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ABSTRACT - Benthic Osnacoda were recouered _fro* box-core samples collected during tlte ,
Tasman Sea and Southern Ocean (SV Pacifc sector). The distribution of 33 ostracod genera I
analysed in contact with the Circumpohr Deep Water (CPDW-Q-mode 

cluster and detrended ionttpon/"ntt analyses of the data partially su?port the obs,
genera haue spectfic thresholds controlled by water mAss characteristics. In fact, the subdiuision of i
by the ostrac-od assemblages. Concerning epi-faunal genera such as Bradleya and Poseidonamicu
iole in determining speitfc generic thresholds. Instead, the parameters controlling the distribur
IVithin the sedimeit,- the distribution pattern could be driuen mostly by the amount of organic r

At the spectfc leuel, R-mode deneided colrespondence analysis clearly shouts that distribution
the influtnit d the water-mass characteristics. Bono* npogriphy, deep oceAn currents and flux
tharaiteristics," tbus creating a complex network of ecologicaT groil;tnts.'Within each of the thrtt ,
analysis, the species-spectfii thruholds are not identical and often the range of the ecological gradt
those of the rirt tptiirt.-Most lihely, dynamics of co-occuning species tak/place and thire inaolue
the same trophic groupings.

RIASSUNTO - fOstracodi bentonici quaternari del Mar della Thsmania: distribuzione
bentonici sono stati rinuenuti in box-cores rnccolti nel Mar della Tasmania e nel Southern Oce
crociera oceanografica SO 136 drl R.V Sonne. E ttata studiata la disnibuzione di 33 generi (73

preleuati alle profondith relztiue alk Circumpolar Deep W'ate1 GPDW.- 
L'osseruaiione di precedenti autori che i-limiti uerlicali di mohi generi di ostracodi sono con

stata parzialmente confermata attrauerso l'utilizzo dell'analisi statistiTa mubiuariata Infani, la
dalle-associazioni ad ostracodi raggruppate attrauerso ln DCA (denended colrespondence analysi
CA (cluster analysis) rispecchiano solo parzialmente questa tripartizione. Per quanto concerl
uerticale, generi ipifuunaii come Bradleyi e Poseidonam icus sembrano essere influTnzati principa
mentre il"genere iifourole lfuithe sembra essere influenzan da una serie di paiametri to, and)*
sedimento, h distribuzione possa essere influenzaia dalla dimensione dei granuli, dnlk quantiti

Penetrano nel sedimento stesso.
A liuello specifico, la DCA mostra chiaramente che k distribuzione deue essere regohta da

d'acqua. La topografia del fondo, correnti oceaniche profonde e il flusso di materiq organica insi,

formano una itt/ cimplessi di gradienti ecologici. Ail'interno dei * gr"ppi identifcati, i limiti s7
gradienti ecologici tipici delh specie piil comuni non include quello delle specie ph rare. Molto pr'
influenz,ata da dinamiche di specie che ponebbero appartenere ad abri gruppi nofci.

INTRODUCTION

During the last two decades, several papers have
dealt with the quantitative relationship berween ocean
water masses and Quaternary benthic ostracodes
focussing on the Atlantic Ocean (Dingle et al., 1989;
Dingle 6( Lord, 1990), the Arctic Ocean (Cronin et
dl., 1994; Jones et al., L999) and the Pacific Ocean
(Corrbge, 1993; Ikea 6{ Cronin , 1993). Ayress et al.
(1997) compared benthic ostracod assemblages from
five different regions of the Indian and South Pacific
Oceans, includi.g the tsman Sea. They concluded
that the upper depth limit of main ostracod taxa is
closely related to water mass properties such as

temperature and saliniry but that no tax a are restricted
to a single water mass. In many cases, ostracod til(a
have been associated with different water masses in
different oceans, suggesting the need of further studies
to understand the factors controlling their distribution
(Cronin et al., 2002).

The samples used in this study were collected
during the TASQ\7A cruise, which took place from
mid-October to mid-November 1998 in the Southern
tsman Sea and the Southern Ocean (Text-fig. I ). At
28 different stations ranging from 42"5 to 57"5 and
from I46"E to 177"E, box-cores were successfully
recovered from water depths ranging berween 562 m
and 5009 m (Thiede et Al., 1999).
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Text-fig. I

The present  PaPer focuses on the ostracods

recovet.d from simples within Circumpglq Dg.p
'water 

(CPD\O (Text-fig. 2). The north-flowing

CPD\7 is subdivided intJ three units, distinguished

by chemico-physical Parameters (Thiede et al., 1999).

The upper CPDVu, occurritg between 1450 m to

d.pthr bf 2900 m, is charac-t.ttj..d by an oxygen

- i t t i -um (3.03-3.45 ml / l )  and by temPeratures

ranging between 1.60"C and 1.80"C.  The lower

CPbWi, which occurs down to depths of 3800 m, is

distinguished by ^ relatively !t_gb salinity (34.71-.

34.736/oo). The io*.r-ort CPD$fii is characterised

bv low temperatures (0.5'C-0.9"C) and high oxygen

.ont.trt of 4.70-4.80 ml/I. It occurs below 3800 m

and includes residues of the North Atlantic Deep
tWater, 'Weddel 

and Ross Sea Deep \7aters, the so-

called Antarctic Bottom 
'W'ater.

MATERTAL AND METHODS

\Within the CPD\7, 18 box-cores were recovered,

15 of which bearing ostracods (Te1t;fig.2).Th. surface

sediment samples i.t. dty sieved (6i0, 315, and 200

um mesh sizes) and all adult and juvenile Ostracoda

were picked from all the size fractions. This method

.nr,rrid that all adults and, depending on the sPecies,

several moult stages were obtained. Fiom a total over

11,000 valves, 3iostracod genera and 73 species were

recognised (see ApP.ldix).
fn. taxono-i, 

^ 
of the Ostracoda recovered from

the S Thsman Riie and the Emerald Basin samples is

based on Mazzini (2004), whereas the taxonomy of
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the Ostracoda recovered from the 6 samples from the

Camobell Plateau and the Challenger Pliteau is based

on Jeilinek & Swanson (2003). ThJrelative abundance

in p.r..tttage of the total assemblage ^was calculated

for 
^each 

spelies and used as the basis for multivariate

statistical inalyses (as recommended by Hammer' Pers.
com.) .

DrTNT,NDED CORRESPONDENCE AND CLUSTER ANALYSES

The statistical analyses were performed using ,h.

sofrrvare package PAST (ver. 1.15) (Hammer et ttl-,

2001). A� d.tt."tta.d corresPondence analysis (DCA)

was performed on the dati set in a- "T{ R-mode.

The lig.ttt'alues are 0.7689 for Axis 1 and 0-4628 for

Axis Z7 n first separation in three main grouPs. based

on water masses ihatacteristics can easily be achieved
(Text-fig. 3). The CPD$7u cluster includes 79.14o/o of

ilr. tot"f assemblage and is dominated by Krithe and

Poseidonrmicu.s.  Numer ical ly  i -Por tant  are

Cytheropteroy, prqdlga, .and RugoEthereis..gf the 30
gene ra  rnc luded  i n  t he  assemb lage ,  13  aPPear

Exclusively within the CPDVu. The CPD\fi cluster

inc ludes '  15.54o/o of  the tota l  assemblage.  The

dominant taxa are Krithe and Fallacihowelh, whereas

Legitimocythere and Poseidonamicus are numerically

iniport"ttt. On the whole, among the 20 ggngra
inciuded in the cluster, only 3 ar? typical of this

assemblage. The CPD\fii cluster includes 5.32o/o of

the total"assemblase, with Krithe and Falkcihowella

being dominant. 6f the l1 .genera included in the

clust'-er, only Polycope is rypicaf of this assemblage.
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Text-fig .2 -Topographic profile along
s a m p l i n g  t r a n s e c t
show ing  . t t - p l es
p o s i t i o n  a n d  w a t e r
m a s s e s  d i s t r i b u t i o n .
Empty c i rc les indicate
s a m p l e s  b a r r e n  o f
ostracods.'Water masses
and fronts nomenclature
as fo l lows:  SAM\f  =

S u b a n t a r c t i c  M o d e
W a t e  r  ( 4 0 0 - 6 0 0  m ) ;
AAI \7  =  Antarc t i c
I  n te rmed ia te  

'Water

(600- 1450 m); CPDTX/u
=  upPe r  C i r cumpo la r
Deep  Va te r  ( l  450 -
2900  m) ;  CPD\ f i  =

l o w e r  i C i r c u m p o l a r
Deep Vate  r  (2900-

3800  m) ;  CPD\ f i i  =

l owe r  i i  C i r cumpo la r
Deep'Water (>3800 m).
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Axis I can be correlated with several ecological
gradients, such as water depth, temperature and flux
of organic carbon but none seems to be the ruling
one. In the DCA plot (Text-fig. 3), the arrangement
of the points accorditg to the rwo main axes implies a
more complicated picture. In fact,  the shal lower
samples (1547 -2177 m) are spread along Axis I and
show small deviation from Axis 2 whereas deeper
samples (3022-4516 m) display an inverse pattern,
with the distr ibut ion of the assemblages mainly
controlled by Axis 2.

For a more detailed statistical analyses of the
structure of the ostracod assemblage, a Q-mode
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hierarchical cluster analyses (Text-fig. 4) and a DCA
(Text-fig. 5) of the total association were performed.
For the cluster analysis, the Chord distance measure
and the  un-we igh ted  pa i r -g roup method us ing
arithmetic average (UPGMA) were used. By selecting
a cut-off value of 0.1 for the across-cluster similariry,
samples were statistically discriminated into three
groups, which correspond only partially to the tri-
partition of the CPD\7 (Text-fig. 4).- 

Cluster A represents approx . 80.460/o of the total
fauna. It includes all the CPD\7u samples from the
South Tasman Rise and the Campbel l  P lateau,
although the two areas are separated in different
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Text-fig. 3
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Text-fig. 4 Q-mode hierarchical cluster analysis plot of the

complete data set. Capital letters indicate the clusters

ideniified bv a similariry cut-offvalue of 0.1. Numbers
J J

indicate samples. Peicentages of the total fauna

represented ar-e given for each cluster.

branches w i th  lower  va lues  o f  s im i la r i t y .  The

appearance of sample 156 (CPD\fi) itt this cluster is

d". to down-slope contamination by some species that
normally inhabit shallower localities on the South
Thsman-Rise. In particular, the small graphic distance
between sample I47 and sample 156 (Text-fig. 4) can-
be explained with the p_resence in both samples .of
dominant Krithe sp.9. The cluster is characteris.4 by
Rugocythereis tethfi and 4 species of Bradleya which
o.J,ri along the Campbell Plateau , by B. ?elembrina,
together wJth Poseidonamicus ocularis and six species
oi CytheruPteron, which occur only along the South
Thsman Rise (Text-fig. 5).

Cluster B represeirts around 18.50o/o of the total
fauna and is composed by a grouP of deeP samP!.t
occurrirg within 

^ 
CPD\fi and CPD\fii from the

South Thiman Rise and the Campbell Plateau (Text-

fig. 4).The dominant til€ are Krithlsp._! and sp. 3,
"id Legitimoqtthere geniculata (Text-fig. 5).

Cluiter C-is forried by the two samples from the
Emerald Basin (CPD\fii), rePresenting 1.04o/o of the
total fauna (Text-fi g. 4). The lssemblage is dominated
by Fallacihowella ip, A. and charaCterised by ,hg
presence of two Pblycope sPgges, not_.represented
elsewhere within the data ser (Text-fig. 5). Both til(a
were recovered with intact soft-parts anZ well-preserved
carapaces, confirming the eiperimental data that
ostricods can live alio in environments with low

carbonate content (D. Deckker, 2002).

DISCUSSION

Although a separation in three assemblages based
on watet -"ss chiracteristics is a good descriptive and
correlation tool, it provides almbst no information
about ecological gradients changing with water depths

and/or local ecological Parameters. The statistical
discrimination in thlee clusters only partially mirrors
the tri-partition of CPD\7 allowing the followitg
consideiations on selected til(a:

1) The genus Bradleya appears to be. highly

diversified within the CPDVu and CPD\fi along the
Campbell Plateau and the South Thsman Rise. Bradleya
is ot.  of the most diversi f ied genera along the
Campbell Plateau (Jellinek 6c Swanson, 2003) where
Rugocythereis tethys is particularly_ abundant within the

shilo*.t samples (.i 5OO m) (Mazzini, 2004). The

environ-etttai optimum of Bradleya and R. .tetltys
occurs in areas affected by warmer temPeratures, higher

organic carbon production rates 3li higher oY^g:."
content on the Cimpbell Plateau (Thiede et al., 1999).
For those rwo taxa, Cluster A rePresents extreme
environmental conditions.

2) Cytheropteron and Bradleya occur at similar water

depths, iarbon and carbonat. iotttent. Brad'leya is most

diversi f ied along the Campbel l  Plateau whereas
Cytheropteron dominates along the South Thsman Rise.
Th.it pt.t.t.. or absence must be driven Fl other
environmental gradients, which are likely linked to
feedl"g habi t l .  CytheroPteron is  considered a
carnlvorous genus,  scavenglng or  predat i tg-  on
Polychaeta (Hirtmann, I97 5). No direct observations
are available on the feeding habits of Bradleya but its
isotopic signature impliJs.,lh.., i t could- have an
opportunrst'ic behaviour, utilising a. variery of food
ront..t (Mazzini, 2004). Moreover, the shallower Part
of  the S Tasman Rise is  character ised by low
sedimentation rates, low terrestrial inputs and coarse
sediments (Connell 6. Sikes, 1997) whereas in the
Campbell Plateau high sedimentation rates Td high
terrestrial inputs are recorded (Jellinek 6a Swanson,
2003).
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3) The genus Poseidonamicus dominates cluster A
and Poseidonamicus species are rare in the other rwo
clusters. 

'S7ithin 
the associations from the Campbell

Plateau, Poseidonamicus is never the dominant species
(Jellinek 6{ Swansofi, 2003). Poseid,onamicus has its
envlronmental optimum within the CPD'Wu, showing
to le rance to  lower  oxygen conten t  and lower
temperatures in comparison with Bradleya.

4) The genus Krithe displays the most euryoecious
character being abundant when not dominant within
all the clusters. On the contrary, Krithe species display
a stenoecious character, separated by different ecological
thresholds, since different species occur within different
clusters (Text-fig. 5). Being an infaunal genus (Maioran
& Agrenius, 1995), it is probable that Krithe relies on
the s-ediment grain size, on small quantities of buried

R-mode DCA plot of the complete data set. The three clusters are indicated by segments on tht
areas include species belonging ,o rwo clusters with an occurrence >0.5o/o. Numbers in italic
right corner correspond to samples. Dominant taxa are named. Bold and grey numbers cot
Appendix. Bold numbers refer to the most common taxa and are differentiated by symbols on t
on plot).

organic material or, additionally, on the microbial
assemblage occurri.g within sediment interstices. On
the oth.r"h"trd, the fl.t that the Krithe genus is widely
distr ibuted in samples characterised by dif ferent
sediment rypes mirrors the high grade of specialisation
of the single species. This high tolerance of Krithe can
only partially be linked to the infaunal microhabitats
of the species. In fact, the epibenthic Fallncihowelh
caligo displays a comparable tolerance, being common
in 14 of the 15 samples. The adaptation of this species
to different ecological gradients is enhanced by its
central position in the R-mode DCA plot (Text-fig.
5). Coinciding with the dominance of F. caligo, other
species with lower adaptabiliry such as Legitimocyhtere
genicuArf disappear. They become dominant when E
caligo is just a co-occurring species, as in cluster B. It
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is not clear whether the variations in the dominance
of E caligo are linked only to environmental gradients
or also to the appearance of competitive species.

These considerations are aPProPriate to the studied
area and are limited by the^ irn"tt number of sites.
Additional research on the same or nearby areas'
covering different environments, could contribute to

a better"understandi.g of the resPonse of ostracods to

local environmental giadients. For a co_mparison with

Quaternary ottt".od fauna from other areas, the

distribution data compiled by Dingle & Lord (1990)

and Ayress et al. (I99i) were used.The data from the
Aneola Basin (Atlantic Ocean) (Dingle & Lord, 1990)
".J from the Central Thsman Sea (Ayress et al., 1997)
were chosen for a comparison with the data-set here
presented (Text-fig. 6).-Although such a comParison
is complicated bt taxonomic problems concerti"g
many of the most abundant deep water taxa (i...

Henrlhowella, Legitimocythere, and Poseidonamicus
"-orig the oth.ttf the foiloyitg considerations could
be ma? e. Krithe, Henryhowella, ind its homeomorPlli.
genus Fallacihoutella ̂ re dominant or numer::ally
important in both NAD\7 (North Atlantic .Deep
Vater) and CPD\7 (Text-fig. 6). Rugocythereis,
Poseidonamicus and Legitimocythere have a shallower
upper  depth  l im i t  (UDL)  in  the  Tasman Sea.
Psiudo boiquetina (*hich should correspond to

Text-fig. 6 - Vertical distribution of
kev ostracod taxa at
d i f f e ren t  l oca l i t i e s .
A)  Tasman Sea ( th is

s tudy ) ;  B )  Cen t ra l
Thsman Sea (modified

from Ayress et  a l . ,
1997 ) ;  C )  Ango la
Basin (modified from
Dingle & Lord, 1990).

Pterytocythereis mucrlnAlatum and Bosquetina
*utTina-latum in the central Thsman Sea and the

Angola Basin respectively) is a numerically important
to5tr at depth eiceeding 3000 m in all the sites, but

in the Cential Tasman Sea its UDL is slightly shallower.
The distribution of Duitotella suhmi in the Central
Thsman Sea is much shallower than in the other two
sites where several species are grouped under a generic
Dutoitella. Finally,- Bradleya and CytheroPterzn are

numerically important only-in the Tasman Sea samples,
whereas they db not appear in the other rwo sites.
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SPECIES SAMPLES l 9 25 3r 82 EE r t 0 l l 6 r3E 140 l 4 l t47 153 r56 t 6 l 165
I Atnfuytherc sinmsaMezat (in press) 6 3 l 0
2 Anchisnoclelq? cf.A.? rculeaac.W. MUtr-En 1908 9
3 Apatihovvella ntstiu Jeu-omx & SweNsoN 2003 t2 t 7
4 Apilnvellaq. 7
5 Australreiaq. 6 2 24 6
6 Avemvulvucf. A. otortica (G.W. MUu-ER 1908) 7
7 Bairbppilataq. l 9

8 Bdlqu ary Jsuwex & SwnNsoN 2003 34 69 t 4
9 Brdlqv dbtyon @neov 1880) t 4 8 9 29
l 0 Brdlqu glaba Jeu-wn<& Swnxsox 2003 I t22
l l Brdlqu nrcembrinaMsznn (in prcss) 24 223 3 I E 85 I t 4
t2 Brdeya pTforata Js-mmr & SwnNsoN 2003 6 l 20 l l

l 3 Brdleyu prynea WHnrLEy, HARLow, DowNn rc & KEst-ER I 9E4 3
l 4 Blhocyyis q. 4 26 I 3 30
l 5 Cyhoalison ulau Jru-wer& SweNsoN 2003 2
l 6 Cytleralbonq. I 2
t 7 Cyherellaq. l 0
r 8 Cytlwoptoon carytaldiras Mezavl (in press) 3 I 1 6 8 l 5 60 37
l 9 Cytlrcrcptoon diblos Mezavl (in press) 5 3 t 4 I 20
20 Cyhercptaonq. A l l ) 1 5 3 2'7 74
2 l Cyhercpteronq.B 5 6 42 &
22 Cythaoptercnq.C 6 I I I

23 Cytlwopterunq.D 22
24 Cyhooptercnq.E 3 2 l 4
25 Debissonia foutaa JeI-msn< & SwaNsoN 2003 27 7 104 7 l 60
26 Debissoniaq. I 2 3
27 Dutoitel la sphqlou n. q. 69
28 Euqttlweq. 39 I I

29 Fallrcihotyella caligo Jeu-uvnc& SwnNsoN 2003 2 20 23 5 & 75 26 47 224 82 82
30 Fallrcilnwellaq. A l 9 22
3 l Fallrcihowellaq.B 23 2 l 29 4
32 Hdeyv ansoni(WHeruY, DowN[rG, KeEs-eR& Heru,ow 1986) 4 6 4 2 44

33 Hsley fuvi&on JEU-$IEK& SwnxsoN 2003 79
34 Huleyuq. 5 30 60 33 t43
35 Hemiq,thmtraq. 4
36 Krithe q. I t74 l l 8 23
37 I0itlresp. l0 5
38 Kritle q.2 89 6 l 6

39 Kritheq.3 3 I r0 344 240
40 Kritheq.4 42
4 l Kritheq.5 42 7
42 Kritleq.6 24 454 26
43 Kritle q.7 6 559 r 6 l 8 l
4 l Kritheq.E 3
45 Kritlrc q.9 5 1 3 r56 eezl 4 e T
46 1 t qititrwyttvrc rcotherna(BRADy I E80) 5 tt2 t2
47 taittnoqtlwe gmiaiata Mnzaq (in pess) 1 6  l 89 40 t 8
48 1 Iattinrcytlwreq.B 2
49 Iaittnrcythoeq. 3 l 5 3 4 l 5
s0 l Mrcrcpyxis q. I 5 l 0
5 l Ityreruq. 20 1 2 l 0
52 Pelecoqthqe gallen WHATLEv, CHADwIctq Conr& Tov 1988 9
53 Pelecrcythte q. 3 4
s4 l Phrcorafutus sp. I 7 9
55 Philoneptwats Fbolorns ltttqzrul (in pas) 5 5 t 4 75 l 0
s6 l Philonepturus Wn irlostzs WI{ATLEv, MusoN & A\T,Ess /992 l 7 4
57 Philoneptwas W. juv. l l

58 PolltcoPq. A 6

59 Polyropq.B 4
60 1 Poseidonanricu.scf. P. anteropunclatusWHtrlrY DowNtNc. KneslEn& Henlow 1986 | 6 t 4 9
6 l Poseifurwnbur mrybr BENSoN I 972 33 70 1 roo I 2
62 Poseihnoniats mircr BeNsoN 1972 2 l 3
63 Poseifononias rculois WHATIEy, Dowuwg IGEgrn& Hnruow 1986 26 4 e04 | t75 t32 47
64 1 Poseifunoniats q. l 5 t 7 72 1 2l l I E 60 1 33
65 Psafubsquetitu nobilis Mnzmt (in press) s4 l
66 1 Rockalliaq. A 2 l t
67 1 Roclcallioq.B 8
68 1 Rotrtt&uytlvrz q. 2 6 4 7 l 0  l
6 e l fuguythereis lnrrifu (Wxnnrv & CCI-ES I 987) 4 e l ztt I 2 t2 5
70 1 kgeytlrerds tethlnMezm (in press) l 6 1 6  l l 3 n+ l 4 8 l
7 l tuidaW. 6

72 1 fthlqochilus cf. S. renformis G.W. MIlrrrR 1908 7 36 1 3
73 Xatolefurlsq. I 8 20 1
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