 | - - - - - - 3 455 - - - - - - - - 712
26 Hemicytheridae sp. 18 - - - - - - 22 12 13 - - - - - - 1 14 1 - - - - 81
27 Cytheropteron sp. 3 2 2 - - - - - 1 1 6 - - - - - - - 2 4 - - - 21
28 Limnocytheridae sp. 1 - 3 - - - - - - - 1 1 - - - - - - - - - - - - 5
29 Limnocytheridae sp. 2 - 11 - - - - - - 3 1 - - - - - - - 5 1 - - - - 21
30 Cytheridae sp. 1 - - - - - - - - 1 - - - - - - - - - - - - - - 1
31 Cytheridae sp. 2 - - 1 - - 1 - - 11 1 3 - - - - - - 4 8 - - - - 29
32 Cytheridae sp. 3 - - - 11 - 1 15 - - - 5 - - - 2 - - - - - - - - 34
33 Cytheridae sp. 4 11 1 3 - 2 - - - - - - - - 3 11 - - - 3 - - - - 34
34 Cytheridae sp. 5 - - - - - - - - - - - - - 1 10 - - - - - - - - 11
35 Cytheridae sp. 6 - - - - - - - - - - - - - - - - - - - - - - 26 26
36 Pontocyprididae sp. 1 - - 7 - - - - - - - - - - - - - - - - - - - - 7
37 Pontocyprididae sp. 2 - - - - 13 - - - - - - - - - - - - - - - - - - 13
38 Myodocopa sp. 1 - 5 - - - - - - 4 1 - - - - - - - - 1 - - - - 11
39 Myodocopa sp. 2 - - - - - - - - - - - - - - - - - - - - - - - -
40 Myodocopa sp. 3 8 - 23 - - - - 1 5 1 1 1 - - - - - 6 2 16 - - 5 69
41 Myodocopa sp. 4 - - - - - - - - - - - - - - - - - - - - - - - -
Total 494 115 472 271 31 37 461 | 93 234 122 104 3 7 82 525 14 |218 150 51 41 51 1 338 | 3915
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Table 2. 9: Ostracod species counts by habitat and sites. CR — coral rubble, SED — sediments.

Species CR SED
Code Ostracod species S5 S7 | 82 S3 'S4 S5 S6  S7T S8 S9  S10 | Total
1 Paracypria fijiensis - - - - 14 - - - - - 8 22
2 Xestoleberis becca - - - - - - - - - - - .
3 Xestoleberis concava - - - - 7 - - - - 38 - a5
4 Xestoleberis gracilariaii - - - - - - - - - - - -
5 Xestoleberis marcula - - - - - - - - - - - -
6 Xestoleberis natuvuensis - - - - - - - - - - - .
7 Xestoleberis penna 7 - - - - - - - - - - 7
8 Xestoleberis petrosa - - - - - - - - - - - -
9 Bairdoppilata sp. - - - - - - - - - - - -
10 Paranesidea sp. 1 - - - - - - - - - - ; -
11 Paranesidea sp. 2 - - - - - - - - - - i, -
12 Paranesidea sp. 3 2 - - - 1 - - - - - - 3
13 Neonesidea sp. 1 - 3 - - - - - - - - - 3
14 Neonesidea sp. 2 - - - - - - - - - - - -
15 Bairdioidea sp. 200 - - - 8 - - - - - - 208
16 Paradoxstomatidae sp. 1 - - - - - - - - - - - -
17 Paradoxstomatidae sp. 2 - - - - - - - - - - - -
18 Paradoxstomatidae sp. 3 - - - - - - - - - - - -
19 Paradoxstomatidae sp. 4 - - - - - - - - - - - -
20 Paradoxstomatidae sp. 5 - - - - - - - - - - - .
21 Paradoxstomatidae sp. 6 - - - - - - - - - - - -
22 Paradoxstomatidae sp. 7 - - - - - - - - - - - .
23 Loxoconchidae sp. 1 - - - - - - - - - - ; -
24 Loxoconchidae sp. 2 28 - - - 1 - - - - - - 29
25 Loxoconchidae sp. 3 1 - - - - - - - 4 - 2 7
26 Hemicytheridae sp. - - - - - - - - - - 13 13
27 Cytheropteron sp. - - - - - 3 - - 24 3 - 30
28 Limnocytheridae sp. 1 - - - - 2 - - - - - -
29 Limnocytheridae sp. 2 - - - 1 - - - - - - -
30 Cytheridae sp. 1 - - - - - - - - - - - .
31 Cytheridae sp. 2 - - - - - - - - - - - -
32 Cytheridae sp. 3 23 1 - - - - - - - - - 24
33 Cytheridae sp. 4 - - - - - - - - 8 - -
34 Cytheridae sp. 5 - - - - - - - - - 5 -
35 Cytheridae sp. 6 - - - - - - - - - - - -
36 Pontocyprididae sp. 1 - - - - - - - - - - i, -
37 Pontocyprididae sp. 2 - - - - - - - - - - - -
38 Myodocopa sp. 1 - - - 3 4 1 - - - - - 8
39 Myodocopa sp. 2 - - - - - - - - - - - -
40 Myodocopa sp. 3 - - - - - - - - - - i, -
41 Myodocopa sp. 4 - - - - - - - - - - - -
Total 261 4 - 4 37 4 - - 36 46 23 415
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Principal Component Analysis (PCA)

The points on the PCA plot represent ostracod species distribution with
respect to its associated habitat category (Fig. 2.9, Table 2.2). Overall, the distribution
of the points on the PCA plot illustrate two patterns — points concentrated close to the
center of the axes and points that are spread out, away from the center. The cluster of
points close to the center represent nearly all the habitat categories. Although, the
points representing sediment (SED) habitat are close to the center of the axes and
overlapping with points representing other categories, they are restricted to the bottom
left and right quadrants of the PCA plot. Only two points represent coral rubble (CR)
habitat and they group together in the bottom left quadrant, isolated from other points.
Points associated with tall algae (TA) habitat overlap with points of at least four other
habitats (short sparse algae (SSA), calcareous algae (CA), short dense algae (SDA))
but are restricted to the top left quadrant. Although points associated with SSA habitat
occur in all quadrants, majority of the points of this habitat are concentrated on the
top left quadrant. Points associated with SDA are concentrated close to the center of
the axes and occur in all quadrants. Calcareous algae (CA) habitat associated points
occur in all quadrants close to the center of the axes, except for the top right quadrant.
The top right quadrant contains most of the CA associated points, most of which are
spread out, away from the center of the axes. Points associated with green filamentous
algae (GFA) habitat are divided into two sets. The first set of points close to the center
of the axes overlapping with numerous other points. The second set of points grouped
together, isolated from other points and away from the center of the axes in the
bottom right quadrant. Points associated with the blue-green algae (BGA) habitat are

restricted to the top and bottom right quadrants. Although most of the BGA associated
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points are close to the center and overlapping with other points, two points situated in
the top right quadrant are away from the center of the axes and isolated from other

points.

Figure 2.9.1 illustrates the loading points associated with the PCA analysis.
The first two components (of seven components) were used to construct the PCA plot
(PC1-PC2 Fig. 2.9.1H). The loading points of the seven components computed by
PCA are illustrated in figure 2.9.1A-G. The columns of the loading point graphs
(2.9.1A-G) are for ostracod species 1-41 outlined in Table 2.1 above. The
Eigenvalues and percentage variances associated with each of the seven components

are provided in Table H (Fig. 2.9.1).

Ostracod Species Relative Abundances as per Habitats

Relative abundance graphs are used to illustrate prominent shallow marine
ostracod species (Table 2.1) associated with the respective habitat categories (Figs.
2.10, 2.11, Table 2.2). Figure 2.10 illustrates relative abundances of shallow marine
ostracod species that inhabit blue-green algae (BGA) (Fig. 2.10A), calcareous algae
(CA) (Fig. 2.10B), green filamentous algae (GFA) (Fig. 2.10C) and short dense algae

(SDA) (Fig. 2.10D).
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Out of 23 species that inhabit BGA, only two have considerable abundances:
Xestoleberis concava (3) and Paracypria fijiensis (1) (Fig. 2.10A). Loxoconchidae sp.
3 (25), Xestoleberis becca (2), Xestoleberis marcula (5), Xestoleberis petrosa (8),
Myodocopa sp. 3 (40) and Bairdiodiea sp. (15) are moderately abundant with an even
distribution. Three of 26 species inhabiting CA are abundant: Xestoleberis concava
(3), Bairdioidea sp. (15) and Xestoleberis becca (2) (Fig. 2.10B). Loxoconchidae sp. 2
(24), Myodocopa sp. 3 (40), Loxoconchidae sp. 3 (25) and Myodocopa sp. 1 (38) are
moderately abundant. Only two of 25 species inhabiting GFA have high abundances:
Loxoconchidae sp. 3 (25) and Paracypria fijiensis (1). Three of 21 species inhabiting
SDA have high abundances: Loxoconchidae sp. 2 (24), Xestoleberis concava (3) and
Loxoconchidae sp. 3 (25) (Fig. 2.10D). Bairdioidea sp. (15), Xestoleberis becca (2)

and Paracypria fijiensis (1) have moderate abundances.

Figure 2.11 illustrates the relative abundances of shallow marine ostracod
species associated with short sparse algae (SSA) (Fig. 2.11A), tall algae (TA) (Fig.
2.11B), coral rubble (CR) (Fig. 2.11C) and sediments (SED) (Fig. 2.11D). Only one
of 17 species inhabiting SSA has high abundance: Loxoconchidae sp. 3 (25) (Fig.
2.11A). Paradoxostomatidae sp. 3 (18) and Loxoconchidae sp. 2 (24) have moderate
abundances. Only one of 18 species inhabiting TA has very high abundance:
Loxoconchidae sp. 2 (24) (Fig. 2.11B). Paradoxostomatidae sp. 3 (18) is moderately
abundant. Tall algae supports four of the seven Paradoxostomatidae species reported
herein: Paradoxostomatidae sp. 3 (18), Paradoxostomatidae sp. 6 (21),

Paradoxostomatidae sp. 4 (19) and Paradoxostomatidae sp. 5 (20).
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Coral rubble (CR) only harbored six species of which Bairdioidea sp. (15) was
highly abundant (Fig. 2.11C). Three of the six species from CR were Bairdioideans:
Bairdioidea sp. (15), Neonesidea sp. 1 (13) and Paranesidea sp. 3 (12). Out of the 13
species that occurred in sediments, two have high abundances: Xestoleberis concava
(3) and Cytheropteron sp. (27) (Fig. 2.11D). Paracypria fijiensis (1) and

Hemicytheridae sp. (26) are moderately abundant.

2.4 Discussion

Findings of this chapter are discussed under two major sub-headings. (i) Study
site comparison, which discusses ecological indices and ostracod species abundance
patterns across the 10 study sites (Fig, 1.7), study site comparisons according to
ostracod species occurrences and environment types and ostracod species distribution
patterns across study sites. (ii) Ostracod species and habitat patterns, which discusses

ostracod species and habitat associations within Fiji waters.

69



A 20% B
20%

18% |
18%
16% |
16%
14%
14%
8 1% - ]
2 5§ 12%
H 3
2 10% | H
] 2 10%
8% 13
3 8%
F
6% 1 6%
a% 4%
) I I I I I I ) I I I I I I I l I
AR R AR RN AR NN ARl Remnnn ,AARRRRANRRRRANRN .I.l.l.l.l.l,l‘l.l.l.l.
3 01 25 2 5 B 40 15 12 17 24 14 33 37 16 9 27 31 18 32 13 23 3% 3 15 2 24 40 25 38 10 18 27 5 9 6 23 20 4 17 11 29 14 12 13 32 B 28 36
Ostracod species Ostracod species
45%
D™~
0%

Relatvie Abundance
=
Q
*®

Relative Abundance

=
=3
*

20%
w0
s ;
15% |
1o 5%
s* I
. Illll Alnnnnna. LT ‘Il‘..ll-l-.-.-.-l‘-‘-‘--
2

- - 0%
5 1 20 3 2 6 4 12 37 34 15 14 18 32 27 33 26 40 9 24 19 36 38 13 2 3 35 15 2 1 4 20 18 12 40 25 32 7 8 26 3 14 1B 37

Ostracod species Ostracod species

Figure 2. 10: Relative abundances of ostracod species as per habitat categories (Table 2.3). A — Blue-green algae (BGA). B — Calcareous algae (CA). C -
Green filamentous algae (GFA). D — Short dense algae (SDA). Ostracod species codes (x-axis) are provided in Table 2.1.

70



55%
A - B

35% 45% -
30%
35%
g 5% 8
i H
2 E
< 20% 2
P o 25%
g @
2 15% £
°
«
10% 15%
5%
1111 =
0%
2% 18 24 20 S 6 26 2 8 19 31 33 34 a0 27 32 2B t r T T T l....--------
Ostracod species 24 18 21 19 2 40 35 20 3 26 31 23 15 10 13 27 29 5
-5% -
Ostracod species
c~
D~
70% -
30%
60% -
§ 25%
50% -
i :
£
2 B 20%
q 40% F
% <
s ] ilsx 1
K] 30% ki
3
=
20% | 10% -
N . N I I l I
0% + : . . - | — — o% 4 . R ; : ; : l,l----
15 24 32 7 13 12 3 27 1 26 15 33 38 25 34 28 12 24 29
Ostracod species Ostracod species

Figure 2. 11: Relative abundances of ostracod species as per habitat categories (Table 2.3). A — Short sparse algae (SSA). B — Tall algae (TA). C- Coral
rubble (CR). D —Sediments (SED). Ostracod species codes (x-axis) are provided in Table 2.1.
71



2.4.1 Study Site Comparison

Ostraocod Species Diversity, Richness, Evenness and Abundances across Sites

Shallow marine ostracod species diversity, richness, evenness and abundances
within Fiji waters range from high and even distribution to low, uneven distribution
with a few dominant species (Figs. 2.3, 2.4, Table 2.5). Ostracod species diversity
(Shannon diversity), richness and evenness (Buzas and Gibson’s evenness) of S3 are
similar to that of the control site S2. High species diversity, richness, abundance and
evenness are characteristics of pristine environment conditions (Ruiz et al. 2005).
Both sites S2 and S3 are situated in pristine locations, away from human population
where the impact of anthropogenic activities are minimized. In addition, S2 and S3
are situated in a well-flushed coastal environment influenced by high-energy wave
conditions (Fig. 1.7). Therefore, the high species diversity, richness and even
distribution of species in S2 and S3 may be attributed to its location away from

influences by human activities.

Although the species diversity and richness of S4 is similar to that of the
control sites S2 (and species richness of S4-2016 is higher than S2) (Fig. 2.3A, C), the
species evenness for S4 is lower than that of S2. Locations impacted by
anthropogenic activities are often characterized by a few dominant species and
uneven species distribution (Zarikian et al. 2000; Pascual et al. 2002; Ruiz et al.
2005; Yasuhara & Yamazaki 2005; Aiello et al. 2006). Since S4 is situated in a

locality that is surrounded by tourist resorts, it may be impacted by wastewater
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discharges from these resorts (Table 2.7). Hence, the evenness of ostracod species

distribution at S4 is low (Figs. 2.3, 2.4).

The species diversity, richness and evenness at the control site S2 are higher
than sites S1, S5-S10 (Figs. 2.3, 2.4, 2.5, 2.6, Table 2.5). Numerous studies have
reported anthropogenic activity to be the cause of low ostracod species diversity,
evenness and sometimes absence of ostracod species (Zarikian et al. 2000; Pascual et
al. 2002; Ruiz et al. 2005; Yasuhara & Yamazaki 2005; Aiello et al. 2006). Similar to
S4, S1, S5-S10 are situated in the vicinity of developed areas with human populations
(Table 2.7). Hence, the low species diversity, richness and evenness in these sites may
be as a result of human activity. In addition, since S1, S4-S10 are sheltered coastal
environments with calm wave actions, these areas would have limited circulations to

wash off any pollutants/wastewater that enters the water system.

Table 2. 10: Human developments in the vicinity of study sites and study site environment
types. For site details refer to Fig. 1.7 and Table 1.5.

Study Types of human developments in the vicinity Type of

Sites Environment
S1 Situated in front of a tourist resort Sheltered coast
S2 No human influence Open coast
S3 No human influence Open coast
S4 Surrounded by island resorts Sheltered coast
S5 Situated in front of a tourist resort Open coast
S6 Situated in front of a local village community Sheltered coast
S7 Situated in front of a small town Open coast
S8 Situated in front of a local village community Sheltered coast
S9 Situated in front of a local village community Sheltered coast
S10 Situated in front of a local village community Sheltered coast
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Species of the family Loxoconchidae are dominant (with high abundances) in
sites situated in the vicinity of developed areas (Table 2.11). Loxoconchidae sp. 2
(24) has high abundances in S1, S5 (Fig. 2.5A, B), S7, and S9 (Fig. 2.6A, C).
Loxoconchidae sp. 3 has high abundances in S8 and S10 (Fig. 2.6B, D). Zarikian et al.
(2000) reported species of the genus Loxoconcha (Loxoconcha matagordensis and
Loxoconcha moralesi) to be tolerant of low oxygen conditions. In addition, Bodergat
et al. (1998) reported Loxoconcha turbida to be tolerant of hypoxic conditions.
Therefore, the high abundance of Loxoconcha species from the above mentioned sites
could be an indication of environmental degradation. However, in order to explore the
full potential of Fijian Loxoconchidae species to be used as tools for environmental
studies more detailed investigations are required. Apart from Loxoconchidae species,
selected Xestoleberis and Paradoxostomatidae species are also common in sites that
may be influenced by anthropogenic activities. A list of species that dominant in sites

that are situated close to developed areas are provided in Table. 2.11.

Sites S2, S3 and S4 were sampled in both 2015 and 2016 (Figs. 1.7, 1.8, Table
1.5). For S2 and S3 the species diversity, richness, abundances and evenness were
higher in 2016 than 2015 (Figs. 2.3 A, C, 2.4A-D, Table 2.5). Although the species
diversity, richness and abundances were higher at S4 in 2016 than 2015, species
evenness was similar in both years (Figs. 2.3B, 2.4E—F, Table 2.5). The difference in
distribution patterns of ostracod species in 2015 and 2016 at S2, S3 and S4 may be
due to seasonal changes. Hull (1997) reported changes in abundance, diversity and
richness of eight ostracod species (Cythere lutea, Hirschmania viridis, Xestoleberis

aurantia, Semicytherura nigrescens, Heterocythereis albomaculata, Paradoxostoma
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hibernicum, Paradoxostoma ensiforme and Paradoxostoma variable) to be strongly

influenced by reproductive cycles and seasonal migrations. Hence, reproductive

cycles and seasonal migration may be a probable reason for the difference in diversity,

abundance and richness of the ostracod species at S2, S3 and S4 for the years 2015

and 2016.

Table 2. 11: Dominant ostracod species in sites that are influenced by anthropogenic
activities. For further details on the types of human developments that influence these sites
refer to Table 2. 10. Site details are provided in Fig. 1.7 and Table 1.5.

Sites Dominant ostracod species Sites Dominant ostracod species
S1 = Loxoconchidae sp. 2 S8 = Loxoconchidae sp. 3
= Paracypria fijiensis = Xestoleberis natuvuensis
= Xestoleberis becca
= Xestoleberis gracilariaii
= Paradoxostomatidae sp. 4
S5 = Bairdiidae spp. S9 = Loxoconchidae sp. 2
= Loxoconchidae sp. 2 » Paradoxostomatidae sp. 6
= Paranesidea sp. 3
S6 = Pontocyprididae sp. 2 S10 = Loxoconchidae sp. 3
= Paradoxostomatidae sp. 5 = Xestoleberis concava
= Leptocytheridae sp. = Paracypria fijiensis
S7 = Paradoxostomatidae sp. 5

= Xestoleberis concava

= Xestoleberis becca

= Loxoconchidae sp. 2

= Paradoxostomatidae sp. 3

Moreover, sampling in 2015 was carried out in the month of February while in

2016 it was carried out in the month of August. With respect to the Fijian tropical
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marine climate the month of February falls in the wet season and August in the dry
season. During the wet season the precipitation rate in Fiji is high. Increased rainfall
would increase land runoffs and cause high sedimentation rates. In addition, increased
rainfall would also cause frequent salinity changes in the intertidal areas, which, in
turn would create a stressful environment for intertidal marine organisms including
ostracods. Since precipitation rate is low during the dry season in Fiji, these scenarios
would be minimized in the month of August (2016). Therefore, the influence of dry
and wet seasons may be another possible cause for ostracod species to display higher
abundances, diversity and richness at S2, S3 and S4 in 2016 compared to 2015 (Figs.

2.3, 2.4).

Study Site and Ostracod Species Occurrence Comparisons

The cluster analysis based on ostracod species occurrences grouped the 10
study sites into three clusters A, B1 and B2 (Fig. 2.7). The control site S2 and S3-
2015 were grouped in cluster A, separately from all other sites. Except for S3-2016,
all sites grouped in clusters B1 and B2 are situated close to developments/human

populations (Table 2.7).

Although the physical distance separating S6 and S7 is less than other sites,
both these sites group in separate clusters — S6 in cluster B2 and S7 in cluster B1. A
probable reason for this dissimilarity may be the fast flowing Bligh water current (Fig.
1.7) acting as a barrier between these two sites. Another cause for the separate

grouping of S6 and S7 maybe the different environmental settings of S6 and S7 — S6
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is a sheltered coast environment while S7 is an open coast environment (Fig. 2.7,

Table 2.7).

Furthermore, except for the grouping of S4-2016 and S7, groupings of other
sites are consistent with their environmental settings. Sites with open coast settings
(S2-S3-2015, S3-2016-S5) and sites with sheltered coast settings (S1-S9, S4-2015—
S8, S6-S10) show consistent groupings (Fig. 2.7). Environment conditions/types have
been reported to influence ostracod distributions. Freiwald & Mostafawi (1998)
reported that environments influenced by calm and rough wave conditions harbor
different ostracod species. Ostracods with fragile valves have been reported to be
absent from high wave energy environments (Freiwald & Mostafawi 1998; Aiello et
al. 2006). The present study defines open coast environments to be characterized by
high-energy wave conditions, and sheltered coast to be characterized by calm wave
conditions. The ostracod species occurrences across the study sites appear to be
depended on the environment type of the study site (Tables 2.7, 1.5). Therefore,
majority of study sites show consistent groupings with respect to open and sheltered

environment types (Fig. 2.7).

According to the similarity matrix of common ostracod species among the 10
sites sampled in Fiji, the maximum number of ostracod species recorded at a single
site was 23 (out of 40, Table 2.1) and the minimum was 7 (out of 40, Table 2.1)
(Table 2.6). A maximum of 15 of 40 ostracod species (Table 2.1) were common
between two sites (between sites S4-2016 and S7) (Table 2.6). The lowest number of
common species between two sites was 1. Most of the sites only have 3 common

species between them. Brady (1890) is the most prominent documentation of Fijian
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marine ostracod (Section 1.3.1, Chapter 1). Of the 51 ostracod species across seven
sites in Fiji that Brady (1890) reported, the maximum number of species at one site
was 25 and the minimum was 11 (Fig. 1.5). The maximum number of common
species between two sites was 13 (between Levuka and Suva, Fig. 1.5) and the
minimum was 4 (Fig. 1.5). Out of the 51 species reported by Brady (1890) 43% only
occurred in one site and only 3% occurred in all sites (Fig. 1.6). The present study
reports 40 ostracod species from Fiji, 35% of which occurs in only one site and none
of the species occurs in all sites (Fig. 2.12). Both the present study and Brady (1890)
indicate that ostracod species within Fiji waters have geographically restricted

distribution.

Patterns depicting restricted geographical distribution of ostracod species were also
observed from multi-dimensional scaling (MDS) analysis. The MDS plot based on
ostracod species occurrences across the 10 study sites exhibits two prominent patterns
(Fig. 2.8). One set of points that are clustered together and another set of points that
are dispersed. The set of clustered points indicate species with restricted distribution
while the points that are dispersed represent species that are common across the 10
study sites. Among the species that have restricted distribution, two sets can be
recognized. Firstly, a set of species that is restricted to a small locality (occurs in one
and/or two sites only). Secondly, a set of species that is restricted to a region, which is
wider than the space occupied by the first set of species. These species occur in at
least four sites. Species that are classed as common, occur in five or greater than five

sites, however, they do not occur in all ten sites (Table 2.12).
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Table 2. 12: List of ostracod species described to have geographically restricted and/or
common distributions. Species that occur in > 5 sites are classed as common species and
those that occur in < 4 sites are classed as species with restricted distribution.

Species that Fijian shallow marine ostracod Distribution
occur in: species

1 site =  Hemicytheridae sp. 3
=  Myodocopa sp. 2
= Myodocopa sp. 4
= Paradoxostomatidae sp. 2
= Paradoxostomatidae sp. 6
= Paradoxostomatidae sp. 7
= Paranesidea sp. 1
= Paranesidea sp. 2 Restricted
=  Pontocyprididae sp. 1 (Within a small locality — occurs
=  Pontocyprididae sp. 2 in 1-2 sites only.)
=  Thaerocytheridae sp.
= Xestoleberis natuvuensis
= Xestoleberis penna
= Xestoleberis petrosa

2 sites = Loxoconchidae sp. 1
= Paradoxostomatidae sp. 1
= Paranesidea sp. 3
= Xestoleberis gracilariaii
= Xestoleberis marcula

3 sites = Neonesidea sp. 2
= Bairdoppilata sp.

4 sites = Cytheruridae sp. 1 Restricted
) Loxoco_nchldae sp- 4 (Within a wider region than the
*  Neonesidea sp. 1 species above (restricted within
= Paradoxostomatidae sp. 4 3-4 sites).)
= Paracypria fijiensis
= Platycopida sp. 1
=  Platycopida sp. 2
= Xestoleberis concava

5 sites = Hemicytheridae sp. 2
=  Myodocopa sp. 1
= Paradoxostomatidae sp. 3

6 sites = Bairdioidea sp.
= Loxoconchidae sp. 2 Common
=  Loxoconchidae sp. 3 (Occurs in more than 5 sites, but
= Paradoxostomatidae sp. 5 not present in all sites sampled.)

7 sites =  Leptocytheridae sp.

8 sites = Cytheruridae sp. 2
=  Myodocopa sp. 3
= Xestoleberis becca

9 sites »  Hemicytheridae sp. 1

10 sites None
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Figure 2. 12: Percentage common ostracod species across the 10 study sites sampled (Fig.
1.7).

The geographical partitioning of ostracod species is consistent with other
findings of this section. The ecological indices and SAD plots illustrate different
diversities (absence/presence), and abundances of ostracod species based on seasonal
patterns and pristine and human impacted locations. The cluster analysis indicates
groupings of study sites relative to environmental preferences of ostracod species.
The division of ostracod species into species with restricted distribution and
cosmopolitan species displayed by the MDS may be due to the combined effect of the
above-mentioned scenarios. As demonstrated by Hull (1997), ostracod species may
have different reproductive cycles and seasonal migration patterns. Ostracod species
with high tolerance levels to environmental disturbances may be characteristic of

locations impacted by anthropogenic activities, while those with low tolerance levels
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would only occur in pristine conditions (Stark et al. 2003; Ruiz et al. 2004; Ruiz et al.
2005; Yashuhara & Yamazaki 2005). Finally, only the ostracod species with heavily
calcified valves for protection against high wave-energy conditions would thrive in

open coast environments (Freiwald & Mostafawi 1998).

2.4.2 Ostracod Species and Habitat Associations

Two prominent ostracod species distribution patterns were depicted from the
Principal Component Analysis (PCA) plot (Fig. 2.9). Firstly, the set of points
concentrated close to the center of the axes and points distributed away from the
center of the axes, dispersed in the four quadrants. Habitat preference of ostracod
species increases moving away from the center of the axes in all directions. Therefore,
the overlapping cluster of points near the center of the axes represent ostracod species
with no habitat preferences. The points that are dispersed away from the center of
axes in the four quadrants, on the other hand, represent ostracod species that have
habitat preferences. A second pattern is evident in the spread of the points
representing the same habitat — the closer the points cluster the higher the evenness of
the species inhabiting that habitat. Vice versa is true for the more spread out points —
the greater the spread of the points the less even the distribution of the ostracod
species inhabiting the respective habitat. The furthest dispersed points represent the
dominant ostracod species harbored by the respective habitats (Figs. 2.9, 2.10, 2.11).
The points that dispersed the furthest for tall algae (TA) and short sparse algae (SSA)
(top left quadrant of PCA (plot Fig. 2.9)) represent species of the families

Loxoconchidae and Paradoxostomatidae (Fig. 2.11A, B). Selected points representing
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ostracod species from calcareous algae (CA) and blue-green algae (BGA) habitats
distinctively disperse in the top right quadrant (Fig. 2.9). These points represent
species from the families Bairdiidae, Loxoconchidae and Xestoleberididae (Fig.
2.10B). A distinct set of points representing ostracod species inhabiting green
filamentous algae (GFA) habitats are dispersed in the bottom right quadrant of the
PCA plot (Fig. 2.9). These points represent the species Loxoconchidae sp. 3,
Paracypria fijiensis (Fig. 2.10C), Pontocyprididae sp. 2 and species from the family
Bairdiidae (Table 2.7). Coral rubble (CR) habitat (bottom left quadrant of PCA plot
(Fig. 2.9) is mainly dominated by species of the family Bairdiidae (Fig. 2.11C). A
summary of habitat types and associated prominent ostracod species as depicted by
the PCA plot (Fig. 2.9), the relative abundances of ostracod species as per its habitat
type (Figs. 2.10, 2.11) and ostracod species counts (Tables 2.7, 2.8, 2.9) is outlined in

Table 2.13.

Previous studies have reported structurally complex algae habitats to support
high ostracod diversities and abundances (Hull 1997; Frame et al. 2007). Findings of
the present study indicate calcareous algae (CA), blue-green algae (BGA) and short
dense algae (SDA) habitat types to harbor a greater diversity of ostracod species than
other habitat types (Fig. 2.10A, B, D). The high diversity of ostracod species
supported by these algae habitats is most likely due to its structural complexity. The
most common type of CA collected was Halimeda opuntia, which is a green
calcareous alga with numerous tiny leaves arranged in a dense, compact mass (Plate
VI — B). Blue-green algae have numerous fine filamentous structures arranged in a
tangled mass (Plate V — G, H, 1), while most of the SDA have short and densely

spaced branches (Plate VI - D, E, F, G).
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Table 2. 13: Habitat types and associated dominant ostracod species as interpreted from the
results of ostracod species counts as per associated habitat (Tables 2.7, 2.8, 2.9), the PCA
plot (Fig. 2.9) and relative abundance graphs (Figs. 2.10, 2.11).

Habitat Type

Dominant ostracod species

Blue-green algae (BGA)

Supports a high diversity of ostracods.
Following ostracods are prominent:

= Loxoconchidae sp. 3

= Paracypria fijiensis

= Xestoleberis becca

= Xestoleberis concava

= Xestoleberis marcula

= Xestoleberis petrosa

Calcareous algae (CA)

Supports a high diversity of ostracods.
Following ostracods are prominent:

= Loxoconchidae sp. 2

= Bairdiidae spp.

= Xestoleberis becca

= Xestoleberis concava

Short dense algae (SDA)

Supports a high diversity of ostracods.
Following ostracods are prominent:

= Loxoconchidae sp. 2

= Loxoconchidae sp. 3

= Xestoleberis concava

Green filamentous algae (GFA)

= Loxoconchidae sp. 3
= Paracypria fijiensis

Short sparse algae (SSA)

= Loxoconchidae sp. 2
= Loxoconchidae sp. 3
= Paradoxostomatidae sp. 3

Tall algae (TA)

= Loxoconchidae sp. 2
= Paradoxostomatidae sp. 3

Coral rubble (CR)

= Bairdiidae spp.

Sediments (SED)

= Cytheruridae sp. 2
= Paracypria fijiensis
= Xestoleberis concava

The structural complexity of BGA, CA and SDA provide increased surface
area for ostracod species for feeding and shelter against predation, desiccation and
high wave action (Whatley & Wall 1975; Coull & Wells 1983; Hicks 1986; Hull
1997; Frame et al. 2007). In addition, almost all algae categorized as BGA, CA and

SDA have very short heights (approximately 10-15 cm in the water column), occur in
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dense mats on soft sandy bottoms and in many cases occur among/in sea grass beds.
Hence, these algae provide ideal sheltered habitats for ostracod species. Hence, both
the structural complexity of BGA, CA and SDA and its occurrence in sheltered

intertidal zones make them ideal ostracod habitats.

In contrast with BGA, CA and SDA habitat types, GFA, SSA, TA, CR and
SED habitat types support less ostracod diversity (Figs. 2.10, 2.11, Tables 2.7, 2.8, 2.9,
2.13). These habitats (GFA, SSA, TA, CR, SED) are structurally less complex than
BGA, CA and SDA (Plates V-VII). Hence, they support lesser ostracod diversity.
The dominant species supported by GFA include Loxoconchidae sp. 3 and
Paracypria fijiensis (Figs. 2.9, 2.10, Tables 2.7, 2.11). Although Paracypria fijiensis
occurs in four habitat types (BGA, GFA, SDA, SED), it is dominant in filamentous
type algae — BGA and GFA (Figs. 2.10A, C, D, 2.11D, Tables 2.7, 2.8. 2.9, 2.13).
Sediment (SED) habitats also support considerable numbers of Paracypria fijiensis
(Fig. 2.11D, Tables 2.9, 2.13). This is consistent with reports of Paracypria species
from Japan (Smith & Kamiya 2003; 2006). Specimens of Paracypria inujimensis
(Smith & Kamiya 2003) and Paracypria adnata (Smith & Kamiya 2006) were
collected from fine to muddy sand from Ushimado, Okayama and Yakushima Island,

respectively.

Short sparse algae (SSA) habitat type most prominently supports
Loxoconchidae and Paradoxostomatidae species (Figs. 2.11, Tables 2.8, 2.13). The
prominent species associated with TA are Loxoconchidae sp. 2 and
Paradoxostomatidae sp. 3. Sargassum was one of the most common algae categorized

as TA. The association of Paradoxostomatidae species with Sargassum has previously
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been reported from southern California (Frame et al. 2007). One possible reason for
Paradoxostomatidae species association with TA habitat type could be morphological
adaptation. Tall algae (TA) such as Sargassum, can be more than half a meter in
height when upright in the water column (Skelton & South 2014) and they are
subjected to frequent wave action in the intertidal zone. Species of the family
Paradoxostomatidae have suction-like mouthparts (Athersuch et al. 1989), which may
aid them to stick firmly on the surface of its habitat. In addition, unlike other
ostracods that graze on bacteria and micro-algae that grow epiphytically on seaweeds
(Elofson 1941; Whatley & Wall 1975; Athersuch 1979; Frame et al. 2007),
Paradoxostomatids possibly directly consume macro algae with the aid of specialized

piercing mandibles (Horne & Whittaker 1985).

Ostracods usually inhabit the thin film of algae on the surface of coral rubbles
(present study — CR habitat). As per the findings of the present study CR habitat type
mostly supports Bairdiidae species (Fig. 2.9, 2.11, Tables 2.8, 2.13). Bairdiidae
species have commonly been reported to inhabit hard substrates such as coral rubble
(Maddocks 1969a; 2013; 2015). Coral rubbles (CR) only have a thin layer of algae on
its surface and are mostly exposed to the harsh environmental fluctuations of the
intertidal zone. Hence, in order to survive on CR habitat Bairdiidae ostracods
probably possess specialized adaptive characteristics. Bairdiidae ostracods possess
heavily calcified valves that may protect it from desiccation. In addition, their
carapaces are covered with numerous setae/sensilla, which have specialized functions
that may aid it to survive on coral rubble habitat (Maddocks 2013). Bairdiidae species
have numerous types of setae strongly supported at the base and flexible (some are

also sclerotized and stiff) that may aid them to adapt to life on CR habitats. For
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instance anchor setae, which are extremely long type of setae that trail behind the

animal, providing additional friction and aiding in movement (Maddocks 2013).

At family and generic levels the ostracod species reported from sediment
(SED) habitat type from the present study is consistent with previous work on Fijian
ostracods by Brady (1890). Species of the genera Xestoleberis, Loxoconcha and
families Cytheridae, Cytheruridae and Bairdiidae were found to inhabit sediment
habitats in the present study (Fig. 2.11D, Tables 2.9, 2.13). Brady (1890) reported
similar genera and families from sediment samples across seven sites in Fiji (Figs. 1.3,

1.4, Table 1.4).

As predicted, shallow marine ostracods within Fiji waters show restricted
distribution. The distribution restrictions appear to be a result of the combined effects
of geographical distance, ocean currents and depths, environment type
(open/sheltered), anthropogenic activities and habitat preferences. Ostracod species
diversities and richness were found to be higher at pristine localities as opposed to
localities situated in the proximity of human developments. Although most species
reported herein appear to adhere to restricted distribution patterns, few species show
cosmopolitan behavior. These include Xestoleberis becca, Cytheropteron sp.,
Cytheridae sp. 3, Loxoconchidae sp. 2, Paradoxostomatidae sp. 3 and Bairdiidae
species. However, the abundances of these species, with the exception of Xestoleberis
becca, are low across the different sites. Based on ostracod species occurrences in
open and sheltered coastal settings, the 10 sites show consistent groupings of sites
with similar coastal settings. Habitat types that have high structural complexity

support high ostracod species diversity, whereas less structurally complex habitats
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show low ostracod diversities with one or two dominant species. Therefore, apart
from geographical distance, the distribution patterns of shallow marine ostracods
within Fiji waters are depended on environmental settings, human influence and

habitat types.

The species Loxoconchidae sp. 2, Loxoconchidae sp. 3, Paradoxostomatidae
sp. 4, Paracypria fijiensis, Xestoleberis becca and Xestoleberis concava were
dominant (with high relative abundances) at anthropogenically-influenced sites (Figs.
2.5A-B, 2,6A-D, Table 2.11). In addition, these species indicate a wide distribution
occurring in four to eight of the ten sites sampled. The dominant presence of these
species at anthropogenically-impacted sites and their wide distribution indicate them
to be tolerant and able to adapt to a wide range of environmental conditions. Four of
these six species namely, Loxoconchidae sp. 3, Paracypria fijiensis, Xestoleberis
becca and Paradoxostomatidae sp. 4 also show habitat preferences. Loxoconchidae sp.
3 and Paracypria fijiensis favor green filamentous algae, Xestoleberis becca favors

calcareous algae and Paradoxostomatidae sp. 4 favors tall algae habitat types.
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2.5 Summary

On a higher scale ostracod distribution patterns within Fiji waters are
depended on the geographical distances of localities, ocean currents set up by the
dominant southeast trade winds and deep ocean waters separating the many islands of
the Fiji archipelago. An examination of shallow marine ostracods across 10 localities
in Fiji revealed distribution patterns on smaller scales to be depended on additional
factors apart from geographical distances, ocean currents and depths. Ostracod
species diversity and richness were found to be higher in pristine locations (Tavewa
Island sites) than sites situated in the vicinity of human developments. Open and
sheltered coast settings were found to further influence the distribution patterns of
ostracod species within Fiji. Study site groupings based on ostracod species
occurrences indicate consistent groupings of sites with respect to open and sheltered
coast settings. In addition, an examination of the occurrence of ostracod species
across study sites revealed that majority of the species within Fiji waters displayed
restricted distribution while only a few species appeared to be cosmopolitan in
distribution. Finally, habitat preferences of ostracod species were found to be another
determining factor for species distribution. Structurally complex habitats were found
to harbor greater species diversity than habitats with less structural complexities.
Habitats with less structural complexities were found to favor a few dominant species
only. Therefore, the distribution patterns of Fijian shallow marine ostracods not only
depend on larger scale factors such as distance, ocean currents and depths, but smaller

scale factors like anthropogenic activity, local environmental settings and habitat

types.
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CHAPTER 3

BAIRDOPPILATA AND PARANESIDEA SPECIES (OSTRACODA:
PODOCOPIDA: BAIRDIOIDEA) FROM THE FIJI
ARCHIPELAGO

3.1 Introduction

Bairdioidean ostracods occur both in fossils and modern day marine environments.
Fossil records of Bairdioideans are from as early as the Paleozoic (Maddocks 1969a).
Most records of living Bairdioidean (those with soft part descriptions) are from
tropical to subtropical settings (Maddocks 1966, 1995; Hartmann 1974, 1978, 1979,
1980, 1981; Hartmann-Schroder & Hartmann 1974; Maddocks 2013; Maddocks
2015). Living Bairdioideans commonly occur in shallow marine environments,

inhabiting algae, seagrasses, sponges, corals, coral rubble and sediments.

Until Maddocks (1969) classification of Bairdioidean species was vague. Miiller
(1894) sorted 10 “Bairdia” species into two groups based on carapace and soft part
descriptions: Group | (subdeltoidea group) and Group Il. Kornicker (1961) combined
Miiller’s (1894) 10 “Bairdia” species with five Bahaman “Bairdia” species and sorted
these into four groups (I-1V) and Bairdoppilata. Kornicker’s (1961) classification
was based on the morphology male copulatory organs. Based on muscle scar pattern
alone, at least three “Bairdia” groups were recognized by Maddocks (1969a).
Kollmann (1963) identified five subfamilies of the family Bairdiidae among Triassic
genera: Bairdiinae Sars, 1923; Alanellinae Boucek, 1936; Nodobairdiinae Kollmann,
1963; Triebelininae Kollmann, 1963; and Carinobairdiinae Kollmann, 1963.

Maddocks (1969) proposed a firm classification for Bairdioidean ostracods based on a
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number of carapace and soft part characteristics of living Bairdioideans (Table 3.1).
Below is a brief classification of Bairdoidean genera as per Maddocks (1969) and the
World Register of Marine Species (WoRMS) database

(http://lwww.marinespecies.org).

Superfamily Bairdioidea Sars, 1865
Family Bairdiidae Sars, 1888
Neonesidea Maddocks 1969a
Paranesidea Maddocks 1969a
Triebelina Bold, 1946
Bairdoppilata Coryell, Sample & Jennings, 1935
Family Bythocyprididae Maddocks, 1969
Bythocypris Brady, 1880
Zabythocypris Maddocks, 1969
Anchistrocheles Brady & Norman, 1889
Family Pussellidae Danielopol in Maddocks, 1976
Danipussella Wouters, 1988

Pussella Danielopol in Maddocks, 1976

3.1.1 Bairdoppilata and Paranesidea

Most records of Bairdiidae species from the Pacific are based on valve
descriptions from dried sediment samples (Maddocks 2015). Soft part descriptions
(full and partial) have only been made for a handful of species. Maddocks (2015)

divided the Bairdoppilata species with at least partial soft part descriptions into three
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ecological groups — firstly, the most diverse tropical reef dwelling and phytal species,
secondly deep and cold water species documented by Branddo (2008) and thirdly
species represented by the genus Glyptobairdia; “Neotropical reef-dwelling species”
(Table 3.1). In addition to the species listed in Table 3.1 Maddocks (2015) described

four additional Bairdoppilata species from Hawaii in open nomenclature.

Bairdoppilata scaura Maddocks, 2015
Bairdoppilata sp. 2 of Maddocks 2015
Bairdoppilata sp. 3 of Maddocks 2015

Bairdoppilata sp. 4 of Maddocks 2015

According to Maddocks (2015) the genus Paranesidea includes a small group of
distinct species inhabiting tropical coralline and phytal environments. Paranesidea
species with at least partial soft part descriptions as summarized by Maddocks (2015)
are listed in Table 3.2. Apart from the species listed in Table 3.2, two additional
species of the genus Paranesidea were described by Maddocks (2015) from Hawaii in
open nomenclature: Paranesidea sp. 1 of Maddocks 2015 and Paranesidea sp. 2 of

Maddocks 2015.

Bairdoppilata species have rounded to sub-hexagonal carapaces. The 8-10
adductor muscle scars are arranged in three widely spaced arcuate rows (Maddocks
1969a). The major characteristics used to identify Bairdoppilata species are the
auxiliary dentition below the hinge (“supplemental locking dentition” of Maddocks

(2015)) and the two terminal antennal claws (Maddocks 2015).
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Table 3. 1: Bairdoppilata species as per Maddocks's (2015) ecological clusters. At least partial soft parts of the listed species have been described.

Ecological Group Species Locality
First group Bairdoppilata (Bairdoppilata) alcyonicola Maddocks, 1969 Nosy Be, Madagascar
(Most diverse, small & punctate, Bairdoppilata angolensis Hartmann, 1974 Angola

inhabit tropical reef and phytal
assemblages)

Bairdoppilata balihaiensis Hartmann, 1978

Northwest Australia

Bairdoppilata (Bairdoppilata) cratericola Maddocks, 1969

Nosy Be, Madagascar

Nesidea cushmani Tressler, 1949 (=Bairdoppilata carinata Kornicker,
1961 by Maddocks 1969a)

Florida, Bahamas

Bairdoppilata cytheraeformis Hartmann, 1974 Angola
Bairdoppilata geelongensis Hartmann, 1980 South Australia
Bairdoppilata mocamedesensis Hartmann, 1974 Angola

Bairdoppilata portsamsoensis Hartmann, 1978

Northwest Australia

Bairdia simuvillosa Swain, 1967

Gulf of California

Bairdoppilata sinusaquilensis Hartmann, 1979

Southwest Australia

Bairdoppilata sp. 2 Maddocks, 1969

Northwest Madagascar
near Nosy Be)

Bairdoppilata? sp. 2 Maddocks, 1975

Ascension Island

Second group

(Reported from sediment samples of
deeper and colder waters by Brandao
(2008).

Bairdia simplex, Brady 1880

Off Heard Island,
Southern Ocean

Nesidea labiata Muller, 1908

Gauss Station, Southern
Ocean

?Bairdoppilata sp. 1 aff ?B. labiata of Branddo 2008

Southern Ocean

?Bairdoppilata sp. 2 aff ?B. labiata of Branddo 2008

Weddell Sea

Bairdia hirsuta Braday, 1880

Near Juan Fernandez
Island, Southeast Pacific
Ocean

Bairdia villosa Brady, 1880

Off Kerguelen Island,
Southern Ocean
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Ecological Group Species Locality
?Bairdoppilata sp. 5 aff ?B. labiata of Branddo 2008 Knysna Beach, South
Africa

?Bairdoppilata sp. 6 aff ?B. labiata of Branddo 2008

Lideritz Bay, Namibia

Group 3

(represented by the genus
Glyptobairdia — asymmetrical valves,
pronounced ridges, deep punctae,
bairdoppilatan accessory dentition,
scissors-like antennal claws)

Bairdia coronata Brady, 1870

Caribbean, Bermuda,
Bahamas, Belize

Bairdoppilata? sp. 1 of Maddocks, 1975

Ascension Island

Table 3. 2: Paranesidea species with at least partical soft part descriptions as per Maddocks (2015).

Species Locality Species Locality

Paranesidea algicola Maddocks, 1969 Nosy Be, Paranesidea onslowensis Hartmann, 1978 | Northwest Australia
Madagascar

Bairdia arostrata Kornicker, 1961 Bahamas Islands, Paranesidea parva Hartmann, 1978 Northwest Australia
Florida Keys

Paranesidea fracticorallicola Maddocks, 1969 Nosy Be,

Madagascar

Paranesidea posidonicola Hartmann, 1979

Southwest Australia

Bairdia gigacantha Kornicker, 1961

Bahamas Islands

Paranesidea spongicola Maddocks, 1969

Nosy Be, Madagascar

Paranesidea harpago Kornicker, 1961

Bahamas Islands

Paranesidea sterreri Maddocks in
Maddocks & lliffe, 1986

Bermuda
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The anterodistal seta and the distal claw of the antenna are equal in length. The
vibratory plate of the first thoracic leg possesses four unfeathered setae of equal lengths.

The furca has seven long setae (Maddocks 1969a).

Paranesidea species have rounded carapaces with broadly arched dorsal margin.
The anterior and posterior margins of the right valve are denticulate and the left valve is
frilled. The eight (or more) adductor muscle scars are arranged in a compact rosette.
The distal claw of the antenna is smooth, the fused claw is serrate and the anterodistal
seta is thin. The first thoracic leg’s vibratory plate has four unfeathered setae that are
segregated proximally and are of equal or diminishing lengths. The furca has six setae
(the fifth and sixth setae are much shorter than the other setae). Males of Paranesidea
species possess large copulatory organs, which are chitinized and are equipped with
conical or digitiform distal projections (Maddocks 1969a). A comparison of the
diagnostic characteristics of Paranesidea, Bairdoppilata and Neonesidea is given in

Table 3.3.

Bairdiidae ostracods possess numerous conspicuous setae (also termed as sensilla,
hairs, bristles) on their carapaces that are decay-resistant (Maddocks 2013). Since the
sensory function of the carapace hairs in Bairdiidae ostracods is hypothetical, the term
“setae” 1s used to refer to them (Maddocks 2013). Acknowledging their taxonomic
value, Maddocks (2013; 2015) identified and categorized the carapace setae of
Bairdiidae ostracods into various types: eyelash setae, caudal setae, anchor setae, simple
setae, plumose setae and pappose setae (Table 3. 4). The Bairdoppilata species
examined by Maddocks (2015) possess numerous simple setae (sensilla) on their

exterior Carapace.
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Table 3. 3: Diagnostic characteristics of Neonesidea, Paranesidea and Bairdoppilata species (Maddocks 1969a, 2013, 2015).

RV: right valve, LV: left valve.

Features Neonesidea Paranesidea Bairdoppilata
Male Female Male Female Male Female
Soft parts | Distal antennal claw Sigmoid hook | Smooth Smooth Smooth Smooth Smooth
(Bifid
antennal
claw)
Anterodistal antennal seta Absent or Long & thin Short & thin Long & thin | As long and As long and
vestigial thick as distal | thick as
claw distal claw
Posterodistal (fused) antennal seta | Smooth Smooth Serrate to Very finely Smooth Smooth
pectinate serrate
Vibratory plate of first thoracic 2 equal length | 1 4 equal length | 4 equal length | 4 equal length | 4 equal
leg: number of unfeathered setae length
proximally segregated
Number of furcal setae 5 long, 2 short 4 long, 2 short 7 all long
(never dimorphic)
Carapace | Surface texture Smooth or finely punctate Coarsely punctate Smooth or finely punctate

Structure Thin Robust Thin
Lateral outline Elongate sub-triangular Rotund Rounded sub-hexagonal
Hingement Maybe finely serrate Smooth Smooth

No auxiliary dentition No auxiliary dentition Auxiliary dentition present
Muscle-scar pattern 4 zigzag rows Tight spiral Loose spiral

Wedge-shape Sub-circular Oblong

Marginal denticulation

RV: Anterior — none or few
Posterior — none or many

LV: Anterior — smooth
Posterior — denticulate

RV: Anterior & Posterior
frilled

LV: Anterior & Posterior
denticulate

RV: Smooth or frilled
LV: Frilled or denticulate
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Table 3. 4: Carapace setae (sensilla) classification as per Maddocks (2013; 2015) and
Broodbakker & Danielpol (1982). For detailed descriptions of carapace setae refer to
Maddocks 2013 & 2015.

Setae (sensilla) type Description

Simple setae Stiff, smooth, nearly straight and tapers to a point.
Ontogenetically oldest carapace setae, hence longest,
thickest and darkest setae. Located on carapace exterior
surface.

Eyelash setae Short, thin, straight or weakly curved, light appearance
and tapers to a point. Parallely aligned (at regular
intervals) in a row. First illustrated by Mdaller (1894) &
Hartmann 1974. Introduced as a new term by Maddocks
(2013).

Plumose setae Has a feathery/plume-like appearance. Short, thin, edged
by two rows of fine, regularly spaced, parallel
barbs/vanes. Consistent lengths and regularly spaced when
present. Located in the caudal region. Defined by
Broodbakker & Danielopol (1982) as appendage setae.
Described as marginal carapace setae of Bairdiidae by
Mdiller (1894) & Maddocks (2013).

Caudal setae Feathered with numerous minute barbs/vanes forming a
thistle-, leaf-, or fan-like structure. The shafts are short,
wide, thick-walled and inflexible. Distal plumose fans
overlap with adjacent caudal setae. If present about 6-8 at
dorsal edge of caudal process of both valves. First
illustrated in drawings by Miiller (1894) & Hartmann
(1974). SEM image illustrations by Hartmann (1978) &
Maddocks (1995). Introduced as a new term by Maddocks
(2013).

Pappose setae Plumed setae with setules arising from all around the shalf
(as opposed to two lateral rows). Thin and short. Shaft
thick at the base and tapers to a point distally. Occurs
around the free margins (not restricted to caudal region).
Defined by Broodbakker & Danielopol (1982). First
illustration on Bairdiidae carapace by Kornicker (1961).

Anchor setae One or few exceptionally long setae (even longer than the
carapace). When felt with needle — rough & sticky.
Located on posterolateral and posterior flanks of carapace.
In dorsal view projects outwards and trails posteriorly.
First illustrations by Muller (1894) & Maddocks (1995).
Introduced as a new term by Maddocks (2013).
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Marginal carapace setae (sensilla) observed by Maddocks (2015) included simple
setae, eyelash setae and plumose setae. Maddocks (2015) reported the Paranesidea
species to possess pappose setae and eyelash setae. Both the Bairdoppilata species
and Paranesidea species did not have any caudal setae, which are prominent in

Neonesidea species (Maddocks 2013; 2015).

Thus far, there are a total of nine Bairdioidean species reported from Fiji. Hiruta
(1994) described both the soft parts and valves of two interstitial Pussellidae species.
Brady (1890) described the remaining seven Bairdiidae species based on valve
descriptions (Tabe 3.5). The species Bairdoppilata simplex Brady, 1880 reported from
Fiji, was re-examined by Brand&o (2008), who concluded that this species is restricted
to its type locality — off Heard Island. Branddo (2008) identified more than ten
different species among the various species reported as Bairdoppilata simplex. The
Fijian Bairdia simplex (Bairdoppilata simplex) reported by Brady (1890) was among
the many species that were identified to be different from the lectotype of

Bairdoppilata simplex (Brady, 1880).

This chapter reports four additional Bairdiidae species from algal habitats
collected from shallow fringing reef flats of Fiji. The four species described herein
include one species from Bairdoppilata and three species from Paranesidea. In
addition to morphological descriptions the distribution of these species within the Fiji

archipelago is discussed.
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Table 3. 5: List of Bairdioidea ostracods reported from Fiji.

Genus Species Descriptons | Reference
Danipussella Danipussella rhamphodes Soft parts & Hiruta 1994
(Family Pussellidae) Hiruta, 1994 valves
Pussella Pussella fijiensis Soft parts & Hiruta 1994
(Family Pussellidae) Hiruta, 1994 valves
Bairdoppilata Bairdoppliata simplex Valves only Brady 1890
(Family Bairdiidae) Brady, 1880
Neonesidea Neonesidea amygdaloides Valves only Brady 1890
(Family Bairdiidae) Brady of Brady, 1890
Neonesidea crosskeiana Valves only Brady 1890
Brady, 1866
Neonesidea milneedwardsi | Valves only Brady 1890
Brady, 1869
Neonesidea woodwardiana | Valves only Brady 1890
Brady, 1880
Paranesidea Paranesidea nodulifera Valves only Brady 1890
(Family Bairdiidae Brady, 1890
Bairdia Bairdia foveolata Valves only Brady 1890
(Family Bairdiidae) Brady, 1868

3.2 Methodology

3.2.1 Collection Sites

Species of the family Bairdiidae were collected from eight out of the 10 sites

sampled for ostracods in both 2015 (February) and 2016 (August) (Figs. 3.1, 1.7,

Table 1.5). The eight sites include S1, S2, S3, S4, S5, S7, S8, and S10. Specimens

were collected from algae habitats in the back reef area of fringing reef systems of the

eight localities. Collections were made from exposed intertidal flats, tide pools, and

sub-tidal zones. For details of collection method refer to section 1.5, Chapter 1.
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3.2.2 Specimen Examination & Terminologies

Representative specimens from the eight collection localities were dissected in
Neoshigral gel with fine needles and the aid of a dissecting microscope. Sketches
were made using an optical microscope (Leica DM LB2) and camera lucida. Carapace
observations were made using a Scanning Electron Microscope (SEM) (Jeol JSM-

6010LV).

Abbreviations and appendage terminologies used for systematic descriptions are
as follows Anl—antennule, An2—antenna, BO — brush organ, CR—caudal ramus,
Hp—hemipene, L5— fifth limb, L6—sixth limb, L7—seventh limb, LV—Ileft valve,
Md—mandible, Mx—maxillula, RV—right valve. The algae habitats were identified
with reference to Skelton & South (2014) and written confirmation (P.A. Skelton &

G.R. South, 2015, pers. comm.).
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Figure 3. 1: Specimen collection sites for Bairdioidea ostracods in Fiji. Black outlined
symbols indicate samples collected in 2016.

3.3 Results

Systematic descriptions of four Bairdiidae species are made below -
Bairdoppilata sp, Paranesidea sp. 1, Paranesidea sp. 2 and Paranesidea sp. 3. Both
male and female adult specimens of Bairdoppilata sp. were found. Only adult males
were found for the Paranesidea species. A summary of specimen details and their

respective habitats and counts are provided in Table 3.6.
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Systematic Descriptions

Subclass Podocopa Sars, 1866
Order Podocopida Miller, 1894
Superfamily Bairdioidea Sars, 1888

Family Bairdiidae Sars, 1888

3.4.1 Genus Bairdoppilata Coryell, Sample and Jennings, 1935

Bairdoppilata sp. 1

(Figs. 3.2-3.5, Plate XV)

Collection locality. Specimens were collected from a rocky shore/narrow
fringing reef environment in the northwest of Tavewa Island, Yasawa Islands (S2,

Figs. 1.7, 3.1, Table 1.5).

Diagnosis. Living specimens have a white and pitted appearance. Lateral
outline of carapace is sub-hexagonal. Maximum length female 800 pum, male 957 pum.
Maximum height female 455 um, male 571 um (Table 3.6). Greatest height at mid-
length. Bairdoppilata muscle scar pattern, central muscle scars consist of eight scars —
seven larger scars arranged around a central small scar. An2 terminating claws of
nearly equal lengths in both male and female. An2 main claw slightly longer than
accessory claw. Sub-trigonal, fish-tail-like proximal structure of zygum of male
copulatory appendage. Hp ear-like, positioned slightly away from the zygum. Furca

with seven setae.
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Table 3. 6: Summary of Bairdioidea characteristics within Fiji waters. Bairdioidea sp.
represents juveniles only. Since the juveniles were in early stages of development, it was not
possible to determine the species. MH — maximum height, ML — maximum length. For details
of habitat types (codes) refer to Table 1.5 (Chapter 1). For more details of counts and
distribution patterns refer to Chapter 2.

Fijian Bairdiidae Size Adult: | Adults | Habitat | Counts
species (um) Juvenile | &: 9 Type
Bairdoppilata sp. 3 2:74 1:1 BGA 10
MH: 571 CA 51
ML: 957 GFA 6
Q SDA 4
MH: 455 SSA 3
ML: 800 TA 2
Paranesidea sp. 1 MH: 470 2:65 2:0 CA 67
ML: 753
Paranesidea sp. 2 MH: 506 1:30 1:0 CA 31
ML: 824
Paranesidea sp. 3 31 2:25 2:0 BGA 29
MH: 507 (CA) CA 25
ML: 893 GFA 21
32 CR 2
MH: 566 SED 1
ML: 950
Neonesidea sp. 1 - 0:49 - CA 24
GFA 2
CR 3
SDA 13
TA 7
Neonesidea sp. 2 - 0:62 - BGA 16
CA 29
GFA 17
Bairdioidea sp. - - - BGA 46
CA 248
GFA 18
SDA 148
TA 10
CR 200
SED 8

Description. LV and RV asymmetrical in size and shape. LV bigger than RV,
dorsal arch of LV swells above RV (Fig. 3.2A-B"). Lateral outline of LV rounded

and RV angular. LV with smoothly arched dorsal margin and sinuate ventral margin.
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Dorsal view moderately compressed, wider/swollen mid-region and tapered
extremities. Exterior surface of valves punctate. Hinge straight median bar, accessory
locking dentition apparent below hinge in LV. Simple and eyelash setae line the edges
of the valves. At least 6 plumose setae in the caudal region of LV. Simple normal
pores scattered over valves. Valve edges with densely crowded pores. Numerous

straight, closely spaced marginal pores.

Al with seven podomeres, three distal podomeres severely reduced (Fig. 3.3A—
A"). Second podomere with 1 long ventral seta, third podomere with 1 long distal
ventral seta, fourth podomere with 2 short distal ventral and dorsal seta (1 on each
side), last two (terminating) podomeres with 13 very long, flexible and tactile setae —
sixth podomere with 8 distal ventral and dorsal setae (4 on each side), seventh

podomere with 5 setae.

A2 with six podomeres (Fig. 3.3B—B’). Protopodite with two podomeres (first
podomere difficult to view in dissected specimen, hence unclear illustration). Second
podomere with 1 long distal dorsal and 1 long distal ventral setae. Exopodite consists
of 1 long seta at proximal end of third podomere. Endopodite with four podomeres.
Third podomere with 3 short proximal ventral setae and 1 long and 1 short ventral
distal setae. Fourth podomere with 1 long, stout and 1 fine, short ventral distal setae.
Fifth podomere with 1+1 short, fine dorsal medial setae, 1 stout and 1 fine ventral
distal setae and 1 short distal claw. Sixth podomere reduced, with main and accessory

claws of nearly similar lengths; slightly longer accessory claw than main claw.
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Md coxa with 5 lobate teeth of decreasing size (Fig. 3.3C—C”). 2 bristled setae
flank the lobate row of teeth. Exopodite comprises 1 long and 2 short setae on a short
segment. Palp with 4 podomeres. First podomere with 1 large ventral seta (latter half
of seta hirsute) and 1 long seta at junction of first and second podomeres. Second
podomere with 2 long medial dorsal setae, 1 long distal ventral seta and 1 seta at
junction of second and third podomeres. Third podomere with 3 medial dorsal setae
and 3 distal ventral setae (1 smooth seta flanked by 2 hirsute setae). Fourth podomere
with 1 medial dorsal seta and 1 short, fine distal ventral seta. 3 terminating claws (1

large, 2 short).

Mx palp unjointed, with 3 medial dorsal setae, 1 medial ventral seta and 1
terminating pectinate claw (Fig. 3.3D-D’). First endite with 1 medial seta and at least
3 bristled terminating setae, second and third endites with 1 medial seta and at least 3
terminating setae. Ventral accessory plate with 6 smooth setae segregated proximally
and with wedged-shaped terminations. Short segment with 2 accessory setae located
dorsally just above vibratory plate. Vibratory plate with 24 plumose setae. BO

asymmetrical segments with a tassle of fine, long terminating setae (Fig. 3.4B).

L5 basis with 1+2 dorsal medial setae, 2+1 dorsal apical setae (Fig. 3.4C).
Vibratory plate with 13 plumose setae of decreasing lengths and 4 smooth setae
segregated proximally, with wedge-shaped terminations of ventral accessory plate.
Second podomere with 2 dorsal apical setae, third and fourth podomeres with 1 dorsal
apical stout, pointed seta each, fifth podomere with 1 short, fine dorsal apical seta.

Terminating claw curved, slender, stout with a pointed tip.

104



Figure 3. 2: Bairdoppilata sp. Female. A. RV. B. LV. B'. Anterior margin of LV. B". Posterior
margin of LV. Scale bars 200 um.

L6 basis with 1+1 dorsal medial setae, 1+1 dorsal apical setae, epipodite near
ventral apex 2 setae on a short segment (Fig. 3.4D-E). Second podomere with 2
dorsal apical setae, third podomere with 1 pointed, stout dorsal apical seta, fourth
podomere with 1 short dorsal apical seta, fifth podomere with 1 short fine dorsal
apical seta. Terminating claw long, slender, curved with a pointed tip. L7 basis with
1+1 dorsal medial setae, 1+1 dorsal apical setae, epipodite near ventral apex 2 setae

on a short segment (Fig. 3.4F).
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Hp symmetrical, rounded, stout positioned on either side of zygum (Fig. 3.5B,
B’). Capsule circular, disc-like. Distal process quadrate with rounded edges, 1 short
seta at proximal end. Ejaculatory duct follows capsule shape near upper edge of
capsule before exiting towards distal process. Female genitalia placed on either side
of zygum (Fig. 3.5A, A’), connected to ovaries by a pair of tubes — 1 smooth, 1
wrinkled. Furca situated just below zygum. A short segment with 4 ventral setae and
3 terminating setae — 1 extremely long, setule-tipped seta flanked by 2 shorter setae
(Figs. 3.4G, 3.5A-B). Masticatory organ — central triangular plate (Kauplatte) with

seven small rounded teeth supported by jaw-like structure (Fig. 3.4A).

Distribution. Bairdoppilata sp. specimens were collected from green
calcareous algae (Halimeda spp.) that were submerged in tidal pools at low tide. Out
of the 52 specimens collected only two were adults. A small number of juveniles of B.
sp. were also collected from green calcareous algae (Halimeda opuntia) along the

straight coast of Korotogo, Coral Coast, Viti Levu (S5, Figs. 1.7, 3.1, Table 1.5).

Remarks. Bairdoppilata simplex Brady, 1880 was the only species of this
genus reported from Fiji (Brady 1890). A re-examination of B. simplex by Brand&o
(2008) indicates that Bradys’s (1890) B. simplex from Fiji was different from B.
simplex, which is restricted to its type locality, off Heard Island in the Antarctic
region. In lateral outline Bairdoppilata sp. is similar to Bairdoppilata alcyonicola
Maddocks, 1969 from Nose Be Madagascar (Maddocks 1969a). However, the Hps of

both species are different.
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Figure 3. 3: Bairdoppilata sp. Male. A. Anl. A" Anl terminating setae. B. An2. B'. An2
terminating claws. C. Md. C'. Md coxa teeth. C". Md palp. D. Mx. D'. Mx palp. Scale bar
100 pm.
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Figure 3. 4: Bairdoppilata sp. Male. A. Masticatory organ. B. BO. C. L5. D. L6 basis. E. L6
endopodite. F. L7 basis. G. Furca. Scale bar 100 pm.

The Hp of B. alcyonicola is positioned close to the zygum, the proximal portion of the
zygum is rounded and the distal process has a quadrate shape. The Hp of B. sp. on the
other hand, is positioned away from the zygum, the proximal structure of the zygum
is shaped like a fish-tail, the distal process is rounded and has a seta on its proximal

end.
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A, B

Figure 3. 5: Bairdoppilata sp. A. Female genitalia, zygum and furca. A'. female genitalia and
ovary. B. Male Hp, zygum and furca. B'. Male Hp. Scale bar 100 um.
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3.4.2 Genus Paranesidea Maddocks, 1969

Paranesidea sp. 1

(Figs. 3.6-3.8)

Collection locality. Specimens collected from northeast coast of Tavewa Island
in the Yasawa Group (S3, Fig. 3.1, 1.7, Table 1.5). The northeast coast of Tavewa
Island is an open coast that experiences high energy wave actions. The shorelines of
this area are characterized by terrestrial boulders and coarse to rubble dominated

sediments (Plate 11A-G).

Diagnosis. Lateral outline of carapace is sub-trigonal to rounded. Maximum
length is 753 pum and maximum height is 470 um (Table 3.6). Greatest height at mid-
length. Dorsal edge of LV rotund, RV slightly angular. Small caudal process evident
at posterior-ventral edge of RV. An2 terminating claws of unequal lengths. An2 main
claw longer than serrated accessory claw. Crescent-shaped capsule of Hp with semi-
circular distal processes, 1 short fine seta at ventral edge of distal processes and

slightly curved ejaculatory ducts. Furca with four setae.

Description. LV and RV asymmetrical in size and shape (Fig. 3.6A-B’). LV
bigger than RV, dorsal arch of LV swells above RV. Lateral outline of LV rounded
and RV angular. LV with high arched dorsal margin and slightly rounded ventral
margin. Valves with rounded anterior and tapered posterior margins. Simple setae line
the edges of valves. At least 18 plumose setae line ventral edge (posterior most seta
longer than other setae) of caudal region and 17 pappose setae line anterior margin of

LV. Posterior end of RV with at least 6 plumose setae and 8 small teeth.
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AI, AII, Bl

Figure 3. 6: Paranesidea sp. 1. Male. A. RV. A'. Pappose setae at anterior margin of RV. A"
Plumose setae at posterior end of RV. B. LV. B'. Plumose setae at posterior end of LV. Scale
bars 200 pm.

Al with seven podomeres, three distal podomeres severely reduced (Fig. 3.7B—
B’). Dorsal distal end of first podomere with a tassel of fine setae. 1 distal seta each on
ventral side of second, third and fourth podomeres. 1 short seta on dorsal distal end of
fourth podomere. At least 13 extremely long terminating setae — fifth podomere with
2 distal ventral, 2 distal dorsal setae, sixth podomere with 2 distal ventral, 2 distal

dorsal setae, seventh podomere with 5 terminating setae.

A2 with six podomeres (Fig. 3.7C—C’). Protopodite with 2 podomeres. Second

podomere with 1 long dorsal distal and 1 long ventral distal setae. Exopodite 1 long
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seta. Endopodite with 4 podomeres. Third podomere with 1 short ventral medial and
1 long and 1 short ventral distal setae. Fourth podomere with 1 slender, stout, long
ventral distal and 1 short, fine dorsal distal setae. Fifth podomere with 1 short dorsal
medial seta and 1 short, stout, blade-like ventral distal seta. Terminating claws of
sixth podomere — main claw long, smooth with a pointed tip, accessory claw nearly

half the length of main claw and with ventral serration.

Md coxa with four set of lobate teeth of decreasing sizes from dorsal to ventral
ends (Fig. 3.7D-E). At least 2 fine accessory setae between teeth. Coxa teeth flanked
by 1 setuled dorsal distal seta and 1 short, smooth and 1 short, setuled ventral setae.
Md palp with 4 podomeres. First podomere with 1 long distal ventral setae. 1 seta at
junction of first and second podomeres. Second podomere with 2 distal dorsal and 2
distal ventral setae. Third podomere with 1 short dorsal medial seta, 2 short ventral
distal setae, 2 short medial setae. 1 short seta at junction of third and fourth podomere.
Fourth podomere with 1 medial dorsal seta. Main terminating claw stout, larger than 2
accessory claws (slender, shorter in length). Exopodite with 3 setae — 1 smooth,
extremely long, 1 medium length, round-tipped with fine bristles, 1 short, smooth

with pointed tip.

Mx palp with 1 long proximal seta, 3 long dorsal medial setae, 1 short ventral
medial seta, 1 club-shaped terminating claw frilled with fine bristles (Fig. 3.7F-F").
First endite with 1 smooth ventral proximal seta, 2 smooth claws, 1 club-shaped claw
frilled with fine bristles, second endite with 1 smooth ventral proximal seta, 1club-
shaped claw frilled with fine bristles flanked by 1 smooth claw and 1 setuled seta,

third endite with at least 3 setuled terminating setae and 1 smooth medial ventral seta.
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Ventral accessory plate with 6 smooth setae segregated proximally and with wedged-
shaped terminations. Vibratory plate with 25 long, plumose setae. BO 2 asymmetrical
segments with somewhat wrinkled proximal ends and numerous fine terminating

setae (Fig. 3.8A).

L5 basis with 1+2 dorsal medial setae, 2+1 dorsal apical setae (Fig. 3.8B—C).
Vibratory plate with 10-13 plumose setae of decreasing lengths and 4 smooth setae
segregated proximally, with wedge-shaped terminations of ventral accessory plate.
Second podomere with 2 dorsal apical setae, third podomere with 1 dorsal apical stout,
pointed seta, fourth podomere with 1 short, stout, dorsal apical seta. Terminating claw

curved, slender, stout with a pointed tip.

L6 basis with 1+1 dorsal medial setae, 1+1 dorsal apical setae, epipodite near
ventral apex 2 setae on a short segment (Fig. 3.8D). Second podomere with 2 dorsal
apical setae, third podomere with 1 pointed, stout dorsal apical seta, fourth podomere
with 1 short dorsal apical seta, fifth podomere with 1 short fine dorsal apical seta.

Terminating claw long, slender, curved with a pointed tip.

L7 basis with 1+1 long dorsal medial setae, 1+1 short, fine dorsal apical setae,
epipodite near ventral apex 2 setae on a short segment (Fig. 3.8E). Second podomere
with 2 dorsal apical setae, third podomere with 1 pointed, stout dorsal apical seta,
fourth podomere with 1 short dorsal apical seta. Terminating claw long, slender,

curved with a pointed tip.
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Hp symmetrical, elongated, oval shaped positioned on either side of zygum (Fig.
3.8F-F"). Capsule crescent shaped, rounded dorsal edge. Distal process semi-circular
with rounded edges, 1 short ventral seta of distal process. Ejaculatory duct positioned
close to ventral edge of Hp, slightly curved, terminates with rounded end at distal
ventral edge of distal process. Furca situated just below zygum. A short segment with
4 terminating setae — 1 extremely long, setule-tipped seta flanked by 2 short, smooth
setaec and 1 short smooth setae on either side (Figs. 3.8F, F"). Masticatory organ —
triangular plate (Kauplatte) with at least 12 villi-like projections that tapers to point,
fringes one edge. Triangular plate supported by two stout segments positioned in a V,

connected at apex of plate (Fig. 3.7A).

Distribution. Paranesidea sp. 1 specimens were collected from green
calcareous algae (Halimeda spp.) that were submerged in tidal pools at low tide at the
collection locality. Out of the 67 specimens collected only two were adults (both

males) (Table 3.6).

Remarks. Valve descriptions are similar to Paranesidea nodulifera Brady,
1890. However, both species have different valve sizes — the maximum length of P.
nodulifera = 800 um and that of P. sp. 1 = 753 um (Table. 3.6). As per the lateral
outline of the valve P. sp. 1 is similar to Paranesidea algicola Maddocks, 1969 from
Nose Be Madagascar. Differences between the two species are prominent in their An2,

Md palp and Hps.
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Figure 3. 7: Paranesidea sp. 1. Male. A. Masticatory organ. B. Anl. B'. Anl terminating
setae. C. An2. C'. An2 terminating claws. D. Md. E. Md exopodite. F. Mx. F'. Md palp. Scale
bars 100 pm.
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Figure 3. 8: Paranesidea sp.1. Male. A. BO. B. L5. C. L5 vibratory plate. D. L6. E. L7. F. Hp
& furca. F'. Hp. F". Furca. Scale bars: 100 um.

Paranesidea algicola — A2 distal a fine ventral seta of fifth podomere that tapers to a

point, Md palp largest terminating claw with prominent pectination, Hp has sigmoid

116



shaped ejaculatory ducts and finger-like projection at the distal end its disital process.
Paranesidea. sp. 1 — A2 distal ventral seta of fifth podomere is stout and blade-like,
Md palp largest terminating claw is smooth, Hp has slightly curved ejaculatory ducts,

rounded distal processes and a short seta at the proximal end of its distal process.

Paranesidea sp. 2

(Figs. 3.9-3.11)

Collection locality. Specimens collected from a pocket beach along Korovou,
Naviti Island in the Yasawa Group (S1, Figs. 3.1, 1.7, Table 1.5). The collection site
was situated in front of a small backpacker resort (White Sandy Beach Resort). The
shoreline of this area was characterized by fine to coarse sand and abundant algae in a

shallow fringing reef lagoon.

Diagnosis. Lateral outline of carapace is sub-trigonal to rounded. Maximum
length is 824 um and maximum height is 506 um (Table 3.6). Greatest height before
mid-length. Dorsal edge of LV rotund, RV slightly angular. Anterior and posterior
caudal process evident in RV and LV. An2 terminating claws of unequal lengths. An2
main claw longer than serrated accessory claw. Widely rounded capsule of Hp with
sub-triangular distal processes, and vertically positioned ejaculatory ducts. Furca with

four setae.
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Description. LV and RV asymmetrical in size and shape (Fig. 3.9A-B’). LV
bigger than RV, dorsal arch of LV swells above RV. Lateral outline of LV rounded
and RV sub-hexagonal. LV with high arched dorsal margin and slightly rounded
ventral margin. RV with rounded anterior and tapered posterior margin. LV with
rounded anterior and posterior margins. Simple setae line the edges of valves. At least
16 plumose setae line ventral edge (posterior most seta longer other setae) of caudal

region.

Anl with seven podomeres — first two large, third and fourth short, compressed
quadrates, terminating three severely reduced (Fig. 3.10A—A’). Second podomere
with 1 long medial seta. Third podomere with 1 long ventral distal seta. Fourth
podomere with 1 short dorsal seta. 13 extremely long terminating setae — fifth
podomere with 2 distal dorsal, 2 distal ventral setae, sixth podomere with 2 distal

dorsal, 2 distal ventral setae, seventh podomere with 5 terminating setae.

An2 with six podomeres (Fig. 3.10B-B’). Protopodite consist of 2 podomeres.
Endopodite with 4 podomeres. First podomere with 1 long and 1 short medial setae.
Second podomere with 1 long dorsal distal seta. Third podomere with 1 short ventral
proximal seta, 1 long ventral medial seta, 2 ventral distal setae. Fouth podomere with
1 long, stout ventral distal seta. Fifth podomere with 2 short dorsal medial setae, 1
short stout, 1 short fine ventral distal setae. Main claw of seventh podomere stout with
pointed tip. Accessory claw nearly half the length of main claw, prominent serrations

from near ventral proximal end to tip of claw.

Md coxa with at least 4 lobate and 1 pointed teeth arranged in decreasing size
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from dorsal to ventral side (Figs. 3.10D—F). At least 6 accessory seta among coxa
teeth. Set of 5 teeth flanked by 1 setuled and 1 smooth setae at dorsal distal end and 1
setuled seta at ventral distal end. Four segmented Md palp. First podomere with 2
medial setae. Second podomere with 1 ventral medial and 2 dorsal distal setae. 2 long
medial setae at junction of second and third podomeres. Third podomere with 2 dorsal
medial and 1 ventral distal setae. 2 medial setae at junction of third and fourth
podomeres. Terminating claws of fourth podomere — 1 club-shaped (frilled with fine
bristles) and 2 smooth and pointed. Exopodite consists of 3 setae — 1 extremely long

and whip-like, 1 of medium length and bristled and 1 short and fine.

Mx palp 3 dorsal medial setae, 1 ventral medial seta and terminating club-
shaped claw frilled with fine bristles (Fig. 3.10G-H). First endite with 1 smooth
pointed stout claw, 1 shorter pointed claw with bristled tip and 1 smooth seta. Second
endite with 1 stout club-shaped claw fringed with bristles and 1 smooth seta. Third
endite with at least 5 terminating setae. Ventral accessory plate with 6 smooth setae
segregated proximally and with wedged-shaped terminations. Vibratory plate with 24
long, plumose setae. BO 2 asymmetrical segments with somewhat wrinkled proximal

ends and numerous fine terminating setae (Fig. 3.11A) .

L5 basis with 1+2 dorsal medial setae, 2+1 dorsal apical setae (Fig. 3.11B-C).
Vibratory plate with 13 plumose setae of decreasing lengths and 4 smooth setae
segregated proximally, with wedge-shaped terminations of ventral accessory plate.
Second podomere with 2 dorsal apical setae, third podomere with 1 dorsal apical stout,
pointed seta, fourth podomere with 1 short, stout, dorsal apical seta. Terminating claw

curved, slender, stout with a pointed tip.
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Figure 3. 9: Paranesidea sp. 2. Male. A. LV. B. RV. B". RV posterior end. Scale bars 200 um.

L6 basis with 1+1 dorsal medial setae, 1+1 dorsal apical setae, epipodite near
ventral apex 2 setae on a short segment (Fig. 3.11D-E). Second podomere with 2
dorsal apical setae, third podomere with 1 pointed, stout dorsal apical seta, fourth
podomere with 1 short dorsal apical seta. Terminating claw long, slender, curved with

a pointed tip.

L7 basis with 1+1 long dorsal medial setae, 1+1 short, fine dorsal apical setae,
epipodite near ventral apex 2 setae on a short segment (Fig. 3.11F-G). Second
podomere with 2 dorsal apical setae, third podomere with 1 pointed, stout dorsal
apical seta, fourth podomere with 1 short dorsal apical seta. Terminating claw long,

slender, curved with a pointed tip.

120

























































































































































































































































































































































































































































































































































































































































