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Population Genetic Status of the Western Indian Ocean

What do we Know?
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Abstract—Popul ation genetics offers a useful technique for studying the population structure
of marine organisms and has relevance to both systematics and the conservation of biodiversity.
The Western Indian Ocean (WI0) isfaced with increasing evidence of degradation and effective
management initiatives are needed to curtail the environmental decline. The management of
the WIO region can therefore benefit from the information that popul ation genetics can provide.
Extensive literature searches revealed only 31 genetic references for the WIO region. From a
biogeographic point of view, the WIO shows little genetic exchange with the rest of the Indo-
Pacific, but from a regional perspective, the limited information that exists points towards
widespread genetic structuring in the reefs off tropical Africaand the Indian Ocean islands, and
greater connectivity amongst southeast African reefs. However, much more information is
needed in the region before the true strength of population genetic data can be used asaprimary

tool for management.

INTRODUCTION

Tropical marine systems are amongst the most
biologically diverse ecosystems, representing
critical resourcesto millions of people worldwide
(e.g. tourism, fisheries, coastal protection). Despite
their importance, tropical marine environments
have been and continueto be challenged by an ever
increasing number of both global and
anthropogenic influences. For example, recent
measures indicate that the abundance of healthy
coral reefsworldwide isin decline, with as much
as 37% of healthy coral reefs aready lost and an
expected 30% more to be lost over the next 10 to
30 years (Wilkinson, 2000). Whatever the system,
whether coral reefs, seagrasses or mangroves, the
general consensus appears to be that tropical
marine systems are in decline (Jackson, 2001).
The Western Indian Ocean (WI0O) forms a
coherent subdivision of the tropical Indo-Pacific
(Sheppard, 2000), and thus represents an important
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biogeographic region of tropical seas. In spite of
this, Kenya, Mozambique, Somalia, South Africa,
Tanzania, Comores, Madagascar, Mauritius,
Reunion, and the Seychelles have shown major
obvious signs of environmental degradation, as
well as declines in natural resources and
biodiversity (Berg et al., 2002). Accordingto Berg
et al. (2002), poverty combined with rapid
population growth and a poor understanding and
management of coastal resources hasresulted in a
number of resource use problems in the WIO.
Theseinclude habitat destruction, overexploitation
of fisheries, human induced erosion, and pollution.

Successfully managing the impacts facing the
WIO and tropical marine systems in general will
therefore depend in part on gaining a better
understanding of the factors and processes
involved in shifting between healthy and degraded
states. Information on the population dynamics
of tropical marine organisms therefore seems
crucial to thisunderstanding. Most marine species
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have life histories that include at |east one widely
dispersive phase and populations of marine
organisms are therefore typically perceived to be
much more open than their terrestrial counterparts
(Roberts, 1997). This assumption is based on the
generalization that marine specieswith long larval
phases are thought to disperse further, have higher
gene flow, larger geographic ranges, and lower
levels of genetic differentiation among popul ations
(Féral, 2002). However, recent genetic research
appears to challenge this long-held view of
‘openness’ in marine systems because genetic pools
of widely distributed species are rarely
homogenous from one end of their distribution to
the other (Reeb and Avise, 1990; Hilbish, 1996;
Ayre and Hughes, 2004). For example, Ayre and
Hughes (2004) showed that, by studying five
species of scleractinian corals, the reefs at Lord
Howe Island are genetically isolated from those
700 km to the north on Australia’'s Great Barrier
Reef, despite the southward flowing direction of
the East Australian current.

The new found challenge of the ‘openness’ of
marine populations may be due to several
nonrandom factors, and genetic adaptation in the
marine environment may therefore occur through
ecological and geographic limitations such as
dispersal capability, niche partioning and/or local
adaptation (Hedgecock, 1986; Féral, 2002).
Whatever the reason, population genetics offersa
useful advance in the understanding and
management of marine systemsastherelationship
between the dispersive ability of organisms and
the genetic differentiation of populations not only
provides afundamental link between ecology and
evolution (Ayre and Hughes 2000), but measures
of genetic relatedness al so represent aproxy to the
extent of recruitment that isoccurring between two
areas.

Regionaly, threeimportant research directions
for popul ation genetics have been outlined, albeit
for southern Africa (Grant, 1993). These include:
(1) the measurement of population genetic
structure; (2) the study of theinfluence of historical
biogeographical eventson present day populations;
and (3) the use of more realistic models to
understand the genetics of natural populations
(Grant, 1993). Given these research objectives,

and the applicability of population genetics to
management in both marine and terrestrial realms,
it was decided to search the scientific literature to
determine the level of population genetic
information that is available for the WIO region.
This paper therefore provides a synopsis of what
population genetic information is currently
available in the forefront scientific literature for
the W10, and whether there is sufficient
information to start challenging current regional
management paradigms.

MATERIALS AND METHODS

Literature searches were performed using ISl WWeb
of Science (1990 to March 2004) and Cambridge
Scientific Abstracts: Biological Sciences
Collection (1981 - March 2004) databases using
electronic library resources from the library
facilities at the University of Queensland,
Australia. Both these databases provide accessto
current and retrospective multidisciplinary
information from greater than 6 000 of the most
high impact research journalsintheworld. Three
search parametersweretested: (1) “Western Indian
Ocean”; (2) “Western Indian Ocean” and
“genetics’; (3) “Indian Ocean” and “genetics’. In
addition, Marine Biology (1993 to March 2004),
Coral Reefs (1993 to March 2004), Evolution
(1995 to0 1999), Molecular Ecology (1996 to March
2004), Ambio (2000 to March 2004), the South
African Journal of Marine Science (2000 to 2003),
and the Western Indian Ocean Journal of Marine
Science (all issues up to March 2004) were
searched using electronic library resources from
the library facilities at the University of
Queensland. These journals are known to be the
major resources of marine genetic and/ or regional
information and were therefore included for
completeness. Due to the common difficulty of
accessing ‘grey literature’, only the primary
scientific literature was utilized in this study.

RESULTS AND DISCUSSION

A total of 31 references were identified by the
search criteria(Table 1), however 11 of thesewere
deemed not relevant to the purposes of this study
(references 21 to 31 listed in Table 1). Of the



POPULATION GENETIC STATUS OF THE WESTERN INDIAN OCEAN

(¥002) ‘e 1 IeS 'I€ peus es|IH BUS||esoenua | aeppdn|o epRployo
(0002) "Te 1 moyo "0g eun aksbig SNsago snuuny L 2epguods eEpIoyD
(966T) "[e o Alone 62 (o U200 ole|snbiig Jepliigouso) epodoiyuy
(To02) "fe 1 Bueyd gz anolbue ppuecelppuey  Jesdeloydoziyy elfydoidens Ajuo ues0Q Uelpu| ueISeq
(¥66T) "fe 18 Uamog */Z 81Ny ess peayebito] eleled BIRRD gepliuopyd erpioyd
(Tooz) “fe 1o uemog "9z ustyedwini "dds snwosony sepiwoisoiny epepioyo
(266T) 1WeID pUe Uamog ‘Gz preuyd|id dds sdoulples Jepedn| eRpIoyo
(¥66T) "[e 1o Ueidels 2 us1ye0 'dds sAypipio| NN aepl|iniA epeployo
(£002) ‘e @ soIss9 ‘€2 uiyaIn "dds sesneud i gepnsneudoxo ] elewW.BpouIydg
(To0Z) e 1sossa '2e uiyaIn pauids-fuo "dds ewspelq Jeplewspeld elewapouiyo
(866T) ‘e PNA ‘12 anoJbuew e |g ‘dds eluue2INY Jeadeyuedy e1Aydoidans uonnjore pue Aydeiboabo|Ayd
(£66T) "Te 1 MoyD 02 Ustyplovs sejpe(b sewydix aepliydix eRployo
(c002) "1e 1o prio|ddy 61 eun) aAsbig SNSS00 snuuny L JeplquIods eRpioyo
(866T) '[e 1 Jowaig opeleA|Y ‘8T eun 8/ab1g SNsago shuuny | Jepliquiods eepioyd
(ro02) ‘re e Aeg LT ustyolred peaye|ing SNPIPJOS SNINJOJYD epleds eepIoyd
(866T) "[e 1o 1550y "9T B|Inw pading sneydso BN Feplibniy eRpioyo
(0002) "Te © UsslepuY ‘ST 1095U1 21UE300 ‘dds sereqoeH aepluro epodoiyuy
(666T) "fe 1 0xusINdoD HT gqelo pniy eprLRs (A0S Jepiunliod epodoiyuy
(666T) Iqwnped pueepnq €T umeld Jebn e|g uopouoWw snaeusd gepeeusd epodoiyuy
(Zo02) ‘e walzueg T umeld Jebn xae|g uopouoWw snaeusd gepeeusd epodoiyuy
(666T) @1zUdg "TT  USI}eIS SUIOY}-JO-UMOID pue|d oiseyiuedy  SeplLISeyIUBdY  BIRWBPOUIYDS
(866T) a12Udg pue stel||IMm ‘0T Usipesanig epbiAse|eppull  Sepleiseipiydo eRwRpouIyd3
snjouoJo|yo sndoyons
(To0Z) e BaXoIIN 6 lBgunono ees el eLnylojoH deplnyiojoH eRWBpOUIY
(€002) @1zUeg pue 1IN '8 lBgunonoees si|igouelNyiojoH JeplnyiojoH elewepouIyd
(2002) ‘Te 1 o|preIONZ 1 gebe olyeq pey esojuBULe |1} eIpLAdS Jeaoe|Wes) eihydopoyy
(z002) 3BUING "9 ae|pyuexooz 'dds wnipoiquAs  eadelulpoiquiAs BRIV Ayde.boabolg
(c002) uujuep pue ikl G e pniN eplRse||A0S depiuniiod epodoiyny
(666T) ‘e ®SeqIod ¥ umeld Jebn xe|g uopouow snaeusd gepeeusd epodoiyuy
(866T) "fe 1 Aembpry € Bdwi| e nuels suelnuel6 e|prd Jepl|eled BSN|ION
(266T) "2 B 1RID 2 fssnw umolg euledeuked aepInAN BISN| 0N
(T002) ‘e ® Aembpiy T 12400 LI ©esoon.ieA elodo||100d gepuiodo||100d eLEpIUD Ao soipusb uoirendod
Uead Uelpu | UISISSAN
20U Py aweu uowwo) so10ads Ajwred wnjAyd JUBI0D

ues00 UeIpU| 1S9\ 8Y1 Ul S9109ds 01S30UR JoJo 1 9119Uab Uoirendod ‘T a|qel



4 T. RIDGWAY AND E. M. SAMPAYO

remaining 20 studies, all have appeared in the
literature in the past six years, and examined
variation in allozymes, mitochondrial DNA, or
intron variability in nuclear DNA.

The starfish Linckia laevigata showed that a
single Western Indian Ocean (WIO) population
from South Africa was distinct from populations
off Western Australia (Eastern Indian Ocean, EIO)
(Williams and Benzie 1998), providing an early
suggestion of adivide in the Indian Ocean. This
tentative genetic break was further substantiated
by the crown-of-thorns starfish (Acanthaster
planci), which showed similar patterns to L.
laevigata, however the genetic differentiation
among populations in the WIO was higher than
thosein the Pacific, indicating that the populations
in the Pacific appear more connected (Benzie,
1999). The WIO-Pecific divide was also loosely
substantiated by the holothurians Stichopus
chloronotus, Holothuria atra and H. nobilis
(Uthicke et al., 2001; Uthicke and Benzie, 2003),
but unlike A. planci, the genetic variability of S
chloronotus at Reunion was low.

However, the most comprehensive species
specific genetic information that is currently
available for the WIO comes from the black tiger
prawn, Penaeus monodon. Duda and Palumbi
(1999) looked at intron variability at multiple Indo-
Pacific sites that included Madagascar, Mauritius
and Tanzania, whereas Benzie et al. (2002) also
looked at multiple sites in the Indo-Pacific
(including South Africa, Mozambique and
Madagascar) but used mitochondrial DNA.
Interestingly both studies, using different regions
of DNA, independently showed that the WIO
populations were genetically distinct from their
EIO and Pacific counterparts. However, the genetic
diversity of southeast African populations wasthe
lowest of all populations studied (results mirrored
by Forbeset al., (1999)), whichisin direct contrast
to the WIO populations of L. laevigata (Williams
and Benzie, 1998) and A. planci (Benzie 1999).

Further evidence for this WIO-EIO divide is
provided by studies on various species of fish.
Allozyme studies of the striped mullet (Mugil
cephalus) showed that the WIO sitesin Egypt and
South Africawere genetically separated from those
off the coast of West Australia (Rossi et al. 1998).
Using mtDNA, Alvarado Bremer et al. (1998)

showed Atlantic stocks of bigeye tuna (Thunnus
obesus) to be distinct from those in the Indo-
Pacific. However, only a single collection from
Reunion was considered representative of the
Indian Ocean. Including additional samplesfrom
Madagascar and the Seychelles and using
microsatellites in addition to mtDNA, Appleyard
et al. (2002) found some evidence for aWlO-EIO
divide in T. obesus, further dividing up the
worldwide stocks. A similar pattern wasfound in
another fish group, the reef fish species Chlororus
sordidus (Bay et al., 2004). In C. sordidus,
populations from Amirante and the Seychelles
have no shared mitochondrial DNA haplotypes
with the EIO and the rest of the Pacific (Bay et
al., 2004). Furthermore, even red algae (Spyridia
filamentosa) and oceanic insects (Hal obates spp.)
from WIO sites show limited gene flow with the
Pacific (Andersen et al., 2000; Zuccarello et al.,
2002).

Thus, the limited number of popul ation genetic
studies of species in the Indian Ocean typically
shows little genetic exchange between the WIO
and the EIO. In contrast, there was no significant
difference between mitochondrial DNA sequences
from swordfish (Xiphiusgladius) popul ationsfrom
the Indian Ocean and the South Atlantic and
Pacific (Chow et al. 1997). However, the Indian
Ocean contained only a single location in Sri
Lanka and therefore the pattern is not really
representative of the WIO region as a whole.
Additionally, mud crab (Scylla serrata)
populationsfrom the Red Sea, Mauritiusand South
Africashowed no genetic separation from Pacific
Ocean populations, leading Gopurenko et al.
(1999) to hypothesize that unlike other Indian
Ocean populations, radiation of S. serratta in the
Indo-West Pacific occurred asasinglerapid wave
of expansion, possibly originating from a west
Pacific origin during the late Pleistocene.
However, dueto the small sample sizesof theWIO
populationsin Gopurenko et al. (1999), Fratini and
Vannini (2002) express caution with this finding
of low differentiation, because using the same
DNA marker they found significant genetic
structuring in S. serrata popul ations sampled from
Kenyaand Tanzania, highlighting the importance
of ecologically meaningful samplesizesin marine
population genetic studies.
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An interesting regional case is the study of
Burnett (2002), who assessed latitudinal variation
in algal symbionts (Symbiodinium spp.) from the
Indian Ocean zoanthid Palythoa caesia.
Surprisingly, whilst some Symbiodiniumgenotypes
are geographically widespread, populations of
WIO P. caesia have different algal complements
from their EIO relatives. All WIO samples
(Mauritius, Rodrigues, Zanzibar, Seychelles)
contained only clade C genotypes, whereas EIO
populations contained a combination of clade C
and clade D genotypes (Burnett, 2002). As P.
caesia acquires its symbionts directly from the
environment, the failure to observe clade D in the
WIO may reflect either an ecological difference
fromthe EIO, or perhaps areduced environmental
availability of this clade relative to clade C
(Burnett, 2002). Interestingly, samples from the
Maldives had a mixture of both clades and
therefore superficially appear more similar to the
EIO. However, as light is considered to be the
major contributing factor to determining
Symbiodinium clade in a host, the fact that the
Maldives samples were collected from greater

depths than the other WIO samples, may explain
the occurrence of clade D (supposed EIO clade),
as this clade is known to favor lower light
conditions (Burnett, 2002).

Nevertheless, based on the published literature,
which includes population samples from South
Africa, Mozambique, Tanzania, Kenya,
Madagascar, Amirante, the Seychelles, the
Maldives, Reunion, and the Red Sea (Figure 1),
there appears to be limited gene flow between the
WIO and the rest of the Indo-Pacific. This is
interesting in that based on currently available
population genetic information, further support is
added to Sheppard’s (2000) justification (based on
the biogeographic patterns of corals) that the WIO
isadistinct subdivision of thetropical Indo-Pacific.
Given the patterns uncovered and the uniqueness
of the WIO as a genetic sub-region of the Indo-
Pacific, regional population genetic studies
therefore are al the more important and key to
management initiatives in the W10 region.

Unfortunately, the numbers of published
studiesthat address purely regional WIO questions
are extremely limited. The searches used in this

I X S

1_Red Sea®™'
<

f’qﬂ_#

-'

Kenya

Seychelles®'""
Amirante

*613Tanzania

Reuniong®81°

‘L/

Maldives"

*"Mozambique, ,,.fﬂ Madagascar*'>'*

Mauritiug5&1"13:14

South WIO : EIO
Africg!23451011,12.14.16 Sri Lanka -
Chagos line

:

Fig. 1. Map of the Western Indian Ocean showing locations where genetic information is available. The numbers

represent therelevant references numerically listed in Table

1



6 T. RIDGWAY AND E. M. SAMPAYO

study found only five regional population genetic
studies. Of these, Grant et al. (1992) and Ridgway
et al. (1998) focus on biogeography of intertidal
invertebrates along the coastlines of Namibia and
South Africa, and thus have no applicability to the
WIO. Nevertheless, Ridgway et al. (2001) did
show little genetic structuring in six populations
of the coral Pocillopora verrucosa from the reefs
off South Africa, a result that was mirrored by
Forbeset al. (1999). Forbeset al. (1999) show no
genetic differences between Penaeus monodon
populations from South Africa, Mozambique and
Madagascar, which is in agreement with the
findings of Duda and Palumbi (1999) and Benzie
et al. (2002). Fratini and Vaninni (2002) found
significant genetic differentiation among five
sampled populations of Scylla serrata, with the
Red Sea populations being completely isolated
from those from Mauritius, and both these two
populations were in turn almost completely
isolated from those from Kenya and Tanzania.
Furthermore, the tropical African (Kenya and
Tanzania) populations were not homogenous,
rather showing population genetic structuring,
thereforeimplying that gene flow may be reduced
even between geographically close sites.

While only three useful WIO specific
population genetic studieswere found in this study,
information from WIO popul ations from the more

comprehensive biogeographic studies of Benzie
(1999), Uthicke et al. (2001), and Williams and
Benzie (1998) can be extracted to provide a more
comprehensive picture (Table 2 - only studiesusing
the same genetic analyses, i.e. allozyme
electrophoresis, are compared). Based on genetic
variability within populations and genetic diversity
indices, it appears that within the WIO region,
southeast African marine populations lack
significant population structuring, whereas
populations off tropical Africa, the Red Seaandin
the more tropical Indian Ocean locations appear
to show reduced gene flow and hence more
population structuring. However, moreinformation
is needed to explore this hypothesis further.
While popul ation genetic data has been shown
to yield useful information to aid in the
conservation and management of most biological
systems, the genetic studies of marine popul ations
has made limited progresswhen compared to their
terrestrial counterparts. Nevertheless, the applied
aspects of such population genetic research to the
marine environment is enormous and spanstopics
such as stock identification and management,
marine aquaculture, creation of marine reserves,
conservation of coastal zones, taxonomy, and
ultimately the protection of species (Féral, 2002).
One of the most important applications of
population genetic principlesisthe understanding

Table2. Summary of allozyme electrophoretic data from population genetic studiesin the Western Indian
Ocean. F = genetic variation within populations; N/A = not possible to get information from published study

Species Population Mean observed % polymorphic Fs Reference
heterozygosity loci
Stichopus chloronotus  Reunion 0.198 20 -0.536  Uthicke et al. (2001)
Acanthaster planci South Africa 0.200 66.7 N/A Benzie (1999)
Mauritius 0.089 333 N/A
Maldives 0.106 66.7 N/A
Linckia laevigata South Africa 0.375 N/A N/A Williams and Benzie (1998)
Pocillopora verrucosa  South Africa 0.145 100 0.026  Ridgway et al. (2001)
Penaeus monodon South Africa 0.102 72.3 0.197*  Forbeset al. (1999)
Mozambique 0.115 77.8 0.197*
M adagascar 0.088 66.7 0.197*

* Data not available for individual populations. Data cal culated from pooled populations.
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of connectedness among populations of a species.
This is particularly important and relevant for
regions such as the WIO, which spans numerous
different geographical boundaries, and is
experiencing rapid environmental degradation that
would benefit from urgent large scale management
initiatives.

The design of marine reserve systemsrequires
an understanding of larval transport in and out of
reserves, whether reserves will be self-seeding,
whether they will accumulate recruits from
surrounding exploited areas, and whether reserve
networks can exchange recruits (Palumbi, 2003).
Direct measurements of mean larval dispersal are
needed to understand connectivity in a reserve
system, but such measurements are difficult due
to logistic problems of tracking marine larvae.
Genetic patterns of population structure and gene
flow have the potential to add to direct
measurement of larval dispersal distance and can
hel p set the appropriate geographic scaleson which
marine reserve systems will function effectively.
Ridgway et al. (2001) made an initial attempt at
gaining such data by looking at the population
genetic structure of Pocilloporaverrrucosaintwo
already established marine reserve zonesin South
Africa, and found that all reefs were genetically
homogenous. However, itisstill too prematureto
make predictions from such studies and there is
therefore a need to gather management directed
population genetic datain the WIO if we hope to
challenge the current degradation.

In conclusion, we are still far from addressing
the research goals outlined by Grant (1993)
(measurement of population genetic structure;
influence of historical biogeographical events on
present day populations; and the use of more
realistic models to understand the genetics of
natural populations), as very little population
genetic information is currently available for the
WIO region. Theinformation that is availableis
not comprehensive enough to address any major
management initiatives in the region. However,
given the applicability and usefulness of such
information to understanding the population
structure and exchange of organisms, there should
be an imperativeto rapidly gain information of this
typeintheWIO. Further studieswill not only build

onto thelimited picturethat isavailable at present,
but more importantly can be used to drive much
needed management decisions and implementation
in the region. However, stating that more
population genetic information is needed in the
WIO does need to be put into perspective given
that genetic analyses do require certain
infrastructural requirements and technical expertise
that are mostly underrepresented in the region.
Thus, perhapsit is necessary to set up international
collaborations, internships and scholarship
initiatives in the WIO whereby local researchers
and students can undertake management driven
research in the region but the laboratory analysis
and support can come from overseas and/or the
limited number of local laboratories that are
established for such analyses. Not only will
information be transferred and technical expertise
gained, but the much needed population genetic
data will also be generated.
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