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Abstract: A set of images of xenospheres are presented. These are anomalous coccospheres bearing coccoliths of two or more
coccolithophore species. Unlike combination coccospheres, these are almost certainly the proaktatsoofenprocesses.

Possible mechanisms of formation are discussed, and comparative examples of unambiguous agglutination by tintinnids and
foraminifera, and in pellets, are illustrated. The need for caution in interpreting putative combination coccosphergktischighli

Introduction agglutination of coccoliths by a small protist. This can
There have been occasional records of anomalous coccospherggtentially occur either in the water-coluneng by tintinnids:
bearing coccoliths of two or more apparently discrete specie®roerse, 2000; Winteet al., 1986) or in the sedimeng.g.by
almost since the beginning of study of coccospheres (Lohmanrggglutinating foraminifera: Murray, 1991; Widmark &
1902; Kamptner, 1941; Lecal-Schlauder, 1961). These havélenriksson, 1995); (3) incorporation of coccolithsfaecal
attracted a range of speculations on possible causes but recenfigllets We illustrate here a few examples of xenospheres, both
it has become clear that many examples record life-cycleas curious anomalies which may yet provide information on
transitions. Most of these life-cycle transitions record changecertain processes, and as examples of the real need for caution.
between heterococcolith-bearing and holococcolith-bearingln addition, we illustrate a few tintinnids and faecal pellets and
stages (Kleijne, 1991; Thomsenal., 1991; Crogt al, 2000a; an agglutinating foraminifera for comparative purposes.
Geiseret al, submitted), whilst others combine heterococcoliths

and nannoliths (Crost al, 2000b; Sprengel & Young, 2000). Examples
These combination coccospheres are providing invaluable Emiliania huxleyi and Gephyrocapsa oceanica
evidence of life-cycle associations and so valuable insights into Plate 1, Figures 1-2

the ecology, phylogeny and fine-scale taxonomy of This specimen was found in a plankton sample from the Alboran
coccolithophores. However, as Cetsal. (2000a) noted, there  Sea, western Mediterranean. It consists of numerous specimens
are other ways in which different coccoliths can end up on singleof E. huxleyiand a single specimen Gf oceanicaAlthough
coccosphere. So, careful assessment of each individual casetlsis looks at first glance like a regular coccosphere, two features
needed before an interpretation of a life-cycle association isupport the interpretation of it as a xenosphere. FirstlyEthe
accepted. huxleyicoccoliths show an anomalously wide range of variation
in degree of calcification, size, and central-area structure.
The phenomenon was discussed during the terminologySecondly, the coccosphere also includes a piece of tubular debris
workshop at the 1991 INA Conference in Prague, where thevhich underlies one of thE. huxleyicoccoliths and extends
term ‘xenosphere’ was proposed (by Jackie Burnett) andbetween the shields of thH8. oceanicacoccolith. It is not
consequently formally recommended in the terminology guidepossible to determine whether this is a coccosphere which has
which eventually followed (Younet al, 1997). It was defined accumulated additional material, or a pseudo-coccosphere
there in (p.877) as follows:Xenosphergnew, from Greek  produced by some other organism, but it seems very unlikely to
xenosstranger} - anomalous coccosphere containing coccolithde a true coccospheies. a sphere of coccoliths produced by a
normally regarded as forming on quite discrete species (e.gsingle coccolithophore cell, or inherited from the cell which
Emiliania huxleyiand Gephyrocapsa oceanic&Vinter et al gave rise to it.
1979). N.B These are very probably artefacts, the term is
suggested specifically to suggest the abnormal nature of thes& few other spheres have been illustrated, including coccoliths
structures.” This definition does not clearly exclude combinationof these two species (Clocchiatti, 1971; Wirgeral, 1979).
coccospheres, so xenospheres may be better redefined &nce these are closely-related species, and since this association
“specimens resembling coccospheres but which includeéhas been found a few times, a biological cause has been
coccoliths of discrete species which are unlikely to have beersuggested. One suggested possibility was hybridisation. This
produced as a result of a life-cycle change or hybridisationcan be categorically ruled out since hybridisation involves fusion
event”. By contrast, true coccospheres may be defined as “anof gametes, haploid-phase cells. Flow cytometry has shown that
association of coccoliths produced by a single coccolithophoréheterococcoliths are produced on the diploid phaBelufixleyi
cell, or inherited from the cells which gave rise to it". This (Greenretal., 1996), whilst the haploid phase is non-calcifying.
concept includes combination coccospheres. So, even though hybridisation betwe®n oceanicaandE.
huxleyiis conceivable, it would give rise to a cell containing
Possible causes for xenospheres include:agidental organic scales characteristic of these two species, not
incorporationof loose coccoliths onto a genuine coccosphere.heterococcoliths.
This might occur in the water-column if there are large numbers
of loose coccoliths. It could also obviously occur during sampleAn alternative suggestion is that, sirfi€ehuxleyihas evolved
preparation, especially in high-density samples; (2)relatively recently fronGephyrocapséc.250kyr ago: Thierstein
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et al, 1977), the genotype might somehow have retained théiolococcolith types are included. Secondly, the heterococcoliths
potential to produce coccoliths with the ancestral morphology.are rather irregularly arranged. In particular, three of the spine-
This type of phenomenon is known in dogs, pigeons, and othebearing coccoliths are arranged with spines directed into the
intensively-bred domesticated species. However, in those casespccosphere. Thirdly, two discrete holococcolith types occur.
time-scales are tens of years rather than hundreds of thousanBsurthly, the two main coccolith morphotypes involved are
of years, so this is biologically a rather bizarre suggestionknown to form other associationsA: quattrospinawith a
Moreover, althougl. huxleyihas been cultured in numerous previously undescribed holococcolith, aBdbannockiHOL
laboratories, and enormous numbers of coccoliths observed iwith a previously undescribe®lyracosphaerapecies (Crost
LM, SEM and TEM, no examples Gfephyrocapsaoccolith- al., 2000a). This set of anomalies leads us to conclude that this
production have been recorded. specimen should be regarded as a xenosphere rather than as a
combination coccosphere. A possible explanation of the
So, we do not think these examples are likely to be truespecimen is that it is a small faecal pellet.
coccospheres. We conclude that the most likely reason for the

recurrence of this association is simply tBahuxleyiandG. Helicosphaera carterand Syracolithus dalmaticus
oceanicaare the two most common coccolithophores, and so Plate 1, Figure 7
are the most likely two species to co-occur as a result of artefacthis specimen was found in a plankton sample from the Gulf
They also often co-occur on, for instance, tintinnids. of Mexico. It was sampled by Vita Pariente and imaged by Claire
Findlay. It consists predominantly df carteri heterococcoliths
Cribrocentrum reticulatumand Coccolithus pelagicus andS. dalmaticusiolococcoliths. SincH. carterihas previously
Plate 1, Figure 3 been shown to form unambiguous associationsSyithcolithus

This coccosphere was found in a Late Eocene DSDP sampleatilliferus andS. confusugCroset al, 2000a; Geisent al,
from the Indian Ocean, studied in collaboration with submitted), it would not be surprising if it also formed
Sivaramakrishnan Rabindranath. It resembles a normahssociations with the very closely similar holococcolih,
coccosphere but contains heterococcoliths from differentdalmaticus However, there are several reasons for regarding
families, the Coccolithaceae and Noelaerhabdaceae, which athis as an unconvincing combination coccosphere. Firstly, other
interpreted on both conventional stratophenetic grounds andoccoliths occur on this specimen, including Eanhuxleyi
from molecular genetic research as only distantly related (Perchheterococcolith, sever@lalciosolenigheterococcoliths, and one
Nielsen, 1985; Young, 1998; Edvardssral, 2000; Fujiwara  unidentifiable holococcolith. Secondly, diatom and other debris
et al, 2001). There is some breakage of the coccoliths but h@lso occurs on the specimen. Thirdly, thecarteri and S.
other obvious evidence to support an origin by accidental meanslalmaticuscoccoliths are not in direct contact but separated by
In particular, it is noticeable that the coccoliths imbricate tightly. debris. So, there are clearly at least two alternative interpretations
No other specimens showing this association have been reported this specimen: either it is a combination coccosphere onto
or were found in the sample, indeed no other coccospheres wemhich a range of other material has fallen during sample
found in the sample at all. collection, or that it is an entirely accidental agglomeration of
heteromict material. Given this ambiguity, the specimen cannot
Obviously, it is not possible to come up with a definitive be used as evidence of an associatiofd.otarteri and S.
explanation of this xenosphere but one possibility is that it isdalmaticus
the proloculus (first chamber) of an agglutinating foraminifera.
Agglutination of coccoliths by foraminifera is not an especially  Syracosphaera noroiticand Helladosphaera cornifera
common phenomenon but many examples have been Plate 1, Figure 8
documented (Wallich, 1877; Murray, 1991; Widmark & This specimen was found in a plankton sample off the Canary
Henriksson, 1995). The coccosphere illustrated by Gard (1987)slands. It consists of about eight exothecal coccolithS.of
seems comparable, and a similar origin might be suggested fororoitica and ten or more holococcoliths df cornifera No

it. other coccoliths are definitely included in the specimen, although
single E. huxleyiand Discosphaera tubiferaoccoliths lie
Acanthoica quattrospina, Syracosphaera bannodfii the nearby. However, there are problems with accepting this as a
holococcolithophorid phase of the life-cycle, or HOL), and  combination coccosphere. Firstly, tBe noroiticacoccoliths
?Calyptrolithophora gracillima are all exothecal coccoliths whilst all definitive combination
Plate 1, Figures 4-6 coccospheres ofSyracosphaerainclude endothecal

This specimen was found in a plankton sample from off theheterococcoliths. Secondly, both th8. noroitica
Canary Islands. It consists of: (1) numerous heterococcoliths ofeterococcoliths and thid. cornifera holococcoliths are
A. quattrospinaincluding both coccoliths and apical, spine- chaotically arranged. Thirdly, although the two coccoliths types
bearing coccoliths; (2) numerous holococcolithS dfannockii are closely associated on this specimen, they do overlap each
NB These coccoliths were previously assigned to theother and are not interspersed.
holococcolithophorid specieZygosphaera bannockibut
following observation of several combination coccospheres withit is conceivable that this specimen is a combination coccosphere
a previously undescribe8yracosphaerapecies, the butthe alternative possibility, that it is an accidental association,
combinatiorS. bannockihas been proposed (Cetsl, 2000a); is at least equally possible, hence in the absence of other evidence
(3) a few specimens of another holococcolith (on the lower leftit cannot be used to infer a life-cycle association between these
part of the specimen). These coccoliths show hexagonalspecies.
perforate wall-structure and a flat top. They most closely
resemble C. gracillima but might alternatively be Tintinnids
Calyptrolithophora papillifera Plate 2, Figures 1-6

Tintinnids, marine protozoans with an external organic test
The specimen superficially resembles a holococcolith-(lorica) between 45 and 100 long, are able to agglutinate
heterococcolith combination coccosphere but there are severalarticles such as coccoliths onto their loricae. In addition to the
reasons for doubting this interpretation. Firstly, two discreteexamples given by Broerse (2000) and Wietsal. (1986), we
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Plate captions
All SEM images, with the exception of Plate 1, Figure 3, were taken with a Philips XL-30 field-emission digital SEM inritre elec
microscopy and mineral preparation unit (EMMA) of the Dept. of Mineralogy at the Natural History Museum, London. For Plate 1,
Figure 3, a Hitachi S800 field-emission SEM was used. The files of the images have been archived and are accessibleseia a datab
the BMNH reference numbers are given in the captions. The LM images have been captured using a Hamamatsu video camera
attached to a Zeiss Axioplan light-microscope.

Plate 1
Figs 1-2 Xenosphere oEmiliania huxleyandGephyrocapsa oceanicd/e do not have any definite explanation for this specimen
but believe it is likely to be an artefact. Cruise MATER II, Rf&speridesstation 56 at 37.26l, 1.19W, depth 34m. Fig.1: BMNH
119-33; Fig.2: BMNH 119-34.

Fig.3: Xenosphere ofCribrocentrum reticulatumand Coccolithus pelagicusThis specimen is possibly the proloculus of an
agglutinating foraminifera. DSDP sample 220-11-1, 70cm, Indian Ocean, Late Eocene (NP18). BMNH-088589.

Figs 4-68 Xenosphere ofAcanthoica quattrospina, Syracosphaera bannogkiiholococcolithophore phase of life-cycle), and
2Calyptrolithophora gracillimaWe suspect this is a faecal pellet. Plankton sample from cruise P233Bp&#\don station 2 at
29.75N, 17.93W, depth 50m. Fig.4: BMNH 167-10; Fig.5: BMNH 167-11; Fig.11: BMNH 167-12. Collected by C. Sprengel.

Fig.7: Xenosphere ofHelicosphaera carterand Syracolithus dalmaticuslhis specimen is probably an accidental association
produced during sample collection. Plankton sample from the Gulf of Mexico, cruise 93-G-0GyiR/\¢tation 5c at 26.68|,
95.12W, depth 20m. BMNH CSF0195. Collected by V. Pariente.

Fig.8: Xenospheref Syracosphaera noroiticand Helladosphaera corniferadgain, this specimen is probably an accidental
association produced during sample collection, but conceivably could be a combination coccosphere. Plankton sample from off the
Canary Islands, cruise P233b, RPdseidonstation 2 at 29.78, 17.93W, depth 50m. BMNH 126-20. Collected by C. Sprengel.
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Plate 2
Figs 1- 8 Tintinnids with agglutinated coccoliths, all from plankton samples. Figures 1-4: South Atlantic Ocean, off Namibia, cruise
M48-4b, R/VMeteor. Fig.1: station 11 at 2026, 9.87E, depth 5m; Figs 2-3: station 477 at 233612.62E, depth 5m; Fig.4:
station 44 at 30.T%, 4.43E, depth 5m. Figs 5-6: Alboran Sea, western Mediterranean, cruise MATER H&Rpéridesstation
69 at 37.43N, 0.43W, depth 50m. Fig.1: BMNH 136-35; Fig.2: BMNH 137-17; Fig.3: BMNH 137-18; Fig.4: BMNH 137-20;
Fig.5: BMNH 145-27; Fig.6: BMNH 145-28.

Figs 7-8 Faecal pellets. Cruise P233b, RPdseidon station 2 at 29.78l, 17.93W, depth 50m. Fig.7: BMNH 118-27; Fig.8:
BMNH 126-16. Collected by C. Sprengel.
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Plate 3
Foraminifera agglutinatinGoccolithus pelagicusSurface sediment sample from south of Iceland, collected by G.C. Wallich during
Bulldogcruise, station 120, in 1860.

Figs 1-3 Coccosphere d@@occolithus pelagicugig.1: crossed-polars; Fig.2: bright field, surface focus; Fig.3: Bright field, median
focus.

Figs 4-8 Agglutinating foraminifera. Fig.4: complete specimen; Fig.5: terminal chamber, surface focus, bright field; Fig.6: terminal
chamber, surface focus, crossed- polars.
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