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CHAPTER 9 

It was originally intended that by taki.ng subsurface samples, 

information could be gathered on the stratigraphy of recent and 

subrecent deltaic deposits, particularly in respect of any changes 

in the foraminiferal fauna. Unfortunately no coring apparatus was 

aVailable to give cores good, or deep enough for this purpose, 

but those that were obtained have been examined and their environ

mental significance determined on the basis of their sedimentary 

character and their foraminiferal fauna. 

A small numbeJ:' of short cores were , obtained from the subaerial 

part of the del ta by means of a IMac1d.ntosh Hand Boring and 

Prospecting Tooli. The procedure for taJr.ing a cora using this 

apparatus is as fo1101 .. 6: a thin steel rod, to '\-,hiob a pointed 

driving head is attached, is driven into the ground by oeans of 

a hammer attachment. Further rods can be coupled to those driven 

into the ground, and the head is driven to the desired depth. 

The rods are then l'Iithdral'm, the driving head removed and a core 

tube substituted. The apparatus is replaced in the core hole and 

lOtvered until the core tube reaches the bottom whereupon further 

hammering will cause sediment to enter the core tube. 1I1e rods 

are 'I<;i thdrawn once more and the core tube removed and the core 

extracted from it. Each core has a diameter of 2.5 cm and is 

just over 15 em. in length. The maximum depth to , .. hich the rods 

can extend is 15 m. 
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In practice, this method of coring is far from · easy and there 

are many dra1>Tba.cks. It is often very difficult to drive a core 

through Sal'ldy sediments and even harder to draw it out; sometimes 

it took tI.o persons a considerable time to extract the coring 

apparatus, and one one occasion it '-las necessary to abandon SO!:le 

rods altogether. The greatest disadvantage arose '-lhen. the core tube 

was inserted into the core hole because one could never be certain 

that it did not scrape sediment from the Halls of the hole when 

it .. was lO"l'lered. Practically no core was taken \'Ti thout some contam-

ination and at 

completely into 

level than the 

l"iOrst it .. as possi ble for the tube to be driven 

the side ''lall and extract sediment from a higher 

bottom of the hole. Another dra'l'lback was that 

. because cOring penetrated the water tebla, the core holes could not 

be kept open where fluid muddy scdinents tvere encountered. Hany 

coring failures, and eventually loss of equipment dur~g coring, led 

to the caring progr~e being aba~doned. Nevertheless, a number of 

short cores were obtained but only those considered to be reason

ably free from contamL'1ation ,-rere accepted for exa::rination. All core 

si tes are plotted in figure, en • 

Samples from offshore cores drilled by Shell were kindly supplied 

by Dr. C. Krui. t • . 8 samples are from -two cores drilled at a ai te 
- I 

approximately 28 km. southeast of Cabo Tortosa (position: 10 12'E, 

400 35'N) in \,later of approximately 86 m. depth, lihUe 5 other samples 

are from a core drilled farther to the south (00 52'E, 40° 13 t N) 

at a depth of approximately 84 m. All the samples 1>Tere treated as 

described in chapter 6, and the foraminiferids counted in the sar:le 

way as the dead populations for the Ebro surveys. In eddi tion, 

about 100 planktonic specimens were picked from each of the sllI!lplos 

from the offshore cores and the proportions of each speCies calcul

ated . Each core sample is described and discussed 1."1 the follo"ll'ing 

pages and the details a...-re also listed with the fora.':liniferal data 

in APpendix 2c . 
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Core C 2 

DescriEtion: This was drilled on the beach about 40 m. south 
of the lighthouse at Cabo Tortosa. After penetrating the beach sand 
the core passed into soft muddy sediments l-rhich extended dOim to 
at least 7 m. A core was taken at a depth of 3 m., but deeper 

cores "rere rejected because of excessive contamination by near sur

face sediment . The core sample revealed a light brown, unlaminated 

mud. After sieving there ",as a small sandy residue but it is 

thought that this iias derived chiefly from the beach sands. The 

sediment contains a small proportion of shelly material together 

wi th a certain amount of relatively large mica flakes and fragxnents 

of plant material. The latter is in the form of both finely 

divided organic material and larger w'oody fragments. Foraminiferids 

are rare, only four species \-Tere dis covered of which Elphiditl:!l 

oceanense is most abundant followed by Jadammina macrescens, p~onia 

beccarii and Troch~~a inflata. 

Discussion: No sediment was found in the present deltaic envil'-

onments that corresponds to that of this core. How'ever, some in

formation can be derived from the foraminiferids. 'Ine presence of 

Elphidium oceanense, _ Jad.s.mina macrescens, Ammonia beccarii and 

Trochammina inflata is suggestive of a brackish environment such as 

exists in the present brackish lakes. It is possible that iofhen 

the river discharged to the east and the southern channel was 

active, Isla de Buda fonned an interdistributary bay type of envir

onment. Floods of water from the river over the levees would 

deposi t si1 ts and clays and periodic contact with the sea t'lould 

maintain a brackish, but fluctuating sali:ti. ty. A considerable thick

ness of interdistribut~ deposits probably accumulated as the delta 

advanced eastwards. 
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Core C:3 

Description: This was positioned at the eastern end of the 

northern abandoned river course, behind the beach about 400 m from 

the sea. After passing throug.Ji 1 m. of surface sand the core 

passed into soft muds which continued to a depth of at least 5 m. 

Sample C 3/1 lias ta'tcen at 3 m. depth and C 3/2 at 4t m. Both 

produced the same sediment, a grey - green clay with occasional 

organic fragments. In the float there are a few charophytes 'l'lhile 

foraminiferids are fairly abundant. Protelphidium an~licum is dominant 

in both samples followed by Ammonia beccarii and Elphidium oceanense, 

but in C 3/2 there are a fe\'1 individuals of Asterigerinata sp. 

a."ld E. advenum. 

Discussion: 

the surface a 

recognized as 

fragments are 

These sediments are identical with those exposed at 

short distance from the core site that have been 

typical abandoned course deposits. AbQ~dant woody 

typical of sediments associated ~dth the present river 

channel; charophytes have similar affinities. The predomnance of 

Protelphidium angliC1lm in the fauna is typical of a standing body 

of nearly fresh'l'1ater such as occurs at present in Encanizada. This 

would tie in Hell with the picture of the abandoned channel 

becolring a body of standing fl'eshwater. 'l'here was probably occasional 

incursion or percolation of seawater into the channel to make the 

water slightly brackish, and this would account for the presence 

of brackish species like A. beccarii and E. oceanense. The presence 

of nearshore species in C 3/2 is attributable to contamination from 

the surface sands which have been blown back from the beaches. 

Core C 5 

Description: This core uas taken farther inland on the same 

former river course as core C 3; twa samples were obtained, C 5/1 
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at 3 m. depth and C 5/2 at 6 m. 

C 5/1 is a grey mud and only a small proportion of it 

remains after sieving. The residue is chiefly sand l-Ii th relatively 

large flakes of mica and abundant blackened "toody fragments. Fol'

aminiferids are rare b:.lt a few tests of Protelphidium anp,licum 

~'1ere found. 

C 5/2 is a mud~ sand; the light brown oud fraction is lost 

lnth sieving and leaves a relatively large residue of medium 

grained sand. Again, woody debris and mica flakes are common but 

the sample is barren of foraminiferids. 

Discussion: C 5/1 is virtually the same as the other abandoned 

channel deposits and probably has a similar origin. The higher 

content of woody material is not unusual since it is characteristic 

of many river deposits, "Ihile the small number of foraminiferida 

is probably attributable to increased distance from the sea. 

Al though P. anglicum can tolerate freshwater conditions it does not 

penetrate far inland (Hurray 1961), and it is probably dying out 

tOl-Tards this end of the old river channel. 

C 5/2 is a different sediment altogether and nothing comparable 

was discovered on the present delta. However, it is likely that 

it is also an abaTldoned channel deposi t, probably at the base of 

total thickness of these deposits. Kolb and Van Lopik (1966), in 

discussing abandoned channel deposits on the ~ississippi delta, 

demonstrated that sediments were coarser near the point of diversion 

of the river. 'Ihey sho,.,ed that there 1 .. as a i'Tedge of sandy sed

iments at the base of the abandoned channel deposits, thickest 

near the point of diversion and mL.'r"l'Ol'l'ing downstream. It is possible 

that C 5/2 represents this type of deposit. 

Core C 6 
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DescriTltio11: The site of this core is the couthorn ed,::e of 
5'ondeadero 'del F<"J'2GCU (the northern la~oon) , about 50 n . from the 
edge of the water. C 6/1 1'TB,S taken at ~m. depth .?nd C 6/2 at 
6 m. The sedimentR are not 1l.nifom throur:hou t tlUs depth; Cl.t 
ap!lrorimately 3 m. and 4 m. the core passed throup"h hD.rder bmos, 
probably S8J""1.ds. The sediment from both core sanples is a c'."rk 

coloured nruddy sand 1.n. th a small Plopo:rtion of shelly m!tterial 

incll1ding some uhole bivalves. Fora"'linifer5.ds are very abunne.!'!t £Ind 

each saron_Ie Yrielded 15 or mo .. t f 250 . .>~ oJ ~ • re spoOl.es ~n a coun 0 ~nuJ. v-

iduals. In eaoh cae:e the fauna is dol!linated by ,A,monia heccar:i.i 

l-lhich has around 50 ~f; relati ve abunda.nce. 

Discussion: The sediments from these co:'e SI'II1pJ es are very sim-

ilar to the surface sediments of the northern lagoon end the 

foraminiferal fau.na also suggests a Ifl.eoonal orif,in. Compar.i~on of 

the fatmas ~1i th the dead populations of ste.tiona 8/18 and 8/20 

in the northern laeoon prod11ces similarity indices ben-reen 42 E'.nd 

60 %. The mein differe.l1ces are due to the increased proportions of 

mar:;inal speCies such as Protel..,hi(li '£l_~;,,;li. Cl,!!!, Elnhicli.l1!'l oce"nf'T"se 

end Ammonia becca...-r::ii in the core faunas, as opposed to a high 

miliolid content in the prescnt central laeoon dead > populations. 

Lagoonal sediments have acc~~ated to fo~ a thi~~ess of at 

least 6 m. at the core site. rt is likely th::tt the le.eoon cQ:J.st

line hAS not been ste.tic but he.s fluctuated sli(htly; howeve::-, the 

core faunas er..:.egest marginal laeoon conditions so it is \1.."llikely 

that the la-goon exte."lded much farther to the so th than it does 

at present . The fact that there are tlrro I hard' b:->nds of sediment 

at 3 and 4- m. depth alco indicates fluctuatinff sedimentar.r 

condi tions . 
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Core C 8 

Description: 

levels of 

This core consists of five samples from various 

a continuous core drilled offshore southeast of Cabo 

Tortosa. 

C 8/1 is a section from 0.25 - 0.4 m. belol'! the top of the 

core and is an unlaminated brolro clay. Shelly material is reason

ably abundant and includes bivalves, gastropods, ecp~noid spines ~'d 

a diverse foraminiferal fauna. 'J-he 

advenum followed by just less than 

latter is dominated by Elphidium 

10% each of miliolids, 

Valvulineria eomplenata and Gyroidina,_ e.f. G. umbonata . 

C 8/2 is from 2.25 m. ~,d is a similar unlaminated brolYn clay 

but l'9. th a relatively higher shell content, much of which is 

broken. Foraminiferal, :nolluse and echinoid remains are CO:Jllllon and 

there 

the 

are many whole, small gastropods and bivalves, ehiefly of 

species Corbula gibba, Cardium edule and Turri tella com.'mmis. 

The foraminiferal 

Elphidium crispum 

around 57b relative 

fe-una is again fairly diverse, but this time 

is most abundant follOlved by several species with 

abundance. Hany of the tests, particularly of 

E. crispum, are blac.~ened. 

C 8/3 is from 2.25 m. to 2.43 m. and is once more an unlaz:.

inated cley wi th a scall shell content. .b'ora:niniferids continue to 

be abundant and the fauna is very similar to C 8/2 (64% SI) although 

E. advenum is most abundent. 

C 8/4 from 4.25 m. is a very fine brolYn clay with very little 

shelly material . 'l'he residue after sieving is very small and con

sists only of foraminiferids and fine organic debris. HO~1ever, for

aminiferida are relatively less abundant than in previous samples 

and the fauna is 

Elphidium lidoense, 

less diverse. The most abundant 

Cassidulina laevigata, Nonionella 

species are 

opima and 
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Elphidium sp. 1. 

C S/5 is from 4.25 m. to 4.43 m. depth belo'Vl the top of the 

core and is a bro,m clay with a small sand content a.'1d some 

shelly material . Foraminiferids are more abunda.'1t than in C S/4 but 

this time Ammonia beccarii is most abundant closely follo'VTed by 

E. advenum . 

Discussion: All the samples from this core have sediments that 

are fairly similar and all the foraminiferal faunas have a sim-

ilarity index with each other of greater than 50%, and so the 

samples Can be considered collectively. 

The position of this core is probably close to the sea'l'Tard 

limit of deltaic sediments, and the clays are typical of delta 

bottomset beds or 'offshore clays'. The foraminiferal fauna is 

W1USUal in that it contains a mixture of both shallo'Vl and deep 

water species . The latter are represented by species such as 

Textularia sp. , Bulimina spa 2, 

Globocassidulina sp a which are 

the delta surveys. in addition, 

commonly around the del ta but 

so that they would be expected 

Gyroidina c.f. G. umbonata and 

not recorded in any samples from 

there are speCies that occur 

are most abundant in deeper water 

to occttr at depths outside the 

range of the surveys. Examples of these are Nonionella opima, 

Bulimina aculeata, Valvulineria complanata, Cassidulina laeviaata 

Epistooinella Vi trea and ftlelonis pompilioides. 

There are also a number of shal 1 Ol'l 1yater species that are 

present in a depth (86 m.) well belol'i the maximum depth at which 

they are found li ving. Examples are Honion depressulus, N. laevigatum, 

}JllI!lonia beccarii, Elphidium advenum, E. crispum, E. lidoense, Eponides 

uanulata and many miliolids, and there are even some records of 

Bolivina pseudoplicata and Patellina corrugata which are only found 
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living in the Ebro lagoons. It is estimated that be"tiieen 25 and 

5~ of the total fauna from each sample is composed of shallo,., 

,,'ater fonns, the rest being composed of indigenous or planktonic 

species . 

Having established the shallow water nature of a great 

proportion of the fauna it is necessary to consider the method by 

which they came to be present in sueh a depth. Displaceoent 

of shallow water sediments into deeper water giving rise to an 

anomalous foraminiferal fauna has been deseri bed from several parts 

of the world but it does not appear that this is the case here. 

The core sediments are exclusively clays with virtually no residue 

after sieving apart from shelly material. This contrasts lri. th most 

nearshore sediments 0:: the delta l'Thich usually have a hiGh proportion 

of sand. In addition, the very fact that the fauna is mixed 

suggests that both indigenous and shallow water fOr::ls 'Io,ere accuoul

ating at the same time. If a body of sediment had been displaced 

from shallow water it would contain only shallow water species. 

Therefore it is most likely that the species in question have 

been reworked and transported from shallow water into deeper water 

by some means not involving the sediments. Ho,,'eveI,', there is no 

evidence for this continuing at present on the scale involved in 

the cores; the dead populations from the deeper '-Tater stations off 

the del ta ~ve no unusual proportions of forms deti ved from shallow 

' water. It was observed that in cores C 8 and C 9 the relative 

abundance of deti ved shallow forms decreases to'l'rards the top of 

the cores from approximately 50 to 22fl. It is possible that many 

of the shallow forms are derived from the reHorking of old del ta 

deposits . ~ the Original delta apex (of grO'l'lth phase 1) was 

abandoned and subject to vigorous erosion, sediments "lere eroded 

and foraminiferids reworked. lni tially the rate of erosion t.,as very 

rapid but it slowed as the coastline was t flattened t and it is 

i 
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thought that the large number of shallow water forms is related 

to the cutting back of this old delta apex. At present, the eros

ion of this part of the coastline has slowed considerably and 

probably explains the negligible proportion of shallo't'T \'later forms 

in the present deep '-Tater dead populations; suxface sediments at 

the core site would probably reveal the same features. 

Core C 9 

This was drilled in approximately the same pOsition as core 

C 8 and three samples were available from the following levels: 

C 9/1 - 0.4 - 0.58 m.; C 9/2 - 2.4 - 2.58 m.; C 9/3 - 3.4 m. 

All three samples are similar to those of C 8 and are light 

brown unlaminated clays With a small amount of shelly material 

including foraminiferids, bivalves, gastropods and echinoid spines. 

The foraminiferal faUI'.a of C 9/1 is dominated by Episto:ninella 

Vi trea followed by Elphidium advenum and Textularia calva while 

in C 9/2 E. lidoense and Valvulineria complanata are most abundant. 

C 9/3 is very similar to C 9/2 (72}6 S1) with the same tt'lO species 

dominant. 

As l'li th C 8 there is a mixture of shallow and deeper water 

species, and although there are slight differe!1ces in the component 

species and their relative abundance, it is thought that the origin 

of the fauna is the same as for C 8. 

Core C 10 

Description: This core \,as taken approximately 55 Ion. 6outh-south-

l'lest of C 8 and C 9 and is again near or just outside the 

estimated seaward limit of deltaic sediments. Five samples ,vere 

available from the following levels: 
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C 10/1 0.22 m. 

C 10/2 1.22 m. 

C 10/3 1.22 - 1.4 m. 

C 10/4 2.2 m. 

C 10/5 2.2 - 2.4 m. 

C 10/1 is a ligh-c brown mud wi th s!1elly material including 

small gastropods and ~-Thole valves of Cardium. Foraminiferids are 

abundant but the fauna is not diverse and is dominated by more 

than 8C1% of }Jnmonia beccarii. C 10/2 is almost identical except 

that A. beccarii has a lower relative abundance . C 10/3 is a lam

inated clay vuth a smaller shelly fraction but the foraminiferal 

fauna is similar to the preceding ones. c.; 10/4 and C 10/5 are 

again unlaminated brown clays but although A. beccarii is still very 

abundant in the foraminiferal faunas, they are both dominated by 

miliolids. 

Discussion: The foraminiferal fauna of C 10 is unusual in that, 

apart from an occasional pI t'.nktonic specimen, no species is indig'

enous to the depth of water in '!-1rueh the core was drilled. In 

fact the species and their relative abundance are typical of an Ebro 

lagoon fauna; comparisons of the faunas with the dead populations 

of the southern lagoon gave similari~ indices be~ieen 40 and 

67%. The bivalve Cardium is also typical of the lagoon. HOlo/ever, 

the core sediments are not consistent liith those in mueh of the 

southern lagoon at present; the latter usually have a sand fraction 

more than 10% of the total sediment. Nore muddy sediments occur 

nearer the lagoon entrance and it must be assumed that this is 

the si tuation of origin. ~'here is no other area along the coast 

south of the delta that l,ould have similar sedi!nentary and faunal 

characteristics. 

It appears likely that the whole length of core C 10, a 

body of sediment of at least 2.4 m. thickness, has been trans-



19.3 

ported from the southern lagoon or a fomer delta lagoon \'ll. th a 

similar fauna. The mechanism of this tran.sport or displacement is 

not known. Various authors have argued for or against turbidity 

current transport while other suggestions involve suhnarine slumping 

or funneling of sediment through submarine canyons. No graded bedding 

or other sedimentary structures were observed in the core samples 

to give SOme indication of their mode of displacement. Displaced 

sediments have often been observed associated with submarine relief 

and it is possible that the influence of the delta means that 

the su1:marine slope along this part of the coast is slightly 

steeper than in other areas. This ,·lill certainly aid, and perhaps 

even initiate, transport of sediI1ents from shallow to deep '<later. 

Displaced sediments have been reported from several localities in 

the r~edi terrane an, and Parker (1958) reported displacement of shallow 

water benthic foraminiferida into deeper water in 7 surface sediment 

samples from the eastern r~edi terranean. Henard et ale (1965) noted 

movements of large quantities of sediments seawards over the Rhone 

delta fan. 

Phleger (1951) recognized displaced shalloH water sands in deep 

water off the Californian coast. He distinguished mixed and unmixed 

faunas which he considered were of turbidi ty curren~ origin. He 

also recorded (1955) abundant shallow "Tater foms in depths arotmd 

1300 m. from cores off the Mississippi delta and again presumed 

that turbidity currents were responsible for the displacem~1t. 

Triangular plot 

The core samples have been plottoc. on the triangular diagram 

of the foraminiferid suborders for the dead populations for envir

onmental comparison (figure 98). Cores C 2 and C 3 each have 100=p 



Miliolina 

Triangular diagram with core 

samples plotted and dead population 

assemblage fields superimposed . 

CIO/I ~t~~li~in-a---------------------------------------------=Ke-x-t~ulariina 
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Rotaliina, much the same as populations from Encanizada. Samples 

from C 6 plot well below the lagoon field and the relatively low 

proportion of Hiliolina has been explained by their representing 

marginal lagoon conditions. The dead populations on which the lagoon 

field is based are only from the central lagoon area. 

Samples from C 8 and C 9 plot wi thin or just outside the 

offshore and deltaic marine fields. There is a relatively low pro

portion of Textulariina in these deeper samples and. although there 

is a large proportion of derived 'inshore' forms, there are rel

atively few miliolids so the samples do not plot ~ear the inshore 

assemblage field. The samples from C 10 have no Textulariina at all 

and C 10/1, C 10/2 and C 10/3 also have low percentages of r.1iliolina. 

These are probably again mareinal lagoon sediments like C 6, while 

C 10/4 and C 10/5 plot much closer to the lagoon field and prob

ably represent populations very close to those existing in the 

central parts of the lagoon at p~esent. 

Planktonic species 

planktonic species . are fairly common in the foraminiferal 

faunas of the offshore core samples from C 8 and C 9, but not 

from C 10 as this represents lagoonal conditions. Four planktOniC 

species are recognized: Globigerina bulloides, G. inflata, G. auinque

loba and G. pachyderma and the proportions of each of these are 

illustrated in figure 99. 

In core C 8 G. bulloides is dominant throughout loti. th G. quin

gueloba next abundant and With smaller r..umbers of Cit inflata and 

G. pachydenna. The last two are not found together; G. p chydenna 

occurs near the top of the core 1-1hile G. inflRta is cost e.bundant 

near the base. In C 9 G. bulloides is most abundant at the top 
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of the core but lO'l'1er down G. quingueloba is most abundant; again 

G. pachyderma occurs near the top and G qUinquelo ba near the base 

of the core. 

In the Ebro dead populations the majority of planktonic species 

were also G. bulloides, G. gUinqUeloba and G. inflata suggesting that 

there has been little change in the planktonic fauna in recent 

times. Isolated specimens of Orbulina universa, Globigerinoides rubra 

and Globorotalia sci tula 'I'!ere also observed. All the above species 

have been commonly recorded from va:rious parts of the Hedi terra...l1ean 

in surface sediment samples, plankton tows and submarine cores (e.g. 

Erikkson 19(1). 

B~ and Hamlin (1967) note that · G. bulloides , G. guinqueloba 

and G. inflata are all 'subarctic' species most abundant in temp

eratures ranging from 11 - 15°, while G. inflnta is a 'transitional' 

speCies most abundant betvreen 13 and 17° c. Very 1i tUe can be 

determined from the succession of planktOniC foraminiferids in the 

cores. The slightly increased proportions of G. inflata deeper than 

approximately 2t m. might indicate slightly wanner conditions but 

the fauna is predOminantly , subarctic'. The optimum te:nperatures for 

the most abundant planktonic species are approximately the same as 

the winter minimum temperatures for the western Nedi terranean. The 

fauna is very similar to that in samples from the \'Testern Approaches 

to the English Channel and is possibly a 'relict' fauna. The cold 

water species may have migrated into the Hedi terrane an during a 

~leiBtocene glacial period when the sea temperatures were much lower 

than at present and they have persisted since then despite a 

temperature increase. 
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C HAP T E R 10 

ORIGINS OF THE EBRO FAmTA 

Introduction 

The origins of the Nedi terranean foraminiferal fauna is closely 

tied up with the history and development of thd t-:edi terranean Sea 

itself. Geographical, climatic and oceanographic changes, particularly 

through the later part of the Tertiary, have had a profound 

effect on the development and evolution of all animal populations. 

For this reason it is considered worthwhile tracing the history of 

the Hedi terranean to revie,,, events that 'IoTere of importance from a 

biological point of view. Very fe~i modern species extend in time 

beyond the I·~ocene and so it is proposed to pick up the history 

of the I-ledi terranean fron that time. PUblished works have been 

studied and many Tertiary and Recent foraminiferid slides in the 

Protozoa section of the Bri Ush r':USElUO ( Natural History) were ~am

ined. In addition many saoples from the Hedi terrane an area l-rere 

collected b,y, or on behalf of the author for comparison with 

the Ebro delta fauna. A list of these can be found in Appe."ldix 3. 

The present shape of the Hedi terraneal'! was only attained during 

the QUaternar.y follo~ting the Alpine earth movements that greatly 

affected the southern European area. For most of the Tertiary, l-That 

is now recognized as the }1edi terranean ~-las only a part of a 

larger sea, named Tethys, that covered most of southern Europe, 
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the Black Sea, the Caspian Sea, and stretched through the I"uddle 

East to connect 'l-ti. th the Indo - Pacific region. Tethys is thought 

to have been in existence since the Lower Palaeozoic and throughout 

its history it is regarded as a ,.,arm water sea. This is important 

from a faunal point of view since it means that indigenous Tethyan 

organisms are adapted to warmer water, and that if colder water 

species are encountered at any stage then they must have originated 

outside Tethys. 

To date, the majority of published work on the origins and 

evolution of J.i:edi,terranean faunas have been concerned wi th animal 

groups other than the Foraminiferida, although there is a small 

amount of information concerning the latter, chiefly on planktOniC 

forms. 1·1ost lrork has been undertaken on molluscs, but general con

clusions about their migrations etc. will probably hold true for 

forami.nif'erids as ~lell. To illustrate the validity of this assumption, 

the beginning of the Pleistocene has long been recognized by the 

relatively sudden influx of cold water molluscs, such as Cyprina 

atlantica. Emiliani et ale (1961) studied a section at La Castella, 

southern Italy, and discovered that the molluscan changes over the 

PliO/Pleistocene boundary were paralleled by changes in the foramin

iferal fauna. Cold species such as H,yalinea bal thica appear suddenly 

and confirm that benthic foraminiferids also respond qUite rapidly 

to environmental changes. 

Hechanisms of foraminiferal migration 

In the follOwing pages various migrations and foraminiferal 

changes are suggested and it is perhaps worthl'1hile first of all 

to consider the methods by ",mch these movements are carried out. 

It is well mOim that foraminiferids are capable of inherent 

movement by means of their pseudopodia, but this is very slOW 



and can probably be disregarded as a means of migration over 

large distances. The obvious method of movement of benthic foramin

iferids over long distances is by means of transport by bottom 

currents. 'rhe majority of foraminiferids, particularly juvenile spec

imens, are very small and easily transported by strong littoral 

currents. This sort of movement is probably going on more or less 

continually along all coastlines at present but there must be cer

tain controls on movements or all species would be cOOOlopoli tan in 

distribution. The strength and the direction of the currents are 

important but the crucial factor is the environment in lihich the 

transported foraminiferids are eventually deposited. If this is 

favourable then the speCies ,'lill flourish and produce new colonies, 

othervlise they 'tTill die off, or at best, only survive for a short 

period. Intense storm activity may have important distribution sig

nificance. Nearshore bottom sediments may become disturbed and foram

iniferida taken up into suspension and transported certain distances 

before being deposited. Phleger (1951) reported the presence of 

living benthic foraminiferids in plankton to'l'TS from the north,'rest 

Gulf of Hexico, while Nurray ( 1965) found empty tests of benthic 

species in plankton samples from the English Channel follo~1ing a 

prolonged period of storms. 

Although transport parallel to coastlines is relatively easily 

explained, there are similarities in both modern and fossil benthic 

faunas be't1-Teen continents that are more difficult to account for. 

It is probable that migration occured across the ocean in some 

way, but obviously m~ent along the sea floor is impossible because 

of the great depths and distances involved. The most plausible 

theory to explain trans _ oceanic migration is that involving 'rafting' 

as first proposed by Vaughan (1933). It has been observed that 

during severe stonns or hurricanes in the Caribbean area large 

masses of weed often become detached from the sea floor and are 

subsequently caught up in the current system to drift tOl"ards 
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Europe with the Gulf stream. These masses of weed have a variety 

of benthic animals trapped "d thin them, including benthic foraminif

erids. The animals are transported across the ocean on the 'raft' 

and eventually produce colonies on the opposite side of the ocean 

provided that they are deposited in a suitable environment. 

Development of the Nedi terranean 

In the Eocene and Oligocene, TethYs stretched from southern 

Europe through the r·uddle East to the Indo - Pacific region, and 

Ekman ( 1953) says that at this time it "las a fairly uniform 

zoogeographical province. On the other hand, Adams (1967) argues 

that the Tethyan fauna of larger foraminiferids ,-ras distinct and 

that there were periodic influxes of netoT species from the Indo

Pacific and from .AllIerica across the Atlantic. SOme authors have 

proposed that migrations across the Atlantic took place the other 

way round, i.e. from east to west, but Barraclough-Fell (1967), in 

a study of Atlantic current systems through the Cret::-.ceous and 

Tertiary, notes that the current systro. has been much the saoe 

as at present well back into the Tertiary and it is very unlikely 

that any east to west migrations could have occurred . by the 

methods suggested. 

Peres (1967), dealing with molluscs, states that the fauna of 

this early period nas largely dominated by an:iI:Ials of a true 

tropical character that had migrated into Tethys froo the Indo

Pacific rec;i.on. He named this influx the 'l'~laeCX!ledi terranean' element. 

He adds that there were some Ll"ldigenous elements in the fauna, and 

the fact that Tethys ,ms a 'closed' sea loTi th only very restricted 

connections wi th other seas meant that there "Tere ideal conditions 

for evolution of species in isolated marine areas. Peres also notes 

that later evolution in si tu allowed some endemic 'ledi terranean 
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species to be derived from the Palaeomedi terreanean forms. 

l-liocene: In the Niocene, Ekman claims that oany of the tropical 

species died out because of a deterioration in the climate, but 

Adams (1967) says that, as far as foraminiferids are concerned, 

the Lower f.1iocene marked a world - ,.Tide change in the populations 

of larger foraJIliniferids and it · was unlikely that this change had 

anything to do with climatic deterioration. 

Important changes took place in Tethys during the r,J.ocene, 

some as a result of the Alpine orogeny. COmIDwU.cation with the 

Indo - Pacific gradually became restricted and was probably terminated 

by the Middle Hiocene. This left a vast enclosed sea extending 

from the Vienna Basin eastl-lards to the Caspian; this is named 

'Paratetbys' by Peres (1967), and he adds that it had periodic 

connection with the rest of Tethys across the Balkan Peninsula and 

TUrkey. At the end of the Jv1.iddle 11iocene, communication with the 

AtlantiC, which previously had been by two wide arms of water 

through what ia now southern Spain, was reduced. These_ two connect

ions, the Betic and Rif strai.ts, were gradually elevated, the 

Betic strait first followed shortly afterwards by the Rif strait. 

The latter however, maintained restricted contact with the Atlnntic 

until the Upper Miocene, but was eventually closed by a great 

marine regression. A period of isolation from the Atlantic followed. 

Ruggieri (1967) states that towards the end of the Miocene 

an evaporitic si tuation arose in the western Nedi terranean wi th 

gypsum and sal t fonnation being qui te widespread. As the cormection 

wi th the Atlantic was lost ar.d the sea regressed, the western 

Medi terranean be CaLle transformed into a series of lagoons which 

either dried up completely or became gradually desalinified. 

These events have considerable significance from a biological 

point of view. The closing of the ·cODllection with the Indo-
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Pacific meant that no more tropical species could migrate into 

Tethys and the Palaeomediterranean eleDent gTadually became reduced. 

With the closure of the Atlantic connection, Tethys became a com

pletely enclosed sea, ideally suited for evolution of species in 

geographical isolation. In addition, the changes i n the western 

l'1edi terranean resul ted in the wiping out of marine animals there 

and Ruggieri notes that the basins of reduced salinity ,,;ere cl1a.r

acterized chiefly by gastropods of oligohaline, warm water facies, 

mainly of the genus Melanopsis . This Melanopsis fauna appears in 

rocks in North Africa, Catalonia, Sicily and various parts of 

Italy. It is unlikely that all marine organisms of this time were 

lost; many may have survived in the marine conditions that persisted 

in the eastern Mediterranean. 

tectonic deformation of the Betic - Hif massif 

waters once again poured into Tethys through 

"That is now the straits of Gibraltar. Harine conditions "Tere quickly 

Pliocene: Neanwhile, 

continued until Atlantic 

established in the western Mediterranean and this transgression is 

regarded as the beginning of the Pliocene. It is important because 

it brought in a new influx of species that, during the isolation 

of Tethys, had been living just outside in the Atlantic. Ruggieri 

says that in areas _ characterized by a ~lelanopsis fauna, the trans

gression is manifest by a sudden \ change of fauna, ' with marine, 

predominantly planktOniC, speCies taking the place of oligohaline ones. 

SUbsequently a benthic fauna was also introduced. 

Climatic cooling is generally advocated during the pliocene and 

Peres says that this caused the Palaeomedi terranean element to 

diminish further as temperatures b~came too cold for animals that 

t .. ere basically tropical in character. Adams (1967) notes that larger 

penel'Oplids, al though generally cosmopolitan in distribution, were 

rare in the Tethyan region in the late Tertiary probably because 

of the lOl'ler temperatures. Ruggieri considers that, with a few 
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exceptions, animals of a true tropical character did not extend 

beyond the lower Pliocene. A further regression occured in the 

Upper Pliocene but at this stage the animals were still basically 

warm water forms. 

Pleistocene: The beginning of the Pleistocene sali a marked change 

in condi tiona. The Plio/Pleistocene boundary is generally taken as 

coinciding In th the sudden appearance of cold water molluscs which 

in tum reflect the deterioration of the climate. Eniliani et ale 

(1961) recorded the appearance of cold water molluscs at the section 

near La Castella, southern Italy, and also recorded the incoming 

of cold l-Tater benthic for~miniferids such as H;valinea bal thica, 

Asterigerinata mamilla, ]3Uccella frigidu8 , Nonionella turgida, Cassidulina 

laevigata and Trifarina angulosa. Selli (1967) adds that Honion 

gennanicU!ll and P~.tellina corrugata were also cold illll!ligrants at 

this time. By isotopic measurements, Einiliani et ale determined that 

the temperature fall over the Plio/Pleistocene was of the order of 

5°C. Absolute temperature minima in the early Pleistocene, al though 

several degrees lower than the present day, they considered were 

too high to represent truly glacial conditions and they suggested 

that the temperature level might reflect the mountain glaciations 

that preceded the major glaciations. Selli t 1967) calculated tempeI'-

atures at this time to have been about 200 down to about 50 m. 

water depth and 14 - 150 tla few hundred metres belol-TII • 

Peres l1967) considers that the widespread cooling during the 

Pleistocene had two main effects on the fauna of the time: 

1. The influx of an Atlantic fauna tihich now consi tutes the cain 

faunal element in the Nedi terranean. 

2. The presence in shallo,"T water of cold - 10Vin.; speCies which 

in the 'l-rarmer Pliocene period ,.,ere restricted to deep water bottoms 

where the· temperatures l·rere slightly Im-rer. 
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Throughout the Pleistocene there '-lere many climatic fluctuations 

associated with glacial and interglacial periods and these had 

important effects on the fauna. Glacial periods probably resulted 

in changes in the oceanography of the Nedi terranean, and the theory 

of 'Inversion of currents' as described by J·rare (1963) will be 

outlined. 

In a typical interglacial period, as at present, the Hedi terranean 

has a wann, semi - arid cli.l!w.te with low precipitation a.'1d runoff 

from land areas. The '-Tarm temperatures result in high evaporation 

from the surface waters of the sea which runoff canIlot supplez;rent. 

This creates a deficiency in the water balance and is coopensated 

by an influx of water from the Atlantic. An. easterly current enters 

the l-1edi terrane an and flows over the Hedi terranean ,.ater since the 

latter has been made more dense by evaporation. Eventually evaporation 

acts on the Atlantic water as ,,;ell increasing its density until it 

is able to mix freely lti, th the Hedi terranean waters. Balancing the 

inflowing surface current is a counter flol-T of denser Hedi terrane an 

water "1hich goes out through the straits of Gi bra! tar as a bottom 

current. 

In a typical glacial period accumulation of ice causes a eustatic 

regression which reduces sea level. The arid zone moves farther 

south and the Nediterranean climate becomes humid, tenperate and cool. 

Zeuner ( 1959) said that the glacial sheets over Europe during these 

periods would c reat-e hieh atmospheric pressure above the:n which 

l10uld compel the many barometric depressions coming in from the 

Atlantic to be deviated southwards into the t<ledi terranean region . 

The resul t is increased precipitation and runoff "rhich reverses the 

water balance so that a surface current of less dense r,;edi terranean 

water would flow out into the Atlantic wi th a corresponding botto:n 

counter current. 
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~'he inversion of the current system was probably a very 

gradual process and there l'1ould be a period during the change-

Over when currents were very much reduced allowing stagnant con-

di tions to develop in some parts of the Hedi terranean. Olausson 

(1961) exmti.ned some Pleistocene cores from the Mediterranean and 

observed that some of the sediments were deposited under stae;nant 

conditions, probably due to higher than nonnal contribution of 

river effluent from the Blac.1<: Sea. Van Straaten (1966) also noticed 

indications of stagnant conditions in early Pleistocene cores from 

the southeast Adriatic. 

The significance of the inversion of currents from a faunal 

Viewpoint is that, duri.ng glacials, the influx of colder ~later from 

the Atlantic would favour the introduction and maintenance of a 

boreal fauna at deeper levels in the Nedi terranean . Peres (1967) 

proposes that the hypothesis accounts not only for immigration 

of cold water species during glacials, but also of '\-Tanner faunas 

during the interglacials. He dral'1S up a table (Table 11) to show 

the percentage representation of the Mediterranean species of certain 

animal groups in areas outside the rr.edi terranean. This illustrates 

that the dOminant faunal elements are endemic and North Atlantic, 

while other species _ are cosmopoli tan, Senegalian or Circum - tropical 

in origin, wi th fewer numbers of \ Palaeomedi terranean' and Central 

Atlantic ·forms. 

Origins of the Ebro fore.m:imferids 

The Ebro del ta fauna falls into the pattern outlined by 

Peres for other animal groups in that the species have a variety 

of affini ties. !·lany of the species have been li vine' in the I-led

i terranean for some time, and as long ago as 1860 Parker and 

Jones recognized that itA large number of Foraminifera obtained from 

the Tertiary of Tuscany, Piedmont and other countries bordering 



Group 

'l'otru. noober of species 

Ce:1tral Atlo..:1tic 

Circu.':l - tropical 

Coscopoli tan 

Indo - Pacific 

Endemic 

'fABLE 11 

I 

I 
I 

I 

I 

I! ' 

I E:'aroidc I.De~~t'O~~"'. I Echinode:r"1 ~\;:cidi::.::l.S I 
CD ~on'~2 ;:' I -ata 

192 . 129 , 107 132 I 
41.6 56.6 50.0 31.8 

0 17.9 14.0 2.2 

3.6 2.3 4.6 1.7 

10.0 2.3 0.9 <·.5 
17.2 4.6 2.8 5.3 

0 3~O 0.9 ! 3.2 

Z7 .'i 13.2 26.1 I 50./ .. 

I 1 

':rho e::tra - j. edi terranea.Tl distribution (~~) of I·:editerra.;:e.:l-"1 5?ccies . 

(After Peras, 1967) • 
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the Mediterranean bear a close relation to the Recent FOraminifera 
of the same area". Wi thout a good Tertiary sample coverage it is 

difficult to be' certain about the first appearance of a species, 

and so conclusions drai'ill are somewhat speculative. The following 

species in 

or 

the Ebro fauna are probably indigenous to the J.iedi ter-

at least, have not yet been 

Asterigerinata ap. (?) 

ElEhidium c.f. E. flexuosum 

E. lidoense 

Nonion leaVigatum 

Eponides ~anulata 

Fursenkoina schreibersiana 

Valvulineria comnlanata 

Uvigerina sp. ( ?) 

Rectuvigerina c.f • R. comnressa 

Delosina corrmlexa 

Quingueloculina depressa 

Q. schlumbergeri 

Q. longirostra 

Triloculina dubia 

T. rotunda 

Several of these species have been recorded in Niocene rocks, 

including li. c.f. R. compressa, !i.. c.f. E. flexuosum and V. comnlanata, 

and must be well adapted to have luthstood the climatic changes 

through the later part of the Tertiary. Endemic species form a 

relatively high proportion of the total fauna and Peres (1967) says 

that a high rate of endemism is to be expected in the Nedi ter

ranean. He aays that endemism is to a large extent influenced by 

reproduction wi thin a confined space, so if topographically distinct 

populations of a species mix during its reproductive period, the 

species preserves its Unity, whereas if populations prosper independ-
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ently, morphological differences can fairly quickly be established 

between them by the development of mutants. This "Tould particularly 

apply to less mobile animals and Peres observes that the percentage 

of endemics increases ,'lith decreasing mobility of the animal groups . 

The isolation of the r.1edi terranean during the Hiocene .. Tas 

probably a ve~ suitable period for the development of indigenous 

species and some of those listed previously m~ well have originated 

at this time. Generally, indigenous Nedi terranean foraminiferids are 

adapted to '\-Tanner water and many probably died off during the 

Pliocene and Pleistocene when the water temperatures became lO\,l(~red . 

However, the ea.st ern corner of the Nedi terranean .. Tas less affected 

by the temperature changes and many species may have survived by 

withdrallTing to this region. Parker (1958) notes that the majority 

of eastern ~ledi terranea.'1 foraminiferids are indigenous and many are 

prevented migrating farther west by the lower ",ater temperatures 

there. 

Apart from the indig~nous species, other species adapted to 

Harmer water were able to enter the I.fedi terranean by two different 

routes. Before the cormection t'I'aS severed, many fonns migrated in 

from the Indo - Pacific region, "Thile other speCies migrated alO::lg 

the nortmlest coast of Africa "Then the temperatures' were wanner. 

Few, if any, Pa1aemediterranean species remain in the Ebro delta 

area; most probably died out during the Pleistocene. It is possible 

that a few speCies may still remain in the eastern Nedi terranean, 

but Said (1950) and Reiss et al. (1961) have observed that the 

Red Sea fauna, whic..J,. is definitely Indo - Pacific in its affinities, 

bears little resemblance to the fauna of the eastern Nedi terranean. 

Said. hm-lever, noticed great similari ties of the Red Sea fauna wi th 

a Pliocene fauna of the Isle of Rhodes. Reusella acule.::tta is 

known in the Red Sea and the PacifiC, and it is possible that 

it has Indo - Pacific origins. 
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pugration of tropical or sub - tropical (Senegalian) species 

along the western and northern coasts of Africa into the r·1edi tel'

ranean is advocated by Peres for \'lanner periods, both· in the 

Pleistocene and earlier. No species of foraminiferid 'loTi th such 

affini ties is found in the present Ebro fauna, but along this 

part of the Spanish coast there are three commonly recognised 

Pleistocene raised beach levels, the middle one of 'lThich (6 - 8 m.) 

contains shells of the mollusc Strombus bubonius. Tbis is common 

today in ,"anner ,..raters off the coast of Senegal and demonstrates 

that at some time in the Pleistocene temperatures were warm enough 

in the Ebro area to support a sub - tropical fauna. Fora'lliniferal 

faunas examined from the North African coast bear very little 

resemblance to those from the northern coastline of the Hedi terran

ean. The southern coastline of the Nedi terranean is probably least 

affected by temperature changes and "muld be able to maintain a 

warmer water fauna at most times. Even if a cooler water fauna 

did become established, warmer water species liOuld soon take over 

again by migrating along the coastline of Africa when the temper

atures roee once more. 

Many of the Ebro species are cosmopolitan in distribution l'r.i. th 

records from many parts of the world. It is very difficult to 

ascertain the origins. of such species. They include: 

Ammonia beccarii 

Elphidium advenum 

E. crispum 

Quinaueloculina seminulum 

Saccammina difflugiformis 

Several speCies have 'Central Atlantic' affinities, i.e. they 

are ala 0 common along the eastern seaboard of north America and 

in the Caribbean area. As the current system in the Atlantic has 

operated from west to east through~ut the Tertiary, it is most 
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likely that these species originated on the western side of the 

Ocean. The Gulf of Mexico is a sui table I enclosed' sea '-There many 

speCies might have evolved. None of these species is encountered 

in the !1edi terranean Tertiary and it seems that they have migrated 

across the Atlantic relatively recently. The species include: 

Brizalina striatula 

I Discorbis' bulbosa 

Epistominella vitrea 

Hopkinsina pacifica var. atlantica 

NOnion c.f. N. matagordanum 

Nonionella atlantica 

Nonionella opima 

Saccammina comprima 

Textularia calva 

Trochammina c.f • T. advena 

T. lobata 

The dominant element in the Ebro fauna is a cool ,~ater one. 

M~ of the folloWing species are commonly found along the coasts 

o~ Northern Europe: 

Asterigerinata mamilla 

. __ .Bolivina pseudoplicata 

Brizalina pscdopunctsta 

Brizalina spathula 

Bulimina elongata 

B. c.culee.ta 

B. mart?-nata 

Buliminel1a elegantissima 

Cassidulina laevigata 

Clavulina 0 becurs 

Eggerella scabrs 

Elphidium oceanense 
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Elphidium incertum 

E. selseyensis 

Gavelinopsis praegeri 

Haplophr?@lloides canariensis 

Helonis pompilioides 

NOnion depressulus 

!i. c.f • N. gennani cum 

Patellina corrugata 

Protelphidium anglicum 

Reophax scorpiurus 

R. scottii 

R. subfusifonllis 

lie c.f. R. fusiformis 

Rosalina c.f. R. valvulata 

Trifarina anguloza 

Triloculina sp. ( ?) 

These species "Tere able to migrate into the I1edi terranean l-Then 

the temperature ,..ras lowered in the Pleistocene. As temperatures 

became progressively lower they uere able to spread farther and 

farther south along the Atlantic coast of Europe until they finally 

rounded the Iberian peninsula. They tended to migrate more along 

the northern X1edi terranean coast since temperatures rarely became 

low enough for them to colonize the southern coastline. This is 

confirmed by the presence of few cool water, North Atlantic fonns 

in the modern faunas eXllIllined from the North African coast. On 

the other hand, the northwest }ledi terranean coast, the Costa Brava, 

the Riviera coast and the northern part of the Adriatic all have 

high proportions of North Atlantic species. 

The time of ro'rival of each of the cool "tater species in 

to fix and it is possible that the Nedi terranean is impossible 

with successive glacial and interglacial periods they migrated 



210 

backwards and forwards into the Hedi terranean. The distance of 

penetration of the cool water species into the J.ledi terrane an would 

depend on just how low the temperatures became and the length of 

time for which they vTere maintained. Van straaten (1966), inte~ 

preting molluscan assemblages in cores from the southeastern Adriatic, 

suggested that temperatures at some stages in the Pleistocene became 

as low as those now prevailing around the Faroe Islands. Dniliani 

(1955) calculated that temperatures during the J.1iddle 'Vl\inn glacial 

were approximately 5 - 70C lower than the present Hedi terrane an temp

eratures. This would render them very similar to those around the 

British Isles at present. 

The present distribution of the cool liater species present in 

the Ebro delta fauna reveals some interesting information. Figure 

100 shows the percentage representetion of these species in other 

parts of EUrope. It would be expected that the cool water forms 

would extend from the Ebro del ta around the Iberian Peninsula and 

along the European Atlantic coastline to north of the British Isles. 

Figure 100 demonstrates that this is not the case. The Spanish 

and French Atlantic ~oasts have faunas containing few of the Ebro 

cool water speCies, whereas around the British Isles', particularly 

in the English Ch.a.nnal area, there is a much greater representation. 

Todd (1958) also observed marked similarities be~ieen the foraminiferal 

fauna of the Western Hedi terranean and that of the Bri uSb. Isles 

area. An explanation for this is plloposed. 

As temperatures became lowered during glacial periods, cool 

water f0raminiferids living around the British Isles vlere able to 

migrate progressively southvlardS along the nearshore zone until they 

were able to enter the Hedi terranean. I>ligration then occurred along 

the coasts, particularly the northern coast, of the Mediterranean as 

far as the temperature lias sui table. As the glacial period dre1i' 

to a close, sea temperatures wanned up again and the cool water 



Fig. 100. 

FEBRUARY ISOTHERMS -c 

PERCENTAGE REPRESENTATION 
OF THE £eRO DELTA SPECIES 

RECOGNIZm AS HAV'lNG NORTH 

ATlANTIC AFFINITIES. 

Distribution of the North Atlantic element in the Ebro 

delta fauna. (Derived from published works and ES samples). 



211 

speci es eradually withdrew. HOl·rever, they l.ere unable to move 

southl.ards because the temperatures were wanning from the south, 

and so could only wi thdrali to the north. As temperatures 

became even warmer during the interglacials they miersted to the 

northernmost corners of the l>1edi terranean and ma::;r finally have been 

wiped out if the temperatures became too high. NeamThile, outside 

the Hediterranean, the cool . water species had retreated to their 

original position around the Bri. tish Isles. The present si tuation 

apIe ars to represent the remains of a cool l"ater fauna ' tra!,)!,)ed' 

in the northernmost corners of the I1edi terranean, the northwestern 

1-1edi terranean and the northern Adriatic, 'I'!hilst outside the Hedi t

erranean the same species have withdrawn farther north once more. 

It is considered that the Ebro fauna contains a 'relict' North 

Atlantic fauna. FiBUl'e 100 also shol'Fs the winter isotherms for the 

r·1edi terranean and North Atlantic, and it can be seen that the 

northernmost corners of the rr.edi terranean which have similar relict 

cool water species are also the coldest parts of the sea with 

winter temperatures very close to those of the English Channel. 

This ",ould account for the survival of the cool water species in 

these areas. 

The final sub s taee of the WUrm glacial period lasted from 

approximately 25,000:" 18,000 years ,B.P., ana this was probably the 

last time that cool water species were widespread in the r·ledi t

erranean. Since then they have become progressively restricted in 

their distribution. Erikkson (1961) says that the final WUrm sub

stage was foHol-led by gradual warming with a marked climatic 

amelioration around 11,000 years ago. 

It should be emphasised that mi6X'ation of foraminiferida in 

response to temperature changes applies particularly to she.llow 

water species; it is not knOlffl whether deeper water species are 

similarly affected. Deeper waters are less susceptible to temperature 
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variations and deeper faunas may not have altered as did Ii ttoral 

faunas. Blanc (1969) stressed that under ~lann condi tiona deeper 

,,,ater species would migrate even deeper to seek the cooler temp

eratures at greater depths, and he quo t es the example of gyalinea 

b~~thica, a well known cold water species, which lives in the 

Hedi terranean at present in the Ilovier circa - li ttoral l zone where 

temperatures are constantly around 10 - 12oC. During a colder period 

the deeper species may migrate into shallovTer water. 

Planktonic foramini~erids are also ve~ useful climatic indicators 

and several authors (e.g. Todd, 195e) . have examined them in cores 

from various parts of the Nediterranean. Alternations of cool water 

and '\-Tann water faunas have been correlated with the different 

Pleistocene glacial periods. Although present sea temperatures are 

sui table for a relatively warm "rater planktonic fauna, the planktonic 

speCies in the Ebro delta dead populations, and else"'her~, are 

predominantlJ!: cool "1ater fonns. This again may represent a 'relicti 

fauna; cold water planktonic species probably entered the Nedi terranean 

during the last glacial period and may have persisted since then. 

Smaller scale fluctuations in temperature are probably continuing 

all the time and will be reflected by small changes in foraminiferal 

populations. It was suggested in section d) of ohapter 8 that one 

reason why a dead population differs from the living population at 

the same locality is because there may have been a recent faunal 

change. The previous fauna is represented in the dead population as 

well as the present one. Ebro delta dead populations have notably 

higher Pl'9Portions of miliolids and Eggere1la scabra than the living 

populations and Hurray (1965a) observed that dead populations off 

Plymouth in the English Channel had similar high abundance of E. scabra 

plus species of QUirtgueloculina and Cibicides lobatulus. The latter 
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is also found in the Ebro delta fauna, in the dead population 

only, although never in great abundance. Haake (1967) also noted 

that E. 5cabra is most abundant in the dead populations in an area 

of the Baltic Sea that he studied. Both E. scabra and c. lobatulus 

are recognized as cool water species and it is possible that a 

recent warming of the sea may have caused them to decrease in 

relative abundance in living faunas. soUthl,ard (1963) discussed 

recent chemical and biological changes in the English Channel and 

concluded that the best explanation for the change of fauna there 

in recent years is a rise in temperature. He adds (1967) that a 

general climatic amelioration took place from about 1900 to 1950, 

but in the 1960' s there has been a reversal of trend with more 

northern species appearing. He observed a two year phase - lag 

be'hleen changes of sea temperature and corresponding fluctuations 

in barnacle populations along the south coast of England. 

In conclusion it can be said that the fauna off the Ebra 

delta has a mixed origin. f.1any of the foraminiferal species present 

have probably evolved in the Hedi terranean while others may have 

migrated acroSs the Atla.'1tic from the .American Continent. H01iever, 

the dominant element in the fauna is a North Atlantic one and 

cooling of the sea during Pleistocene glacials alloweq these species 

to migrate dO\,1Il the coasts of l!.'urOpe and into the Hedi terranean. 

b'ollowing Peres (1967) , (see table 11), the extra - J.1edi terranean 

distribution of the species present around the Ebro delta can be 

summarized as folloNS: 

North Atlantic 

'Central Atlantic' 

Cosmopoli tan 

Indo - Pacific 

Endemic 

33.4 ~~ 

15.7 ~~ 

7.4 % 
.9 % 

28. 7 ~'b 

approx. 

II 

II 

II 

II 
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CHAPTER 11 

PALAEOECOLOGICAL Il~LICATIONS 

It is proposed in this chapter to attempt to draw conclusions 

from the foraminiferal work that, in association "lith the Bedimen~ 

ological conclusions of chapter 6, ,.Till be of use in identifying 

deltaic d-eposi ts in the geological column. It is necessary firstly 

to distinguish deltaic deposits from non - deltaic deposits and 

secondly to distinguiSh different environments within the deltaic 

deposi ts. Care has to be taken with application of ecological con

clusions from the work on living foraminiferids; fossil assemblages 

are usually thanatocoenoses and therefore information concernine the 

dead population is more appropriate from a palaeoecological point 

of view. However, living assemblages do provide some general infonn

ation and it is vi tal to study them to obtain valid ecoloe;ical 

data about different species and to ascertain whether the dead 

populations are locally derived, modem ones. Hurray (1965a) points 

out that the dead population in parts of the English Channel off 

plymouth is considerably different from the living one, probably 

containing many derived and pre - Recent specimens. Application of 

such dead population results could prove very misleading. In the 

Case of the Ebro delta, the dead population is a good reflection 

of the living one and information derived from it can safely used 

for palaeoecological application. 

( . emblages) become preserved. Only rarely do biocoenoses li~ng ass 
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folyers ( 1942) noted that wind - induced turbulence during stOnDS 

greatly disturbed bottom sediments DO that at least 80 % of 

benthic foraminiferids were buried to depths from uhich they could 

not escape . Cytological evidence showed that the individuals died 

after several weeks and the protoplasm was decayed by bacteria. 

Nurray (1961) questioned Hyers' results since he partly based his 

percentage value On the amount of py:ri te in the tests; Hurray 

claims that this can fOnD syngene tic ally • Nevertheless, it does 

seem possible that heavy sedimentation can inter biocoenoses and 

more rapid than usual sedimentation off a river mouth may frequently 

' preserve' living populations. 

Distinguishing different environmento wi thin a del teic complex 

should be possible on the basis of foraminiferids . The ratio of 

the three suborders, Niliolina / Textulariina / Rotaliina, dralm up 

on a triangular plot may provide some infomation . Fieure 95 in 

the section on the dead population in chapter 8 illustrates that 

there is a marked distinction betl'ieen inshore and offshore assem

blage fields . A.s these tl.,o assemblages correspond to delta - front 

platform and pro delta slope environments respectively, it is there

fore possible to distinguish the latter on the basis of their 

foraminiferal faunas . In addition, pro del ta deposits ,will contain 

planktonic species , the relative abundance of l-lhich increases atvay 

from shore . 'lhe deltaic marine 8seemblage does not plot in a 

distinct field but \oli thin a deltaic unit sediments deposited direct

ly off a river channel may be recogni zed by the folICl·ling char

acteristics: 

1. A relatively thick mass of eyenly deposited silts and clays 

with a relatively high organic content . 

2. Relatively lOti nu:nbers of foraminiferids per unit volume of 

sediment . 
3 . The relatively smal.l size of individuals of foraminiferid species 

compared with individuals of the same species in other environments. 
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The subaerial environments tend to be much more variable in 

their proportions of the three suborders a~d are not ea~ to 

separate on the triangular plot. However, other non - specific 

faunal characteristics "'rill assist in identifying them . They all 

have very 101'1 di versi ty and one species usually makes up the bulk 

of the fauna. Figure 101 shows that in the Ebro delta dead 

populations, like the living populations, the percentaee of the 

dominent species increases as depth decreases, or as Walton (1964) 

states, "The percentage occmrence of the most corrnnon species in a 

population is directly proportional to the variability of the 

environment". 

Off the Ebro delta diversity increases aw~ from shore and 

levels out at about 30 - 40 m. depth; greatest diversity occurs on 

the proximal pro delta slope . On the basis of diversity it is 

possible to list the environments in descending order: 

Pro delta slope 

Del taic marine 

Delta front platfor.m / lagoon 

Lacustrine 

Marsh 

Del ta front pl atfonn deposits can be distinguished from lagoonal 

deposits on their sedimentary character; the former are invariably 

more sandy. In addition, lagoons, because of their relatively slO'-T 

rate of sedimentation m">'\'T stand out ~·Ti th relatively high numbers 
, '-V • 

of foraminiferids per unit volume of sediment. Haxsh deposits are 

also unmistakable in their sedimentary character, being largely 

organic in composition. 

DistinguiShing deltaic deposits from non - deltaic deposits may 

not alwaYs be easy but the follovring features should be borne 

in mind. \1i thin a del taic uni t there will probably be a number i 
• 
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of complexly interdigitating faunal and sedimentary e:roups, varying 

both laterally and horizontally. The subaerial environments alternate 

frequently on a relatively small scale and they may be occasionally 

interdigitated with transgressive marine deposits, perhaps representing 

a destructive phase in the delta's histor,y. Genere~ly the offshore 

deposits will form the greatest thicknesses of sediments, particularly 

pro delta silts and clays. The fau."1a5 of the offshore deltaic 

deposits may not be easily distinguishable from those of non - deltaic 

areas of shelf sediments but it may be possible to detect deltaic 

marine assemblages by the features described earlier. In addition, 

modern del taic sediments have a relati vely high content of organic 

detritus. Among Shepard's (1960) eri teria for reCOgnizing ancient 

deltas is a general scarcity of invertebrates on the subaerial parts 

which, if found, show little di versi ty of species. He also noted 

also noted that dominance of ostracodes over foraminiferids and a 

scarcity of echinoderms is indicative of a fresh'lTater marsh. 

It was tentatively suggested in chapter 8 that some speCies 

such as Nonionella opima and Epistominella vi trea are typical deltaic 

forms, or at least reach maximum abundance under deltaic conditions . 

The presence of such species m~ identi~ deltaic deposits although 

a good deal more "Tork needs to be done to confinn their affinities. 

However, most modern species do not extend beYDnd the l"Jiocene and 

interpretation of pre - ~tiocene assemblages at species level may not 

be possible. Walton (1964) considered that the most useful foraminif

eral cri teria for extrapolating modern environments into the geologic 

past were on a generic level but the author cannot wholly support 

this. 

Because of complications introduced by relative rates of sediment

ation, interpretation of fossil assemblages is best limited to qual

itative rather than quantitative criteria. A number of difficulties 

may arise in interpretation, especially whether a particular assemblage, 
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or thanatocoenose, represents the environment in which it was dis

covered. Local horizontal or vertical mixing may be brought about 

by the actiVities of mud - burrowing or mud - eating animals. storm 

induced turbulence and currents may redistribute tests or introduce 

exotic forms from other enVironments. There is also the possibility 

of bulk displacement of sediments such as lo)'as described in chapter 

9, or diagenetic chanees during the compaction and subsequent his

tOT,1 of the rocks. 

HOi-TeVer, these difficul ties 1'1ill only confuse deltaic features 

on a small scale. The general characteristics outlined above should 

give a clear indication of deltaic deposits and a good sample 

coverage will yield sufficient information to distinguish deltaic 

environments on their sedimentary characters and foraminiferal faunas. 
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C HAP T E R 12 

SYSTEMATIC DESCRIPTIONS 

Introduction 

The s,ystem of classification adopted in this thesis follows 

that of Loeblich and Tappan (1964). Species have been identified 

by means of the Catalogue of Foraminifera, microfilm edition, 

(Ellis and folessina, 1948 et . seq.), and by reference to original 

pUblications where possible. In addition, the greater part of the 

Recent Foraminifera collection in the Protozoa section of the 

British Museum of Natural History was examined, particularly the 

type specimens deposited there. A number of topotypes were also 

studied and in all cases reference is made in the text to any 

holotype, topotype 'or hypotype specimens that have been examined 
\ 

for comparison with Ebro delta specimens. 

In all, 126 ' species are listed, 115 of which were discovered 

living in the various environments. The remaining 11 species were 

found only in the dead population or in core samples and are 

designated by a double asterisk. Only the 57 most common species 

are described in detail although no attempt has been made to list 

the full synonomy.. only the main taxonomic changes are included. 

The remaining species are simply listed with their type references. 

All species have been photographed by means of a scanning electron 

microscope and reference is made in the text to plate and figure 

numbers of each. Type slides containing the Ebro delta hypotype 

specimens have been presented to the Br1 tish fofuaeum, Protozoa section, 

for inclusion in the Recent Foraminifera collection. 



P}vlua PRO T 0 Z 0 .A. Goldfus8 1817 

order FORAMINIFERIDA. Eichwald 1a,Q 

SUborder TEXTOLARIINA Dela8e &: Reroua:rd 1896 

SUperfamil.y AIvlMODISCACEA Reuss 1862 

FamiJ..y Saocsmmi njdae Brady 1884 

Psammosphaera bo'Wlllani ID.'RON - ALLEN &: E.ARL.AND 

Plate 1, figure 1. 

B.M. no. 1969:4:30:1 

Heron - Allen and Earland 1912: On some 

Foraminifera from the North Sea dredged by 

the Fisheries cruiser 'Goldseeker'. Pt. 1. an 
acme new Astrorhizida.e and their shell structure. 

Roy. Micr. Soo. Jour. p. 385, pl. 5, figs. 5-6. 

SaoC8lllllina atlantica --(cusm'IAN) 

Plate 1, figures 28, 2b 

B.J.I. no. 1969:4: 30: 2 

Proteonina atlantica Cushman 19441 Foraminifera from the 

shallow water off the New England coast. 

contr. CUshman Lab. Forsm. Res. Spec. PUbl. 

no. 12, p. 5, pl.1, fig. 4. 

Reophax atlantica various ~thor8 
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DesCription: Test free, pyriform, a single chamber tapering grad-

ually to the apertural end; aperture teI1llinal, rounded: wall very 

coarsely arenaceous; dimensions of ~otype: length 0.52 m., max. 

diameter 0.32 l1li1. 

Rema,rl(s: Al though the outline is often similar, this species is 

easily distinguished from s. difflugj.formis by its larger size and 

more coarsely arenaceous test. 

SaccBllllllina comprima (PHLEX:ER & PARKER) 

Plate 1 , figure 3 

B.H. no. 1969:4:30:3 

Proteon1na comprima Phleger and Parker: Ecology of Foramin-

ifera, Northwest Gul:t ot Mexico. Part II, 

Foraminifera opecies. 

Geol. Soc. America Mem. no. 46, 1951, pt. 2, 

pl. 1, figs. 1 - 3. 
Reophax comprima various authors 

Descriptions Test free, compressed, a single chamber, ovate in 

"outline but tapering towards the apertural end: aperture terminal, 

ovate, without a dis"tlrict neck: walt agglutinated with a rough 

surface of sand grains of various sizes, weakly cemented: size ot 
h3Potype: length 0.46 mm., width 0.24 mm., thickness 0.20 JIIIIl. 

Saccammi..na difflugiformis (BRADY) 

Plate 1, figure 4 

B.~l. no. 1969:4:30:4 

Reophax difflUgifoZ'mis Brady 1879: Sane notes on some of 

the reticularian Rhi.zopoda of the Challenger 
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expedi tion. 

Quart. Jour. Micr. soc. n.s. vol. 19, p. 51, 

pl. 4, figs. 3a - b. 

Proteonina difflugiformie various authors 

Description: Test free, pyriform, wi th a single chamber; apertu2e 

tex-..unal, rounded, at end of a slight neck: wall agglutinated; 

surface texture fairly snooth; dimensions of hypotype: leneth 0.55 
mm., max. Qiameter 0.29 mm. 

Remarks: Brady's syntypes were examined at the British MUseum 

(slide no. 85110:3,28); sane have a very pronounced flask shape, 

but there are many specimens that are identical to the Ebro delta 

specimens. 

Sacc-arnmj na lagungula (BHOMBLER) 

Plate 1, figure 5 
B.M. no. 1969:4:30:5 

Lagenamm; na laguncula Rhumbler 1911: Plankton - Exped. Humboldt 

_.stiftwlg, Ergeb., Kial u. Leipzig. 

Ed. " L.c., \ pp. 92 - 111, pl. '1, fig. 4. 

. SUperfamil.y LlTUOLACEA de Blainville 1825 

Family HOImosinida.e Haackel 1894 

Reopha.% cylindrica BRADY 

Plate 1, figure 6 . 

BJ·1. no. 1969:4:30,6 

R.B. Brady 18841 Report on the FOraminifera 



dredged by H.H.S. Challenger during the years 

1873 - 1876. 

Repts. Challenger Exped. ZOol. pt. 22, vol. 9, 

p. 299, pl. ,2, figs. 7 - 9. 

Reophax dental.i.nifonnis (BRADY) 

Plate 2, figure j 

B.n. no. 1969:4:30:7 

14 tuola dentalinifomis Brady 1881: Notes on some of the 

reticularian Rhizopoda of the Challenger exped

ition. 

Quart. Jour. Micr. soo. n.s. vol. 21, p. 49, 

(Type figure I Brady 1884: Challenger Repts. 

Zool. vol. 9, pl. 30, figs. 21 - 22). 

Reophax c.-r. R. 1'usifonnis (WIIJ,TJEOON) 

Plate 2, figure 2 

B.N. no. 1969:4:30:8 

Pi'Ote?mina fusifonnis Williamson 1858: On the Recent Foram-

inifera o-r Great Britain. 

~ Soc. p.1, pl. 1, f~g. 1. 

Reophax monilifonne SIDDALL 

Plate 2, figure 3 
B,.M. no. 1969:4:30:9 

Siddall J.D. 1886: Report on the Foraminifera 

of the L.H.B.C. District, In: Liverpool 
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Harine Biological Committee Repts. no. 1. The 

first report upon the fauna of Liverpool Bay 

and the neighbouring seas. 

Lit. Phil. soo. Liverpool Proo. vol. 4Q, p.54. 

Reophax Dana RHUMBLER 

Reophax BCorpiurus 

Plate 2, figure 4 

B.M. no. 1969:4:30:10 

Rhumbler L. 1911 & Plankton - Exped. Humboldt 

Stiftung, Ergerb. Kiel u. Leipzig. 

Ed. 3, L.c., p. 182, pl. 8, figs. 6 - 12. 

DE MONTFORT 

Plate 2, figure 5 

BJ.l. no. 1969:4:30&11 

Denys de Montfort 1808: Conchyliologie s,ystom-

atique at classification methodique des coquilles. 

F. SchoeU, Paris, tome 1 , p. 33 1 , type figure 

____ po 330. 

Description: Test free, elongate, uniserial rectilinear: chambers 

about 6 in the adult specimen, increasing considerably in size as 

added, final chamber considerably larger and more inflated than 

the rest. sutures hOrizontal, depressed, not always distinct in the 

earlier part of the test; aperture te:rminal, rounded, at end of 

tubular neck; wall B8g1.utinated, surface roUf;h; dimensions of hypo

type I length 0.94 mm., max. diameter 0.24 mm. 



Reophax scottii CHASTER 

Plate 2, figures 6a - b 

B.M. no. 1969:4:30112 

Reophax noduloea (1) Scott 1860: 8th.Ann. Rept. Fishery 

Board of Scotland, Pt. III, p. 314. 

Reophax scotti! Chaster 18921 Report on the I'Oraminif'era of 

the Southport Society' of "atural Science Die

trict. 

Southport Soc. Nat. Sci. Rept. 1st Rept. (1890 -

1891) Append. p. 57, pl. 1, fig. ' 1. 

Description: Test free, elongate, straight or slightly arcuate, 

uniserial, compressed; chambers numerous, usually 12 or more in the 

adult specimen, ovate to subtriangular in outline with a subacute 

periphery, lower margin of each chamber horizontal, tapering to 

apertural end, each chamber slightly overlapping the previous one; 

aperture teminal on final chamber, a small narrow alit; wall 

finely arenllCeous, composed of plate - like particles slightly ovez

lapping each other; test translucent, flexible when wet; dimensions 

of hypotype: length 0.51 mm., max. width 0.08 mm. 
Remarks: Chaster's syntypes in the British Museum (slide 1955: 10: 

25:490 - 496) generally have more globular, less compressed chambers 
\ 

and a slightly coarser arenaceous texture, but two of the specimens 

. are identical with the Ebro delta hypotype. The latter are also 

identical with specimens collected off Millport in the Heron - Allen 

collection in the British Museum (slide 1955110:20:167 - 1TI). 

Reophax subfusiformis EARLAND 

Plate 2, figure 7 

B.M. no. 1969:4:30:13 
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Earland J.. 19331 

Georgia. 

Foraminifera Pt. III South 

Discover,y Repts. vol. 7, p. 74, pl. 2, figs. 16-19. 

F~ Nouriidae Chapman and Parr 1936 

Nouna pol.ymorpb.i.des HERON - ALLEN &: E.ARLAND c, 

Plate 2, figure 8 

B.M. no. 1969:4:30:14 

Heron - .Allen and Earland 19141 
of the Kerimba Archipelago. 

Foraminitera 

Trans. Zool. Soc. London vol. 20, pt. 12, p. 376, 

pl. 37, figs. 1 - 15. 

F~ Rzehakinidae CUshman 1933 

MUiammina tusea BRADY 

\ 
Plate 2, figure 9 
BJM. no. 196914:30:15 

Brady 1870: Ann. Mag. Nat. Hist. London 

sere 4, vol. 6, p. 286, pl. 11, figs. 2 - 3. 

Family IJ. tuolidae de BlBinvUle 1825 

HaplaphragmOides canariensis (D'OREcrGNY) 

Plate 2, fieure 10 
B.M. no. 1969:4:30.16 



NOnionina canAriensis A. d'Orbigny 1839, 

Iles Canaries. 

Foraminiferes des 

Description: Test 

Hist. Nat. des Ilea Canaries, P. Barker - Webb 

. & Sabin Berthelot, Bethune, Paris, tome 2, 

pt. 2, zool., p. 128, pl. 2, figs. 33 - 34. 

free, planispiral, involute, biumbonate, slightly 

usually 6 in the compressed, periphery rounded; chambers inflated, 

final whorl, increasing rapidly in size as added; sutures distinct, 

radial and depressed; umbilici fairly small and depressed; aperture 

a narrow interiomarginal, equatorial slit; wall agglutinated, of 
fine sand grains giving a smooth surface; dimensions of bypotype: 

Max . diameter 0.39 mm., min. diameter 0.31 mm., thickness 0.17 mm. 

Remarks: Specimens from the Ebro delta agree well with specimens 
", 

from various parts of the Atlantic region in the Brady and Heron-

Allen collections in the Bri tisb Museum. 

,6!Dmobaculi tee oJ. 1. arenaria NATLAND 

Plate 3, figure 1 

B.M. no. 1969:4:30:17 

M.L. Natland 1938: New species of Foraminifera 

-~ff the west \ coast of North America and from 

the later Tertiary of the LOI!! Angeles basin. 

Bull. Scripps !nst. Oceanogr. Tech. Sere vol. 4, 

pt. 5, p. 139, pl. " figs. 1 - 2. 

AlDmotium c.:!. A. salsum (CUSHMAN 8l BRONNIMAN) 

Plate " fieure , 

B'}1. no. 1969:4,30,18 

Ammo baculltes salsus Cushman & Bronniman 1948, Contr. Cushman 



Lab. Foram. Res. vol. 24, pt. 1, p. 16, pl. " 

figs. 7 - 9. 

P8II1ily Textulartidae 'Ehrenberg 1838 

Textularia calva LALICKER 

Plate:· " figure , 

B.M. no. 1969,4"0,19 

e.G. Lalicker 19'51 
the genus Textularia. 

Two new Foraminifera of 

Smithsonian lnet. Niec. Coll. Washington, vol. 91, 

pt. 22, p. 1, pl. 1, figa. 1 - 2. 

Descriptionl Test free, biserial, subtriangular in outline from 

the side and subcircular in end view; chambers numerous, broad, 

increasing in size as added, early chambers slightly compressed; 

sutures generally indistinct except in the later part of the test 

where they become a little depressed; aperture a low broad slit 

along the inner e~ . of the last formed chamber, wall agglutinated 

wi th a fairly rough texture apart \ from a smooth apertural face; 

dimensions of hypotype: length 0.78 mm., max. width 0.45 lIlII\., max. 

thickness 0.,6 mm. 

Remarks: The type locality for this species is near Puerto Rico, 

but it has , commonly been described from the 11editerranean. parker 

( 1958) recorded it from cores from the eastern Medi terranean and 

she notes that Lalicker positively identified some of her speoimens 

from otf the I sland of Delos. 

Textularia tenuissima EAlU&AND 



Plate 3, figure 4 
B.M. no. 196914130120 

Earland E. 19331 Discovery Repts. vol. 7, 

p. 95, pl. 3, figs. 21 - 40. 

Textularia asp. ** 

Plate 3, figure 5 
B.M. no. 1969&4&30&21 

Family Trochemminidae Schwager 1877 

Trochammina c.t. T. advena eoSIn-tAN 

DeSCription: 

Plate 3, figures 6a - b 

B.M. no. 1969:4130:22 

Cushman 1922: Shallow water Foramini£era of 

the Tortugas region. 
- - -Carnegie Inst~ washington Publ • . no. 311, p. 20, 

pl. 1, figa. 2 - 4. 

Test free, trochospiral, outline lobulate, periphery 

rounded; chambers inflated, ovate, increasing in size as added, 

four in final whorl, 2 - 2t whorls in the adult specimen, all 

chambers visible from the spiral dorsal side, only those of last 

whorl Visible ventrally; ventral umbilicus slightly depressed; aper

ture a low extra - umbilical - umbilical arch: wall aggluti nated, 

canposed of small sand grains giving a smooth surface texture; 

dimensions of hypotype: max. diameter 0.40 mm., min. diameter 0.36 

mm., max. thickness 0.24 mm. 



Trochammina inflata (MONTAGU) 

Plate 3, figure 7a - b 

B.M. no. 1969:4:30:23 

Nautilue inflatus MOntB8U 1808. Testacea Britanni~a, Supplement. 
Exeter, p. 81, pl. 18, fig. 3. 

Trochammina lobata CUSlJ1r1AN 

Plate 4, figures 1a - b 

B.l>l. no. 1969: 4,30: 24 

J.A.Cushman 1944: Foraminifera of the New 

England coast. 

Contr. Cushman Lab. Foram. Res. Spec. Publ. 

no. 12, p. 18, pl. 2, fig. 10. 

Description: Test free, biconvex, periphery subacute, trochoid, two 

whorls in the adult specimen; chambers distinct, the last formed 

parts may be slightly inflated near the sutures, 6 - 8 in final 

whorl, increasing gr~uau.y in size as added; all char.lbers visible 

from the dorsal side, only those tof final whorl visible ventrally; 

last formed chamber has a large lobe extending to cover the ven

tral umbilicus, sutures distinct, slightly depressed, more curved 

dorsally than ventrally; aperture ventral beneath umbilical lobe of 

final chamber; wall agglutinated, of fine sand grains giving a 

Bllooth surface texture; dimensions of hypotype: max. diameter 0.35 

rom., min. diameter 0.25 mm., thickness 0.12 mm. 

Remarks: Ebro delta specimens have a more acute periphery than 

the type figures of Cushman's holotype, and the inflation of the 

leading edges of the chambers often gives a more lobulate outline. 

However, the features of this species are distinct enough for 



them to be placed without much doubt alongside Cushman 18 specimen. 

Trochammina lip. 

Plate 4, figures 2a - b 
B.M. no. 1969:4:30:25 

AlnmOsphaeroidina sphaeroidinif'ormis (BRADY) 

Plate 4, figure 3 
B.M. no. 1969:4.30:26 

Haplophraepium sphaeroidinifonne H.B. Brady 1884: Repts. 

Challenger Exped. Zool. pt. 22, vol. 9, p. 313. 

Description: Test f:z.see, subspherical, streptospiral; chambers few, 

only the three of the final whorl visible, globular: sutures dis

tinct, depressed; aperture a narrow interiomarginal arch; wall 

agglutinated, usually with a fair~ smooth surface; dimensions of 

~otype: max. diameter 0.28 rom., min. diameter 0.18 rom. 

Remarks: Braqyls t,ype localit,y for this species is in the Med-

i terranean, and it has also been recorded from the j.tlantic and 
the Pacit'ic. --_. 

Jadammina macrescens (BRADY) 

Plate 4, figure 4 

BJM. no 1969:4:30:27 

Trochammina inflata Montagu vu. macrescens H.B. Brady 1874: 

An analysis and description of the Foramifera. 

In Brady G.S. and Robertson D. The ostracoda 

and Foraminif era of tidal rivers. 

Ann. Mag. Nat. Rist. sere 4, vol. 6, p. 290, 

pl. 11, figs. 5a - c. 
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Famil;y Ataxophr~idae Schwager 1871 

Trella scabra (WILLIAMSON) 

Plate 4, figure 5 

B.M. no. 1969:4t;0.28 

Dulimina scabra Williamson 1858. 
of Great Britain. 

On the Recent Foraminifera 

Ray Soc. p. 65, pl. 5, figs. 136, 137, 

Verneulina polystropha (Reuss) Heron - Allen and Earland, PaIiatr 

and Jones, Brady, Wright etc. 

Verneuilina scabra (Williamson) Cushman 1922: u.S. Nat. Mus. 

Bull. vol. 104, pt. 3, p. 55. 
Eggerella scabra (Williamson) Cushman 1937: Spec. Publ. 

Cushman Lab. no. 8, p. 50 - 51, pl. 5, figs. 10, 11. 

Description: Test free, elongate, tri.serial, increasing in width 

tOWards aperture: chambers inflated, especially the later onesr sut

ures more distinct in later portion of test, gently curved, slightly 
depressed; aperture - e. ~ Snall ovate opening at base of terminal 

chamber lying in the sutural depression between the last two chambers; 

wall agglutinated, composed of . fairly fine Sand grains, and having 

a moderately rough surface texture, dimensions of hypotype: length 

0.49 mm., max. diameter 0.;0 mm. 

Remarks: Apart from having slightly more distinct chambers, Ebro 

delta specimens are identical with Williamson's s,yntypes deposited 

in the British Museum (slide 96:8:1;:30). Other collections in the 

Bri tish l'"useum, such as the Brady and Heron - Allen and Earland 

collections, also contain identical specimens, but usually wrongly 

referred to Verneuilina pOlystropha (Reuss). 



Efprella advena (cosmaN) 

Plate 4, figure 6 
B.M. no. 1969.4:'0,29 

Verneui.lina advena J .A. Cushman 1922, 

1921, no. 9, p. 141. 

glavulina 0 bacura CHASTER 

Plate 4, figure 7 

B~. no. 1969:4:30:30 

Contr. Canadian BioI. 

Description: Test free, elongate, straight, circular in aection; 

chambers not very distinct, and so arrangement in earlier part of 

test is obscure, later chambers uniserial, subcylindrical, slightly 

inflated, increasing in size as added, final chamber largest and 

tapers slightly towards the aperture; sutures indistinct except in 

later part of test where they are horizontal and slightly depressed; 

aperture terminal, ovate; wall agglutinated, of small, angular sand 

grains giving a rough surface texture; dilDensions of hypo type , 

length 0.26 mm., max. diameter 0.08 mm. 

Remarks, Ebro delt-a---epecimens are, identical with CPaster' 8 syntypes 

depoB1ted in the BritiBh Museum (slide 1955.10125:433 - 434). 



Suborder Mn.IOLINA. Del~ &: Herouard 

SUperfamily MILIOLACEA. Ehrenberg 1~ 

Family Fischerinic1ae Millet 1898 

gyclogzra incerta (D'ORB[GNY) 

Plate 5, figure 1 

B~. no. 1969:4:30:31 

Operculina incerta A. d' Orb.i.gny 18391 In - Ramon de la 

Sa&ra, Histoire physique et naturelle de l'Ile 

de Cuba. 

A. Bertrand, Paris, p. 49, vol. 8, pl. 6, figs. 

16 - 17. 

Cornuspira incerta various authors 

DeSCription: Test free, discoidal, plani spiral , evolute; small 

globular proloculus, long undivided planispirally coiled second 

chamber which increases gradually in width towards the outer coils, 

41- - 5 coils -in the- adult specimen; aperture rounded, at open end 

of secon§ chamber; wall 

dimena10ns of h,ypotype: 

calcareous, porcellanoue, translucent; 

diameter 0.26 mm., thickness 0.08 mm. 

Family Nubecu1ari1c1ae Jones 1875 

Vertebralina striata D'ORBlGNY 

Plate 5, figures 2a - b 

B~. no. 1969:4130132 
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A. d'Orbi~ 18261 Tableau Il~thodique de 1& 

classe des Cephalopodes. 

Ann. Sci. Nat. Paris sere 1, tam. 7, p. 283. 

Faad17 H:iliolidae Ehrenberg 1839 

Quingueloculina depressa D'ORmGNY 

Plate 5, figure 3 
B.~l. no. 1969:4130133 

A. dlOrbigny 1852: prodrome de Paleontologie 

stratigraphique universelle des an;maux molluscs 

et rayonnes. 

V. Masson, Paris, vol. " p. 196. 

Qu1ngueloculina laevigata (D'ORBlGNY) 

Plate 5, figure 4 
BJM. no. 1969.4130134 

Triloculina laevigata 
\ 

A. d'Orbigny 1826: Tableau methodique 

de la clasae des cephalopodes. 

Ann. Sci. Nat. Paris sere 1, tome 7, p. 134. 

Triloculina oblonga (}tontagu) Cushman 1931. Foraminifera of 

the Atlantic Ocean. 

U.S. Nat. Mus. Bull. 104, pt. 6, p. 57, pl. 13, 

fig. 4. 

Miliolina laevigata (dIOrbi~) Heltlll- Allen and Earland 1922: 

Soc. Sci. Bist. Nat. Corse Bull. p. 118, pl. 1, 

figs. 11 - 14. 
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Description: Test free, elongate, subrectaneular, quinqueloculine; 

chambers ~stinct, arcuate, inflated, with a rounded periphery, 3 

visible on one side, 4 visible on opposite side: sutures distinct, 

depressed; aperture term.ina1 on the final chamber, with a small 

bifid tooth that slightly projects beyond the aperture: wall cal

careous, porcellanous, thin, translucent, surface bumpy; dimensions 

of ~otypel length O.YT m., width · 0.22 m., thickness 0.14 m. 
Remarks: A few specimens have a triloculine arrangement~ of chambers. 

QUingueloCUlina longirostra D'ORBIGNY 

Plate 5, figures 5a - b 

B.M. no. 1969.4:30:35 

Frumentaria seminulum SOldanii 1795~ Testaceographiae etc. 

vol. 3, p. 295, tab. 152, figs. F, H. 
Quingue10culina 10ngirostra A. d'Orbigxv 1826: Tableau m'thod-

ique de 18 J classe des cephalopodes. 

Ann. Sci. Nat. Paris sere 1, tome 7, p. 303. 

Description: Test free, elongate, quinqueloculine, periphery acute 

with a narrow keel; chBmbers arcuate, 3 visible from one side, 4 

Visible .from the opposite side; sutures distinct, depressed; ape1\

ture tem:inal, rounded, at the end of a distinct neck on final 

chamber; neck may have lOngi ti tudinal striations and aperture has 

a small bifid tooth; wall calcareous, porcellanoU8; dimensions of 

hypotypes length 0.93 mm., width 0.44 mm., thickness 0.27 mm. 
Remarks: This species has 8 long and confusing history. Soldanii 

Was the first to record it in 1795, but d'orbigny renamed it 

when he discovered it in the Pliocene of Italy. However, he did 

not figure the species until 1846 when he described larger forms 

from the Miocene of the Vienna Basin. Earlier this century, Cush

man revisited the type localities in Italy and figures topotypes, 



(Cushman ' 1945). He al80 recognized that Adeloaina laevigata d'Orb1goy 

val! the JUVenile stage of Q. longirostra and that d'Orbigny gave 

all the 70ung megalospheric forms of Quingueloculina the name 

I Adelosina' • Loeblich and Tappan (1964) designated a lectotype from 

the original types of A. laevigata deposited in the Nusee National 

d I Histoire Naturelle, Paris. They note that the original figures 

show a distinct apertural tooth but that this was apparently broken 

away in the lectotype. Juvenile specimens of Q. loneirostra fro m 

the Ebro delta agree well vi th the figures of the two - chambered . 

lectotype. 

There is a great deal of morphological variation wi thin this 

species and many authors have undoubtedly assigned 80me of the 

variants to other species. Weisner (1923) described several species 

and varieties from the Adriatic and Silvestri (1899) has noted 

some Adelosinas from the Pliocene of Italy (e.g. A. procera and 

A. zBngheri) vhich are very similar to varieties of Q. longirostra. 

Kruit (1955) recognized three varieties of Triloculina longirostra 

from the RhOne delta, all of which can be distinguished from the 

Ebro del ta, al thoup they have not been separated . in foraminiferal 

population counts. 

---_ .... -
Quingueloculina rttepsa D'ORBIGNY 

Plate 5, figure 6 

B.l1.no. 1969,4:30s36 

A. d I Orbigny 1852, Prodrome de paleontologie 

stratigraphique universe1le des animau% molluscs 

et rayonnes. 

V. Masson, Paris vol. " p. 195. 



Quinguelocu!ina echlum~ergeri (WEISNER) 

Plate 6, figure 1 

:B~1. no. 1969.4.30.37 

Quingueloculina stelligera Schlumberger 1893. f.lonographie dee 

I1iliolideee du Golfe de Marseille. 

Soc. Zool. France Mem. Paris vol. 6, p. 68, 

pl. 2, figf5. 58 - 59. (Not Q. stelligera 
Terquem 1882) • 

Miliolina stelligera (Schlumberger) Sidebottom 1904: Report 

on the Recent Forllll1initera tl-om the coast ot 
the leland of Delos. 

MelD. Manchester Lit. &: Phil. Soc. p. 1, pl. 14. 

Miliolina schlumbergeri Weisner 

5stlichen Adria. 

fig. 73. 

1923. Die Niliolideen der 

Prague, 1923, p. 49, pl. 6, 

.' Description: Test free, elongate, quinqueloculine; periphery acute 

to subacute; chambere arcuate, triangular in section in the more 

acute specimens; sutures distinct, slightly depressed; aperture 

terminal on last fonned chamber, rounded, with small bifid tooth; 

wall calcareous; - porcellanou8; size of hypotype. ~ength 0.26 mm., 
\ 

width 0.14 mm., thickness 0.10 mm. 
Remarks: This species was first named by Schlumberger in 1893, 

but he used a name alre~ used by Terquem for an Eocene species. 
However, Weisner renamed it in 1923. 

guingueloculina seminulum (LINNE) 

Plate 6, figure 2 

B~. no. 196914,30:38 
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Serpula seminulum Linne 1758: Systems. naturae Ed. 10, vol. 1, 

p. 786. 

Miliolina seminulum (Linne) Brady 1884: Repts. Challenger 

Exped. Zool. vol. 9, p. 157. 
Qu.inguelocu1ina. semirrulum (Linne) Cushman 19:53s Foraminifera 

of the Atlantic Ocean. 

U.S. Nat. Mus. Bull. pt. 6, p. 24, pl. 2, 

figs. 1 - 2. 

Descriptionl Test free, elongate, ovate in outline, quinqueloculine; 

chambers arcuate with a rounded to subacute periphery, 4 chambers 

Visible on one surface, :5 chambers visible on oppoai te side, 

sutures distinct, slightly depressed; aperture rounded to ovate, 

terminal on last fonned chamber, with a simple tooth; wall ca.lc~ 

eous, porcellanoU8; dimensions of hypotype: length 0.68 mm., width 

0.48 mm., thickness 0.35 m. 
Remarks: Loeblich and Tappan (1964) state "Because of the wide 

Variety of fonns included in Q. seminulum by various authors, the 

inadequate original. description and figures and the loss of the 

Original ~e, a ne9type was designated from the original type 

locality and 1s here figured lt • (toeblich and Tappan 1964, p. C458). 

These figures agree exactly with the Ebro del ta specimens. Also 

commonly ocCUft'ing around the Ebro del ta is a variety of Q. aaminulum 

which differs flQll- -tb.e neotype in havill8 a more elongate outline. 

QH1nQueloculina ap. 

\ 

Plate_" 6, figures 3a - b 
B~. no. 1969141301'9 
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Ppso inornata (D'ORBIGNY) 

Plate 6, figure 4 

BJM. no. 1969:4:}o:4O 

Biloculina inornata A. d'Orbigny 1846: Foramini£eres fossiles 

du baaein tertiare de Vienne. 

Gide et Camp., Paris, p. 266, pl. 16, figs. 7 - 9 

Mass11ina secans (D'ORBIGNY) 

Plate 6, figures 5a - b 

B.N. no. 1969:4:30:41 

quinguelocul.ina secans A. d'Orbigny 1826: Tableau methodique 

de la classe dee cephalopodee. 

Ann. Sci. Nat. Paris ser. 1, tome 7, p. 303. 

Triloculina dubia D'ORBIGNY 

Plate 7, figures 1a - b 

B.l-l. no. 1969,4:30:42 

Trilocul.ina dubi-a A. d'Orbigny \ 1826: Tableau methodique de la 

classe des cephalopodes. 

Ann. Sci. Nat. Paris sere 1, tome 7, p. 303. 

1'yPe figure: Fornasini 1905: R. Accad. Sci. 

Inst. Bologna, Mem. Sci. Nat. sere 6, tomo 2, 

p. 62. 

Mil10lina lAdelosina) laevignta ( d I Orbigny) Heron - Allen and 

Earland 1922: Foraminiferee des sables rouges 

du Golfe d'Ajaccio, Corse. p. 118, pl. 11, 

figs. 15 - 18. 
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Description: Test free, elongate, triloculine; chambers arcuate 

wi th acute periphexy. on one side of the test two chambers are 

visible and surface is flat and smooth, on opposi te side three 

chambers ue visible; sutures distinct, slightly depressed; aperture 

teminal on last fonned chamber, rounded, wi th a snall rudimentar,y 

tooth; vall calcareous, porcellanous, smooth apart from oCcas1onal 

striatione near the aperture; dimensions of ~typ.: length o. Tj 

mm., max. Y.idth O.,a mID, max. thickness 0.23 m. 

Triloculi.na marioni. SCBLUMBERGER 

Plate 7, figures 2a - b 

BJM. no. 1969:4:30:4' 

c. Schlumberger 189', f1onographie des f.1iliolidees 

du GoUe de Marseille. 

Soc. zool. France MelD. tome 6, p. 62, pl. 1, 

figs. ,a - 41. 

Trilocullna rotunda D'OR.BIGNI 

I 

Plate 7, figures 'a - c 

B.M. no. 1969:4:30:44 

A. d'Orbigoy 1826: .Ann. SCi. Nat. Paris, 

sere 1, tome 7, p. 299, no. 4. 

Type figure: c. Schlwoorger 189': Soc. zool. 

France Men. tome 6, p. 64, pl. 1, figs. 48 - 50. 

Descriptions Test free, subspherical, triloculine, periphexy broadly 

rounded; chambers much inflated, two visible on one side, three 

Visible on oppoai te s:ido; aperture tenninal on the last f6nned 

chamber, rounded, with a distinct lip and a strong bifid tooth 
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projecting beyond the aperture; 

ly vi th tranfJ'ler8e • wri.nkles' ; 

m., max. vi.th 0.52 mm., max. 

Trllocul.ina sp. 

wall calcareous, porcellanous, COIllll1Qn

dimensions of bypOtype: length 0.68 

thickness 0.44 II1II1. 

Plate 7, figures 4a - b 

B.M. no. 1969:4,30:45 

Description: Test free, 1SlI8l1, elongate, triloculine, slightly com-

prel!lsed, roughly ovate in outline, periphery rounded; chambers alone'

ate, l!Ilightly inflated, last fonned chamber significantly larger than 

preceding ones and is much broader at initial end ~ towards 

the aperture; sutures disti.nc~, slightl,. depressed, aperture terminal 

on the last fonned chamber, rounded; wall calcareous, porcellanoue, 

translucent; dimensions of hypo type , length 0.,2 mm., max. width 0.14 

m., max. thickness 0.10 mm. 
Remarks: This species is common in several of the samples from 

the western Mediterranean area and also frem the British Isles 

area but no author appears to have figured or named it as yet. 

It varies considerably in size (English Channel specimens are 

generally more th~ - twice the size of Ebro delta forme), and 

quinqueloculine specimens are not uncommon. It bears a good deal 

of 1!Iimilar.l. ty to Miliolinella microstoma Warren ( 1957), but it does 

not POISl!JeU the 'camna - shaped' aperture that Warren describes. 
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su.border ROTALIINA Delage &: '1ierouard 1896 

SUperf8lllily NODOSARIACEA Ehrenberg 1838 

Family Nodosariidae Ehrenberg 1838 

AlDphicor;yna scalaris (BATSCH) ** 

Plate 8, figure 1 

BJM. no. 1969:4:30:46 

Nautilus (Orthoceras) scalaris Batsch 1791: 

marinae tabulae sex •••• 

Testaeeorum arenulae 

Jena Univ. Press 1791, pp. 1 - 4. 

Lagena clavata (D'ORBIGNY) 

Plate 8, figure 2 

_ _ B.M. no. 1969:4::;0:47 
\ 

Colina clavata A. d 'O.'bigny 1846: Foraminifma tossiles du 

bassin terti are de Vienne. 

Gide et Canp. Paris, p. 24, pl. 1, figa. 2- 3. 

Lagena c.t. L. semistriata WILLIAMSON 

Plate 8, figure 3 

B.M. no. 1969:4:30:48 

Lagena striata (PIontagu) var. f3 , semistriata Williamson 1884: 
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On some Recent Br:i. tish species of the genus 

Lagena. 

Ann. Mag. Nat. Hist. sere 2, vol. 1, p. 14, 

pl. 1, figs. 9 - 10. 

Lae:en& substriata WILLIAMSW 

Plate 8, fi8ure 4 

B.M. no. 1969:4:30:49 

Williamson 1848: On 

species of the genus 

Ann. Mag. Nat. Rist. 

pl. 2, fig. 12. 

Lagena sulcata (WALKER & JACOB) 

Plate 8, figure 5 

B.M. no. 1969:4:30:50 

Serpula sulcata Walker & Jacob 1798: 

some Recent British 

Lagena. 

sere 2, vol. 1, p. 15, 

in "Adam's essays on 

the microscope" • Ed. 2, Dillon and Keating, 

Londo~, ,p. 634. 

,Lagena tenuis (BORNEMANN) 

Plate 8, figure 6 

B.M. no. 1969:4:3Ot51 

0VU1ina tenuis BOrnemann 1855: Die mikroekopische Fauna des 

Septamenthones von Hermsdorf bei Berlin. 

Deutsch Geol. Geo. Zeitschr. Berlin, Bd. 7, 

Heft. 2, p. 317, pl. 12, figs. 3a - b. 
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Lagena vulgaris WILLIAMSON 

Plate 8, figure 7 
B.M. no. 1969:4:~:52 

Williamson 1858: 

of Great Britain. 

On the Reoent Foraminifera 

Ray Soc. p. 3, pl. 1, figs. 5, 5a. 

Note: Species ot Lagena originally described by Williamson have 

all been verified against his type specimens daposi ted in the 

Bri tieh Museum. 

Family Glandulinidae Reusa 1860 

Fbsurina lucida (WILLI.AHSON) 

Plate 8, figure 8 

B.M. no. 1969:4,30:53 

Entoeolen1a . marsinata (Mont~) var. lucida Williamson 1848: 

Fieeurina ap. 

On the Recent Bri tim species of the genus 

Lagena. 

Ann. Mag. Nat. Rist. sere 2, vol. 1, p. 17, 

pl. 2, fig. 17. 

Plate 8, figure 9 

B.M. no. 1969:4:30:54 



SUperf8llily BDLIMINACEA Jones 1875 

Family Turrilinide.e Cushman 1927 

Buliminella elegant1seima (D'ORBIGNY) 

Plate 8, figures 10a - b 

B~. no. 1969:4:30:55 

Bulimina elegantissillla A. dtOrbi~ 1839: Voyage dans l'Arner-

ique Meridionale. Foram..inif'eres. 

Levrault, Strasbourg, tome 5, pt. 5, p. 61, 

pl. 7, figa. 13 - 14. 

;!!1limjnella e1egantiesima (d'Orbigny) Cushman 1911: u.s. Nat. 

~rus. Bull. vol. 71, p. 89. 

Description: Teat free, fusiform, trochoapiral; chambers numerous, 

high and narrow, very slightly inflated; sutures distinct, slightly 

depressed and gently curved; aperture elongate with upper end broader, 

at. base of apertural f~e of laet formed chamber which extends 

about one third down the length of' the test; wall calcareous, 

hyaline, finely perforate, radial in structure; dimensiODs of hypo-

type: length 0.26- mm., max. diameter 0.09 mm. 
\ 

Family Bolivinitidae Cushman 1927 

BoliVina pseuo.oplicata BERON - ALLEN & EARL.AND 

Plate 8, figure 11 

S.M. no. 1969:4:30:56 

Heron - Allen and Earland 1930: The Foraminifera 
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of the P~outh District. pt. 1. 

Roy. f.licr. Soc. Jour. ser.:3, vol. 50, p. 81, 

pl. 3, figs.:36 - 40. 

Brizalina e.t. B. aenariensis COSTA 

Plate 9, figure 1 

B.l·l • . no. 1969:4:30:57 

O.G. costa 1856: Paleontologia del reguo eli 

NapOli, Parte II. 

Accad. Pontaniana Napoli Atti. vol. 7, faso. 2, 

p. 297, pl. 15, figs. 1a, A, B. 

Brizalina pseudopunctata (HOGLUND) 

Plate 9, figure 2 

B.M. no. 1969:4:30:58 

Bolivina punotata (d'Orbigny) GOes 1894: K. SV. 1"e" •• Akad. 

Handl. vol. 25, pt. 9, p. 49, pl. 9. 

Bolivina pseudopunctata Hoglund 1947: Foraminifera of the 

Gulmar Fjord and the Skagerak. 

Univ. Zool. Bidrag. uppsala Bd. · 26, p. 21;, 

pl. 24, figs. 5a - b, pl. 32, figs. 23 - 34. 

DeSCription: Test free, elongate, slightly compressed, biserial, 

tapering to a subacute initial end, greatest breadth of test at 

bast of final pair of chambers; periphery rounded; chambers numer

ous, slightly inflated, increasing rapidly in height but more slowly 

in breadth as added; sutures distinct, slightly depressed, oblique 

and sometimes very slightly curved; aperture narrow, elongate, ex

tending up from base of apertural face of final chamber; wall 



calcareous, hyaline, distinctly perforate, radial in structure, tr811B

parent; dimensions of b;ypotype. length 0.37 DID., max. width 0.12 mm., 

max. thicknes8 0.07 DIm. 

Remarks: There is a good deal of morphologioal variation wi thin 

ibis species, particularly ih the degree of inflation of the chambeX'l 

wt the Ebro delta hypotype i8 verr close to Hoglund's type figures. 

It is also identical wi th specimens in the author' a possession 

from the ' Ska8erak, one of Haglund' 8 type are88. 

Br.i. zalina spathula ta (WILL:UI4S0N) 

Plate 9, figure 3 

B.M. no. 1969:4:30:59 

Te)fxtularia variabilis Williamson var. spathulata Williamson 1858. 

On the Recent Foraminifera of Great Britain. 

R~ Soc. p. 76, pl. 6, figs. 164 - 165. 
Bolivina dilatata (Reuss) Brady 1887: Jour. Roy. Mier. Soc. 

p. 900, and other British authors. 

Bolivina spatbulata (Williamson) Macfadyen 1931: ' Geol. Surv. 

Egypt, pp. 57 &; 148, pl. 4, figs. 20a - b. 

Description: Test free, biserial, ' elongate, compressed, twice as 

long as broad, thickest along axial line, thinning towards acute 

periphery, widest at base of final pair of chambers, tapering again 

towards aperture; chambers numerous, no:t inflated, increasing in size 

as added; sutures distinct, limbate, gently curved, strongly oblique; 

aperture loop - shaped, extending from base of final chamber, wall 

calcareoU8, hyaline, perforate, radial in structure; dimensions of 

b;ypotype: length 0.39 mm, max. width 0.19 mm., max. thickness 0.09 mm. 

Remarks: B. spathulata ha8 frequently been recorded 88 B. dilatata, 

but Hacfadyen ( 1932) has de::lonstrated that the fomer is quite 

distinct, haVl1ng curved chambers and sutures. There is also a 
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clol5e resemblance to B. catanensis Seguenza which is common in the 

late Tertiary of Italy and has also been recorded living in the 

Mediterranean. Apart from less distinct sutures and a slightly 115218 

acute periphery, Ebro delta specimens are identical with Williamson's 

syntypes of Textularia variabilis var. spathulata in the British 

Museum (slide 96.8.1'.42). 

Brizalina 8triatula (CUSHr-tW) 

Plate 9, figure 4 
B.M. no. 1969:4.:30:60 

BoliVina striatula CUshman 1922: Shallow water Foramini1'era 

of the Tortugas region. 

Carnegie Inst. Washington Publ. 311 (Dept. loIarine 

BioI. papers vol. 17) p. 27, pl. 3, fig. 10. 

Description: Test free, elongate, compressed, biserial, initial 

end tapered, apertural end more broadly rounded; peripher,y rounded; 

test characterized by numerous fine costae running longitudinally 

from the ini tial end up to two thirds the length of the test; 

chambers numeroue, very slightly inflated particularly in the later 

part of the test; - - sutures distinct in later portion of test, less 
\ -

so in early part where the close spacing of the costae frequently 

obscures them, slightly depreesed; aperture elongate, extending up 

from base of apertural face of final chamber; wall calcareous, 

hyaline, finely perforate, radial in structure; dimensions of hypo

type. length 0.43 mm., max. width 0.12 mm., max. thickness 0.08 mm. 

Family Bulimj n1 da.e Jone" 1875 
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~111mina aculeata D'ORBIGNY 

Plate 9, f;i.gure 5 

B.M. no. 1969:4:~:61 

po;ymorphium pineiformium Soldanii 1791: Testacea vol. 1, pt. 2, 

p. 118, pl. 127, fig. 1, pl. 1~, fig. vv. 

Bul.jmina aculeata d'Orbigny 1826: Tableau methodique d. la 

classe des cephalopodes. 

Ann. Sci. Nat. Paris sere 1, tome 7, p. 269, no.7. 

Description: Test free, triserial; chambers globular and inflated, 

increasing rapidly in size as added, maximum diameter of test at 

base of final whorl of three chambers, tapering sharply to initial 

end, early chambers have small spines projecting downwards from their 

ini ti81 ends; sutures distinct, depressed; aperture loop - shaped, 

extending awq from base of apertural face of final chamber; wall 

calcareous, hyaline, finely perforate, radial in structure; dimensions 

of hypotype: length 0.25 mm., max. diameter 0.15 mm. 

Remarks: Ebro delta specimens agree well with others identified 

~ B. a.culeata in several of the collections in the British Museum, 

including those of Brady from various locali ties in ' the Medi terranean 

and Nyi Nyi from the Holocene of Lancashire. They are also identical 

to epecimena fioom a sample from Bimini, d' Or~gny' s type locality. 

Bulimina elongata D'ORBIGNY 

Plate 9, figure 6 
B.M. no. 1969:4:~:62 

d' Orbigny 1826: Tableau metbQdique de la 

claes8 des cephalopodes. 

Ann. Sci. Nat. Paris eer. 1, tome 7, p. 269. 
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Bulimina gibba FORNASINI 

Plate 9, figures 7a - b 

BJ1. no. 1969:4:30:63 

Fornaeini 1902: Contributo a 1a conoacenza de 

1e Bulimine adriatiche. 

R. Accad. Sci. let. Bologna Ms. Sci. Nat. 

sere 5, tomo 9, (1901 - 1902) p. 378, pl. 0, fige. 

32 - 34. 

Description: Test free, elongate, trieerial, initial end subacute, 

maximum diameter of test around base of final whorl of chambers; 

chambers numeroue, inflated, globular, later chambers have greater 

heigh'\ tlvln breadth, ini tial chambers may have a few very small 

spines; sutures distinct, depressed and slightly thickened; aperture 

ovate, elongate, extend.ing up . fran base of apertural face of final 

chamber, with a slight rim; wall calcareous, hyaline, finely perforate, 

ra4iiU in etruoture; dimeneioll8 of hypotJ'pe: length 0.33 mm., max. 

diameter 0.15 1IIIll • • 

!!'l) imina marginata __ D' ORBIGNY 

Bulimina ap. 1 

Plate 9, figure 8 

BJM. no. 1969:4:30:64 

d'Orbigny 1826: Tableau methodique de la 

Classe des cephalopodeo. 

Ann. Sci. Nat. Paris sere 1, tome 7, p. 269, 

pl. 12, figs. 10 - 12. 

Plate 10, figure 1 

Bj1. no. 1969:4:30:65 
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Bulimina ap. 2 ** 

Plate 10p figure 2 

BJM. no. 1969:4:30:66 

Reusella aculeata CUSHMlN 

Plate 10, figure 3 

B.M. no. 1969s4:30:67 

Verneuilina spinulosa (Reuss) Brady 1884: Challenger Repts. 

zool. vol. 9, p. 384, pl. 47, figs. 2 - 3. 
Rouasia spinulosa (Reuss) Hada 1931: Sci. Rep. Tohoku Imp. 

Univ. sera 4, Biol. vol. 6, p. 133, text. fig. 90. 
Reusella aculeata CUshman 1945: The species of the subfamily 

Reuselline.e of the foraminiferal family Buliminidae. 

Contra Cushman. Lab. Foram. Res. vol. 21, p. 41, 

pl. 7, figs. 10 - 11. 

Description: Test free, triserial, triangular in outline and in 

transverse section; .. _ periphery acute and peripheral margins of 

chambers thickened gi. ring rise to \ backward projecting spines; 

chambers numerous, distinct, not inflated, 

added; sutures distinct, slightly limbate; 

1Jlcreasing in size as 

aperture a basal opening 

in last 

hyaline, 

~Otype: 

fozmed chamber with internal tooth plate; wall calcareous, 

coarsely perforate, radial in structure; dimensions of 

length 0.32 mm., max. width 0.18 mm. 

Family UVigerinidae Haackel 1894 

Uvigerina sp. 

Plate 10, figure 4 

B~. no. 1969:4:30:68 



Description: Test free, small, triserial, rounded in section; 

chambers globular, inflated, early ones indistinct, final whorl of 

thre6 chambers comprise about three quarters of the length of the 

test, and each chamber slightly overlaps preceding ones; sutures 

distinct, depressed; basal half of chambers covered by longitudinal 

costae which are produced into abort spines; aperture terminal, 

rounded, produced on a short neck with a thin phialino lip; 

wall calcareous, hyaline, radial in structure, basal part of chambers 

conspicuously perforate; dimensions of bypo typo z length 0.19 mm., 

max. diameter 0.12 mm. 

110pkinsina pacifica CUshman var. atlantica CUSHMAN 

Plate 10, figure 5 

B.M. no. 1969:4:30:69 

CUshman 1944: Foraminifera of the shallow 

water of the New England coast. 

___ CUshman Lab. Foram. Res. Spec. Publ. no. 12, p. 30. 
\ 

Description: Test free, small, elongate, fusiform, Slightly com-

pressed; early chambers triserially arranged, later chambers biserial, 

1nfJ.ated and increasing in size as added; sutures distinct, depressed, 

oblique; aperture tenninal on last formed chamber, wi th a abort 

neck and . thin lip; wall' calcareous, hyaline, finely perforate, 

radial in structure; dimensions of hypotyPe: length 0.20 m., max. 

width 0.08 mm., max. thickness 0.06 mm. 

Rectuvigerlna c.f. R. compresea (CUSHI1AN) 

Plate 10, figures 6a - b 

BJ1. no. 1969:4:30:70 
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O'vigerj,na compree& CUshman 19251 

Vienna Basin. 

A new uvigerinid tram the 

Contr. Cushman Lab. Foram. Res. vol. 1, no. 4, 

p. 10. 

DeSCription: Test !:ree, elongate, about four times as long as 

broad, ISUbcYlindrlcal, early portion triserial, becoming biserial and 

finally unieerial for about two thirds the length of the test; 

chambers numerous, distinct, slightly inflated, increasing in size 

as added, each slightly overlapping the preceding one; sutures dis

tinct, depressed; surface ornament of fine, distinct costae which 

become produced into short spines; aperture - terminal, rounded, with 

a short, non - perforate neck and a thin, phialine lip; wall cal

careous, ~aline, perforate, radial in structure; dimensions of 

~otype, length 0.41 m., max. diameter 0.14 mm. 

Trifarina angulosa (WILLIAMSON) 

Plate 10, figure 7 

- ---B.N. no. 1969:4:30:71 
\ 

Uvieerina angulosa Williamson 1858: 

of Great Britain. 

On the Recent Foraminifera 

~ Soc. p. 67, pl. 5, fig. 140. 

SUperfamily DISCORBACEA Ehrenberg 1838 ' 

Family Discorbidae Ehrenberg 1838 
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'Discorbis' bulbosa PARKER 

Plate 11, figures 1a - b 

B.M. no. 1969:4:30:72 

F.L. Parker 1954: Distribution of Foraminifera 

in the Northeast Gulf of Mexico. 

Contr. Scripps lnst. Oceanogr. no. 709, p. 523, 

pl.8, figs. 10 .- 12. 

,Buccella hannai (PBLEGER &: PARKm) 

Plate 11, figures 2a - b 

B.M. no. 1969:4:30:73 

. Eponides hannai: Phleger &: parker 1951: Geol. Soc. Alnerica 

Mem. vol. 46, p. 21, pl. 10, figs. 11 - 1~ • . 

E.Pietominella Vi trea P.ARKER 

- Plate 11, fig\lres 3a - b 

B.M. no. 1969:4:,0:74 

F. Parker 1953: CUshman FOWld. Foram. Res. 

Spec. Publ. no. 2, p. 9, pl. 4, figs. 34 - ~6. 

Description: Test free, 6IIlall, trochoepiral, periphery rounded to 

subacute; chambers numerous, 6 in final whorl, about three whorls 

in the adult specimen, all chambers visible from convex spiral side, 

Only those of final whorl visible on ventral side; sutures distinct, 

flush and oblique on dorsal side, radial and slightly depressed on 

ventral side; aperture an elongate narrow opening in final chamber 

parallel to periphery and with a very narrow lip; wall calcareous, 

hy'aline, finely: perforate, radial in structure; dimensions of hypo-
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type: max. diameter 0.13 mm., min. diameter 0.11 mm., thickness 
0.06 mm. 

Gavelinopeis praegeri (HERON -.ALLEN & EARLAlm) 

Plate 11, figures 4~ - b 

B.M. no. 1969:4:30:75 

Diecorbina praegeri Heron - Allen & Earland 1913: Clare 

Island Survey: Part 64 - Foraminifera. 

Roy. Irish Acad. Proc. Dublin vol. 31, sect. 3, 

p. 122. 

Description: Test free, trochoid, plano - convex; periphery acute 

and slightly thickened to fom a keel; outline of test subcircular, 

Occaeionally lobulate; chambers 6 - 7 to a whorl, 2t whorls in the 

adult specimen, all chambers visible from spiral dorsal side, only 

those of last whorl visible ventrally, not inflated on dorsal SUI'

face but later chambers slightly inflated on ventral side; sutures 

distinct, on dorea+ aide Oblique, flush and slightly curved, on 

ventral side slightly depressed and nearly radial; ' ventral umbilicus 

has prominent umbilical plug; aperture an interiomarginal ali t near 

periphe17 on umbilical side, with slight lip; wall calcareous, 

h,yaline, f1liely perforate, radial in structure; dimensions of hypo-

type: max. diameter 0.26 mm., min. diameter 0.22 mm., thickness 0.10 mm. 

Remar.{s: The syntypes of Discorbina praegeri in the Bri tish Museum 

(slide 1955: 10:25:41 - 44) are poorly preserved, but apart fran their 

smaller size the,y appear to be identical with Ebro delta specimens. 

The lat1Jer are also identical with the specimen figured by Loeblic.h 

and Tappan (1964). 

! 

.. ' 
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Rosalina concinna (BRADY) 

Plate 12, figures 1a - b 
B.M. no. 1969:4:30:76 

Discorbina concinna Brady 1884: Challenger Repts. Zool. pt. 22, 

vol. 9, p. 646, pl. 90, figs. 7 - 8. 

Rosalina globularis D'ORBIGNY 

Plate 12, figures 2a - b 

B.M. no. 1969:4:30:77 

d'Orbigny 1826: Tableau methodique de 1a 

classe des cepbalopodes. 

Ann. Sci. Nat. Paris, sere 1, tome 7, p. 271, 

pl. 13, figs. 1-4. 

Rosa1ina oJ. R. medi teITanensis ( BRADY,I 

- Plate 12, figures 3a - b 

B.M. no. 196~:4:3O:78 

A. d'Orbi~ 1826: Tableau methodique de 1a 

classe des cepbalopodes. 

Ann. Sci. Nat. Paris ser.1, tomeq, p.271. 

Rosalina c.f. R. valvulata D'ORBIGNY 

Plate 12, figures 4a - b 

B~. no. 1969:4:30:79 

A. d'Orbigny 1826: In - Ramon de la Ssgra -

• 
I 
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Histoire physique et naturelle de lIIle de Cuba. 

A. Bertrand, Paris, p. 96; type figure - vol. 8, 

pl. 3, figures 21 - 23. 

Description: Test free (possibly occasionally attached), plano-

convex, subcircular in outline, periphery acute; chambers numerous, 

usuall.y 5 in final whorl; all chambers visible dorsally, only those 

of final whorl visible ventrally, :slightly inflated on spiral dorsal 

side; sutures distinct, curved and depressed on dorsal side; apel'

ture a low interiomarginal arch at base of final chamber, with 

chaober _ flap beneath aperture reaching into open umbilicus, secondary 

sutural aperture opens on opposite side of flap and those of 

previous chambers also remain open; wall calcareous, hyaline, pel'

forate, radial in structure; dimensions of hypotype: max. diameter 

0.22 mm, min. diameter 0.17 mm., thickness 0.06 mm. 

Valvulineria complanata (D'ORBlGNY) 

Plate 13, figures 1a - b 

B.M. no. 1969:4:30:80 

Rosalina complanata A. d I Orbigny ' 1846: Foraminiferes fossiles 

Discorbina 

Discorbina 

'Valvulineria 

de la bassin terti are de Vienne. 

Gide et Compo Paris, p. 175, pl. 10, figs. 

13 - 15. 

saulcii ( d I Orbigny) Brady 1884: Challenger Rapts. 

Zool. vol. 9, p. 653, pl. 91, fig. 6. 

bradyana Fornasini 1900: Mem. R. Accad. Sci. lst. 

Bologna sere 5, vol. 8, p. 393, text fig. 43. 

mediterranensis (d'Orbigny) Kruit 1955: Sediments 

of the RhSne delta. 

ltiouton and Co. p. 115, pl. 2, fig. 14. 

Valvulineria complanata (dIOrbigny) Parker 1955: Eastern Med-

iterranean Foraminifera. 
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Repts. Swedish Deep Sea Exped. vol. 8, p. 268, 

pl.3, figs. 42 - 44. 

Description: Test free, trochoid; periphery rounded; chambers 

slightly inflated, especially on the ventral surface, usually 7 in 

fi.'lal whorl, increasing rapidly in size as added, all chambers 

Visible from . the flat, spiral dorsal side, only those of final 

whorl Visible ventrally; sutures distinct, flush, curved and slightly 

oblique dorsally, less curved and more depressed ventrally; aperture 

interiomag:i.nal extra - umbilical - umhilical with broad apertural flap 

cover:i.ng the umbilicus; wall calcareous, hyaline, radial in structure, 

very coarsely perforate, although basal half of apertural face of 

final chamber non - perforate; dimensions of hypotype: max. diameter 

0.35 mm., min. diameter 0.29 mm., thickness 0.20 rom. 

Remarke: D!Orbigny's type comes from the Hiocene of the Vienna 

Basin, and bis type figures agree well with Ebro delta specimens 

apart from having a subacute periphery. A sample in the author' IS 

poseelSsion from the luocene of the Vienna Basin (but not from 

d ' Orbigny' IS type locali ty) has yielded specimens identical to thpse 

living around the Ebro delta. V. complanata 8eem8 to be essentially 

a Mediterranean specie8, caamon in ' the Upper Tertiary of southern 

Europe and living at present through much of the peripheral Medi t- . 

erranean area. However, it seem8 to ' have been consistently misident

ified by many authors. Both Brady and Sidebottom have referred it 

to Discorbina saulcii d'OrbisnY (Brady's specimens from the Gulf of 

Scala, Nova Levant, have been examined - B.M. slide no. 1955:6:5: 

849 - f!76 - and they are identical with Ebro del ta specimens). 

Parker (1958) noted the presence of V. complanata in coree from the 

Eastern Mediterranean and added that it has frequently been referred 

by ma.rJy Medi terranslIl workers to Discorbina bradyana Farnasini, 

al thoU6h Original outline drawings bear 11 ttle resembl.ance 

to the species. 
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Family Aateriger1nidae d' Orbigny 1839 

Asterigertnata ap. 

Plate 13, figures 2a - c 

B.lo! . no. 1969:4:30:81 

Description: Test free, trochoid, plano - convex; periphery subacute 

and slightly lobulate; chambers numerous, 4 - 5 in fillal whorl, 2!--
3 whorls in adult specimen, all chambers visible from dorsal side 

wlll:ch is a high spiral, only those of final whorl visible on flat 

ventral side and these are very slightly inflated; umbilical region 

on ventral side occupied by 3 or 4 very small, slightly inflated 

secondar,y chamberlets; sutures distinct, oblique, slightly curved and 

flush on dorsal side, less oblique and a 1i ttle depressed on ven

tral side; aperture an elliptical opening on irmer side of ventral 

face of fihal chamber; wall calcareouO'S, hyaline, distinctly perforate, 

radial in structure; dimensions of hY,Potype: diameter 0.13 mm., 
height 0.12 mm. 

Aeterigerinata mamilla (WILLI.AIllSON) 
\ 

Plate 13, figures 3a - b 

B.M. no. 1969:4:30:82 

Rotalina mamllla Williamson 1858: 

of . Great Britain. 

on the Recent Foraminifera 

Ray Soc. p.54, pl. 4, figs. 109 - 111. 

Discorbis mamilla (Williamson) Phleger et ale 1953: Repts. 

SWedish Deep Sea Exped. vol. 7, no. 1. 

DeScription: Test free, trochoid, plano - convex; periphery acute, 

carinate and lobulate; chambers numerous, 4 - 5 in final whorl, 
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slightly inflated, especially on ventral side, all chambers visible 

from spiral donal side, only those of final whorl visible ven

trally and these partly obscured by 3 or 4 small, compressed 

secondar,y chamberlets arranged in a rosette around a small, indis

tinct umbilical plug, secondary chamberlets al temate with primar,y 

ones 80 that they are aituated in umbilical regions of primary 

sutures, all chambers have radial markings on the peripheral thick

enings which give the appearance of a milled edge to the test, 

sutures distinct, on spiral side oblique and very little depressed, 

on ventral side nearer radial and more depreesed; aperture a dis

tinct elliptical opening on inner Bide of ventral face of final 

chamber, with a thin lip; wall calcareous, hyaline, finely perfor

ate, radial in structure; dimensions of hypotype: max. diameter 

0.;0 mm., min. diameter 0.28 mm., thickness 0.17 nun. 
Remarks: Ebro del ta specimens agree satisfactorily wi th Williamson' I!I 

Q'lltypos deposited in the British M\UJe\lll. 

SPIRILLINACEA Reuss 1862 

Family 1862 

Patellina corrue;ata WILLIAMSON 

Plate 14, figures 1a - b 

BJM. no. 1969:4:30:83 

Williamson 1858: 

of Great Britain. 

On the Recent Foraminifera 

~ Soc. p. 46, pl.;, figs. 86 - 89. 

Description: Test free, conical, spiral aide elevated and evolute, 

umbilical side fiat or slightly concave and involute; chambers low, 
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broad and crescentic, two to a whorl, all visible on conical side, 

divided by numerous transverse septa giving cancellated appearance 

to test on conical side, do not reach across umbilical portion of 

teet; aperture a low arch under exterior margin of scroll - like 

median septum of final chamber at centre of test; median septa 

of entire test arranged above each other to form columella; wall 

calcareous, hyaline, monocrystalline, finely perforate; dimensions of 

hypotype: diameter 0.18 mm., height 0.08 mm. 
Remarks: Ebro delta specimens are identical wi th Williamson's tryn

types deposited in the British Museum. 

Superfamily ROTALIACEA Ehrenberg 1639 

Family Rotaliidae Ehrenberg 1839 

• Rotalia' perlucida HERON-ALLEN 8: EARLAND 

Plate 14, figures 2a - b 
B.M. no. 1969:4:30:84 

Heron - Allen and Earland 1913: Clare Island 

---SUrvey. ForBJri.nifera. 

proc. Roy. Irish Acad. vol. 31, pt. 64, p. 139. 

pl. 13, figs. 7 - 9. 

Description: Test free, trochospiral, compressed; chambers slightly 

inflated, 6 or 7 in' final whorl, all chambers visible from dorsal 

side, only those of final whorl visible ventrally; sutures . distinct, 

on dorsal surface very little depressed and curved, on ventral 

side nearer radial and more depressed; ventral umbilicus depressed; 

aperture obscure but appears to be a row of pores at the base 

of apertural face of final chamber; wall calcareous, hyaline, dis

tinctly perforate, radial in structure; dimensions of hypotype: max. 

diameter 0.33 mm., min. diameter 0.26 mm., thickness 0.12 mm. 
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Rem82'ks: Unfortunately, the type specimens of this species origo-

inally kept in the Bri tiBh l-1useum have been destroyed. However, 

Ebro delta specimens agree fairly closely with Heron _ Allen and 

Earland'. type figures although the latter have a more lobulate 

outline. The authors record that there is considerable morphological 

variation wi thin this species and this is characteristic of Ebro 

del ta specimens as well. 

The generic position of the species is uncertain. It is not 

strictly a Rotalia as originally described since there are none of 

the tubercles and fissures on the ventral surface characteristic of 

this genus. If it were not trochospirally coiled it could be 

placed within the genus Protelphidium. Its coiling suggests a poaition 

wi thin the Discorbacea but it does not fi t satisfactorily into 8IlY 

of the genera in Loeblich and Tappan's classification. '"".It may well 

prove necessary to erect a new genus to accommodate this species. 

Ammonia beccarii (LINNE) 

Plate 14, figures 3a - b 

--B.M. no. 1969:4:~O:85 

'Cornu Hammonisl Plancu8 1739: 

'AlDmonita unital Gualtieri 1742: 

Conch. Min. p. 8, pl. 1, fig. 1. 

Testaceograpbia vol.1, pt. 1, 

p. 56, pl. 35, fig. R. 
Nautilus beccarii Linne 1767: Systema Naturae Ed~ 12, p. 1162 • 

.Ammonia beccarii (Linne) Briinnich 1771: Ammonia B:timnich, M.T., 

Zoologiae fUndamenta praelectonibus Academiaa 

Accomodata, p. 246. 

streblus beccarii (Linne) Fischer 1819: 

p. 75. 

Advers. Zool. fasc. 2 

Rotalia (Turbinulina) beccarii (Linne) dlOrbigny 1826: Ann. 

Sci. Nat. Paris sere 1, tome 7, ' p. 275, no.42. 



Description, Test free, biconvex, trochospiral, compressed, peri-

phery rounded; chambers numerous, 13 in final whorl, all chambers 

visible from from spiral dorsal surface, only those of final whorl 

vie1ble vedrally; sutures distinct, on dorsal surface slightly 

curved and strongly limbate and inner whorls of chambers often 
obscured b.y the strongly developed sutural thickenings, on ventral 

surface radial wi th irregular granular deposits alongside, depressed 

and becoming very deeply excavated towards umbilicus; umbilicus deeply 

excavated with numerous pillars and bosses of granular material; 

aperture a low interiomarginal arch; vall calcareous, hyaline, radial 

in structure; dimensions of hypotype: max. diameter 1.21 mm., min. 

diameter 1.12mm., thickness 0.56mm. 

A. beccarii (Linne) var. batavus (HOFKER) 

Plate 14, figures 3c - d 

B~. no. 1969:4:;0186 

streblus batavus Hofter 19511 Siboga Exped. lo1onogr. Leiden 

no. 46, pp. 498, 500 - 502, text figures 335, 

340, 341. 

Distinguished by 'stronger convexity on ventral surface, dorsal SUI'

face often flat; chambers 7 - 9 in final whorl, moderately inflated; . 

sutures slightly thickened and not so deeply excavated on ventral 

e1de. 

A. becCarii (Linne) var. 1 

Plate 15, figure 1b 

B.?-l. No. 1969:4130:86 

Differs from typical form in its smaller size, higher trochoid 

spire, fewer chambers (7 - 8) which are slightly inflated to give 

a more lobulate outline; sutures not 80 thickened; umbilicus very 
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deeply excavated but lacks granular deposits around it • 

.4- beccarii (Linne) var. 2 

Plate 15, figure 1c 

B.M. no. 1969:4:30:86 

Distinguished by its very small size, lobulate outline; 5 - 6 inflated 

chambers; umbilicus very little depressed, filled with granular mat

erial that extends into umbilical region of sutures. 

,4. beccarii (Linne) var. 3 

Plate 15, figure 1a 

B.l-1. no. 1969:4:30:86 

Distinguished by its smooth, subcircular outline and distinct ventral 

umbilical boss; it is also relatively thin compared with other 

varieties. 

Rema:&:s: The early history of the taxonomy is v~ry confused 

owing to inadequate type descriptions and figures. Linnaeus first 

named it in 1767 and referred Ito the earlier figures of Plancus 

and Gualtieri which were extremely poor. Unfortunately, it appears 

that the type specimen is lost, but after Nautilus beccarii was 

first named it was made the type species of four or five genera 

by various authors. Following LOeblich and Tappan (1964), .Ammonia 

is the genus that has priority • 

.Ammonia beccarii exhibi. ts five distinct varieties around the 

Ebro del ta, each having its own environmental preferences. The 

cosmopoli tan distribution of the species and . its frequent morphol

Ogical variation from area to area undoubtedly added to the con

tUsion in its taxonomy. The typical A. beccarii is identical with 

specimens from a sample from Rimini, which 'faa the type locality 

of Linne. 
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~'amily Elphidiidae Galloway 1933 

Elpbidium advenum (CUSIDtAN) 

Plate 15, figure 2 

B.M. no. 1969:4r30:87 

Polystomella subnodosa Brady (rion Von Munster) 1884: Challenger 

Repts. Zool. vol. 9, p. 734, pl. 110, figs. 1a - b. 

Polystomella advena Cushman 1922: Carnegie lnst. Washington 

Publ. 311, p. 56, pl. 9, figs. 11 - 12. 

Elpbidium advenum Cushman 1930: u.s. Nat. Mus. BUll. 104, 

pt. 7, p. 25, pl. 10, figs. 1 - 2. 

DesCription: Test free, planispiral, involute, biumbonate, compressed, 

periphery acute with narrow keel; chambers 10 - 15 in final whorl, 

last few formed may be very slightly inflated; sutures distinct, 

gently curved and slightly depressed; short retral processes, about 

10 - 12 to the adult chamber; umbilici of medium size, slightly 

raised, wi th distinct central boss of clear shell material; aperture 

a series of pores- - at base of apertural face; wall calcareous, 

hyaline, f~ely perforate, radial in structure; translucent; dimensions' 

of hypotype: max. diameter 0.Z1 mm., min. diameter 0.22 m., thick
neeses 0.12 mm. 

El"'hidium ~ crispum (LINNE) 

Plate 15, figures 3a - b 

Bjl. no. 1969:4:30:88 

• Cornu, Hammonis orbiculatum· Plancus 1739: Conchyliologia 

mineralogica p. 10, pl. 1, fig. 2. 

. 
L 
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'Nautilus minimus t Gual tieri 17421 Index Testaceorum Conchyl-

iologiae pl. 19, figs. A, D. 
Nautilus cri~s Linnaeus 1758: Systema Naturae Ed. 10, p. 709, 

Ed. 1;, (Gmelin
' 
e) p. ;370, 1788. 

Pollstomella cri~a... (Linne) Lamarck 1822: Histoire dee animaux 

sans vertebres, vol. 7, p. 625. 

Elphidium crispum (Linne) Cushman &: Grant 1927: San Diego Soc. 

Nat. History Trans. vol. 5, no. 6, p. 7;, pl. 7, 
figs. 3a - b. 

DesCription: Test free, planispiral, involute, biumbonate, compressed, 

UlIlbilical regions slightly raised with a medium sized rounded boas 

of clear shell material, surface of this often studded with a 

number of small, shallow, rounded pits; periphery acute, slightly 

keeled; chambers long, narrow, 15 - 20 in adult whorl, increasing 

in size gradually as added; sutures distinct, broad and somewhat 

sigmOid, umbilical ends being almost radial and later curving back 

towards periphery; up to 10 prominent retral proce3ses per chamber, 

extending well up onto side of succeeding chambers; aperture a row 

of porea at base of apertural face of final chamber; wall cal

careous, h3"aline, finely perforate, radial in structure; dimensions 

of hypotype: max. diameter 0.85 mm., min. diameter 0.78 mm., thick:-

neas 0.40 mm. , 
Remarks: The type specimen of E. crispum appears to have been 

lost, and Linnaeus did not give a type figure but referred to 

the figures of Plancus and Gualtieri. Both these figures do not 

provide a great deal of detail but Ebro delta specimens ~e 

well Wi. th specimens from Rimini, from where both Plancus and 

~ieri collected their specimens. 

Elphidium excavatum (TERQUEM) 

Plate 15, figure 4 

BJM. no. 1969:4:30:89 
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Polystomella excavata Terquem 1875: Essai sur le class8-

ment des animaux qui vivent sur Ie plage et 

dans les environs de Dunkerque. 

l'remier fascicule. Paris p. 20, pl. 2, figs. 2a - b. 

Elphidium c.f. E. flexuosum (DtORBIGNY) 

Plate 16, figures 1a - b 

B.H. no. 1969:4:30:90 

PolYstomella flexuosa dtOrbigny 1846: Foraminiferes fossiles 

du bassin tertiare de Vienna. 

Gide at Compo Paris p. 127, pl. 6, figs. 15 - 16. 

Elphidium groenlandicum (Cushman) Kruit 1955: Sediments of the 

Rhone delta. Mouton & Co. p. 114, pl. 2, fig. 12. 

DeSCription: Test free, planispiral, involute, somewhat compressed, 

biumbonate; periphery acute with a narrow keel; chambers 12 - 15 in 

final whorl, slightly inflated, especially the later ones; sutures 

distinct, slightly depressed, curved; retral processes about 10 to 

the adul t; umbonal bosses raised and composed of clear shell mat

erial; aperture -a - - row of pores \ along base of apertural face of 

final. chamber; wall 8IIlooth, calcareous, hyaline, finely perforate, 

radial in structure; dimensions of bypotype: max. diameter 0.56 rom., 
min. diameter 0.48 m., thiclCness 0.28 rom. 

Elphidium incerlum (WILLIAHSON) 

Plate 16, figure 2 

B.M. no. 1969:4:30:91 

Polystomella umbiUcatula walker var. incerta Williamson 1858: 
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On the Recent Foraminifera of Great Britain. 

R~ Soc. p. 44, pl. 3, fig. 82. 
Elphidium incertum (Williamson) CUshman 1930: u.s. Nat. Nus . 

Bull. 104, pt. 7, p. 18, pl. 7, figs. 4 - 9. 

Description: Test free, planispiral, involute, compressed; chambers 

slightly inflated, 8 in the fmal whorl; sutures distinct, depressed 

and curved; distinct retral processes, about 4 or 5 per chamber; 

umbilici slightly depressed; aperture a narrow slit at base of 

apertural face of final chamber; wall calcareous, hyaline, finely 

perforate, granular in structure; dimensions of bypotype: max. 

diameter 0.32 mm., min. diameter 0.26 mm., thickness 0.10 mm. 
Remarks: Ebro delta specimens agree well with the lecto~e of 

E. incertum mounted by Loeblich from \'/illiamson IS syntypes in the 

Bri tisb 1·1useum (slide no. 1955:3:30: 2, ex. 96:8: 13: 16). However, the 

generic position of the Ebro specimens is unsatisfactory. Inclusion 

wi thin the genus Elphidium is on the basis of the retral processes, 

but the species has a granular wall structure which means that 

it should strictly be placed wi thin the Cassidulinacea and not the 

Rotaliacea, according to Loeblich and Tappan's classification. other 

authors have also noted the discrepancy of species with retral 

processes having granular wall structures. 

Elpbidium lidoens8 CUSHNAN 

DeSCription: 

Plate 16, figure 3 
B.M. no. 1969:4:30:92 

Cushman 1936: Some new species of Elphidium 

and related genera. 

CUshman Lab. Foram. Res. Contr. vol. 12, pt. 4, 

p. 86, pl. 15, figs. 6a - b. 

Test free, plamspiral, compressed, involute; periphery 
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rounded; chambers slightly inflated, about 10 in the adult whorl, 

increasing gradually i n size as added; sutures distinct, depressed, 

slightly curved and bro.adening towards the umbilicus; retra! pr~ 

cesses very small, indistinct; umbilici large with several distinct, 

rounded bosses of smooth shell material; aperture a row of pores 

along base of apertural face of final chamber; wall calcareous, 

hyaline, coarsely perforate except for apertural face, radial in 

structure; dimensions of hypo type: max;' " diameter 0.30 mm., min. 

diameter 0.25 mm., thickness 0.14 mm. 

Remarks: Ebro delta specimens are identical with Cushman's type 

figures and also with specimens collected close to his type locali ty 

near Venice Lido. 

Elpbidium oceanense (D'ORBIGNY) 

Plate 16, figure 4 

B.M. no. 1969:4:30:93 

PolYstomella oceanensis d'Orbigny 1826: Tableau methodique de 

la classe des cephalopodes • 

.Ann. Sci. Nat. Paris sere 1, tome 7, p. 285, no. 8. 

Elphidium -'c.f. E. schmi ttii GUSEMAN &: WlCKENDEN 

Plate 16, figure 5 
B.M. no. 1969:4:;0:94 

Cushman &: Wickenden 1929: 

off Juan Fernandez Islands. 

Recent Foraminifera 

U.s. Nat. J"lus. proc. Washington vol. 75, no. 

2780, p. 7, pl. 3, figs. 9a - c. 
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(HERON - ALLEN &; EARLAND) 

Plate 16, figure 6 

B.!'I . no. 1969:4:30:95 

Polystomella stria topunctata (Fichtel & Moll) var. Heron - Allen 

&; Earland 1909: Roy. Micr. Soc. Jour. p. 695, 

pl. 21, figs. 2a - c. 

Polyatomella striatopunctuta (Fichtel & Moll) var. selseyensis 

Heron - .Allen &; Earland 1911: Roy. Nicr. Soc. 

Jour. p. 448. 
El:ehidium se1selensis (Heron ~ .Allen &; Earland) Cushman 1939: 

U.S. Geol. SUrv. prof. Paper 191, p. 59, pl •. 16, 

figs. 26 - 28. 

DeBCri~tion: Test free, planispiral, involute, compressed; chambers 

slightly inflated, 10 - 12 in final whorl, increasing gradually in 

size as added; periphery broadly rounded and may be somewhat lob

ulate when chambers are more inflated; retral processes short and 

may be indistinct; umbilici flush or slightly depressed, may be 

qUi te large, but always filled with granular material; aperture a 

row of pores at base of septal face of final chamber; wall cal

careous, hyaline, conspicuously perforate, radial in structure, 

frequently transparent; dimensions of hypotype: max. diameter 0.42 mm., 

min. diameter 0.36 DIID., thickness\ 0.19 DIID. 

Remarks: The type specimens of this species could not ' be found 

in the British Huseum, but Ebro delta specimens agree well with 

specimens collected from Selsey Bill (Heron - Allen and Earland IS 

We locality) • 

Elphidium ap. 1 

Plate 16, figure 7 

B.M. no. 1969:4:30:96 
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Description: Test free, planispiral, involute, biumbonate, compressed; 

peripher,y rounded to subacute; chambers not inflated, increasing very 

little in size as added, 8 - 10 in final whorl of adult specimen; 

SUtures distinct, gently curved, usually flush, thickening appreciably 

towards umbilicus; retral processes small and indistinct, about 5 to 

the adult chamber; ubbilici large, flush or slightly raised; filled 

wi th clear shell material; aperture a row of pores at base of 

apertural face of final chlunber; wall calcareous, hyaline, distinctly 

perforate apart from apertural face; dimensions of hypotype: max. 

diameter O.Zl mm., min. diameter 0.22 mm., thickness 0.14 mm. 
Remarks: Al though the typical fonns are qui te distinct, there are 

many individuals intennediate between this species and E. selseyensis 

that are difficult to assign to one species or the other. Typically, 

however, !. sp. has sutures that thicken towards the umbilicus, a 

more acute periphery and raised umbilici, while E. selseyensis is 

larger, wi th more chambers and larger, d~pressed umbilici. 

Elphidium sp. 2 

Plate 16, figure 8 

B.M. no. 1969:4:30:97 

Protelphidium anglicum }ITnUiAY 

Plate 17, figure 1 

B.N. no. 1969:4:30:98 

NOnionina crassula (Walker) Williamson 1858: 

Foraminifera of Great Britain. 

On the Recent 

R~ Soc. p. 33, pl. 3, figs. 70 - 71. 
NOnionina depressula (Walker & Jacob) Brady 1884: Challenger 

Rapts. Zool. vol. 19, p. 725, pl. 109, figs. 6a - b. 



Protelphidium anglicum Nurray 1965: Contr. Cushman Found. 

Foram. Res. vol. 16, pt. 4, p. 148 - 150. 

Description: Test free, planispiral, involute; chambers usually 

7 - 9 in final l.morl in adult specimen, later ones become slightly 

inflated; sutures distinct, curved, depressed and filled with gran

ular shell material -that sometimes extends into umbilical parts of 

SUtures; aperture a series of pores along base of apertural face 

of final chamber; wall calcareous, hyaline, finely perforate, radial. 

in structure; dimensions of bypotype: max. diameter 0.29 IILll., min. 

diameter 0.24 mm., thiclmess 0.12 mm. 

Remarks: Ebro delta specimens agree satisfactorily with the holo-

type depOsited in the British Museum (slide 1962:2:12:~). 

Superfamily GLOBIGERINACEA Carpenter, Parker &; Jones 1862 

FamilY Globigeriniidae Carpenter, Parker and Jones 1862 

Globigerina bulloides D'DRBIGNY ** 

Plate 17, figures 2a - b 

BJU. no. 1969:4:30:99 

d'Orbigny 1826: Tableau methodique de la 

classe des cephalopodes. 

Ann. Sci. Nat. Paris sere 1, tome 7, p. Z17, 

no. 1, 1·10deles no. 76, no. 17. 

Globigerina inflata D'ORBIGNY ** 

Plate 17, figure 3 
B.M. no. 1969:4:30:100 
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d'Orbigny 1839: In - Barker - Webb and 

Berthelot, Histoire Nat. Iles Canaries, vol. 2, 

pt. 2, 'Foraminiferes ' , p. 134, pl. 2, figs. 7 - 9. 

Globigerina pacbyderma (EHRENBERG) ** 

Plate 17, figure 4 

B.M. no. 1969:4:30:101 

Atisterospira pachyderma Ehrenberg 1861: 

Ale. Wiss. Berlin p. 303. 

Globigerina guingueloba NATLAND ** 

Plate 17, figures 5a - b 

B.M. no. 1969:4:30: 102 

Monats. K. preuss 

Natland 1938: Bull. SCripps Inst. Oceanogr. 

Tech. Sere vol. 4, no. 5, p. 149, pl. 6, figs. 7a-o. ____ --~4 

SUperfamily ORBITOIDACEA Schwager 1876 

Family Eponididae Rofter 1951 

!Jponides granulata DI NAPOLI ALLIATA 

Plate 18, figures 1a - b 

B.M. no. 1969:4:30:103 

Eponides frigidus Cushman var. gra.nulatus di Napoli Alliata 1952: 

Riv. Ital. Pal. strate vol. 58, no. 3, p. 9, 



pl.5, figs. 3a - b. 

Rotalia faramanensis Kruit 1955: Sediments of the Rhone 

delta. }louton &: Co. p. 116, pl. 2, figs. 16 a-c. 

Rotaila granulata (di Napoli Alliata) Parker 1958: Repts. 

Swedish Deep Sea Exped. vol. 8, p. 269, pl. 4, 

figs. 1 - 2. 

Description: Test free, trochoid, biconvex, subcircular in outline 

or slightly lobulate; periphery acute; chsmbers very slightly inflated 

on dor8al. aide, more so on ventral side, 6 - 8 in final whorl, 3-

4 whorls in adult specimen, all chambers visible from sprial dorsal 

side, only those of final whorl visible ventrally; sutures distinct, 

on dorsal side flush or very slightly depressed, slightly curved 

and strongly oblique, on ventral side slightly depressed, sliehtly 

curved and nearer radial; umbilical region on ventral side large and 

filled With granular deposits that extend a little into umbilical 

region of sutures; dOrsal surface of test smooth; aperture narrow, 

interiomarginal, midway between umbilicus and periphery on ventral 

side; wall calcareous, hyaline, perforate, radial in structure; 

dimensions of hypotype: max. diameter 0.:36 mm., min. diameter 0.33 mm., 
thickness . 0.18 mm. 

Poroep0nides lateralie (TERQUEH) 

Plate 18, figures 2a - b 

B.loi. no. 1969:4:30: 104 

Rosailna lateralie Terquem 1878: Les foraminiferes et 1es 

entromostraces ostracodes du Pliocene superieur 

de l'lle de Rhodes. 

Soc. Geo!. France }lem. sere 3, tome 1, no.:3. 

p. 25, pl. 2, figs. 11 a-c. 
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FBmily Cibicididae Cushman 1927 

Planulina ariminensie D'ORBIGNY 

Plate 18, figure 3 

B~. no. 1969:4:30:105 

A. d' Orbigny 1826: Tableau methodique de la 

classe des cephalgpodes • 

.Ann. Sci. Nat. Paris sere 1, tome 7, p. ;?BO, 

pl. 14, figs. 1 - 3. 

Cibicides c.f. C. bradii 
, 

TOIJ-1ACHOFF 

Plate 18, figure 4 

B.I1. no. 1969:4:30: 106 

I .F. Tolmachoff 1934: A frliocene microfauna. 

and flora from the Atrato River, Columbia, 

___ South America. 

Carnegie }1u8~ Ann. vol. Z3, p. 233, pl. 19, 

figs. 1a - b. 

Cibicides lObatulus (WAUtER & JACOB) ** 

Plate 19, figures 1a - b 

B.M. no. 1969:4:30:107 

Nautilus lobatulus Walker & Jacob 1798: In - Kanmacher, 

• Adam's essays on the microscope I Ed. 2, 

p. 642, . pl. 14, fig. 36. 

.• 
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Fami''''' Planorbuli ... .;dae ""J ~ d t Orbigny 1826 

Planorbulina medi terranensis D ' ORBIGNY 

SuPerfamily 

Plate 19, figure 2 

B.M. no. 1969:4:30:108 

A. dtOrbigny 1826: Tableau methodique de la 

classe des cephalopodes. 

Ann. Sci. Nat. Paris sere 1, tome 7, p. 260, 

pl. 14, figs. 4 - 6. 

CASSIDULINACEA d t Orbigny 1839 

Family Caucasinidae S;vkova 1959 

FurSenkoina c .~. F. complanata (EGGER) 

-' Plate 19, figure 3 

B.M. no. 1969:4:30:109 

Virgulina schreibersiana Czjek var. complanata Egger 1893: 

Abhandl. kon. bay. Wiss. Munchen Cl. III, vol. 18, 

p. 292, pl. 8, figs. 91 - 92. 

Virgulina subsguammosa Cushman (non Egger) 1924: Publ. 342 

Carnegie Inst. Washington, p. 26, 

Virgulj.na complanata (Egger) Cushman 1937: Cushman Lab. Foram. 

Res. Spec. PUbl. no. 9, p. 26, pl. 4, figs. 13 - 17. 

DeSCription: Test free, narrow, elongate, 4 - 6 times as long as 

brOad; chambers numerous, increasing rapidly in size as added giving 
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a flared appearance to test, inflated, greater in height than 

breadth, in early portion a twisted biserial arrangement l ater 

becolllillg more typically biserial; short spine on initial end; sutures 

distinct, depressed; apertures large, ovate, extending up apertural 

face of final chBmber, wi th slight lip on one side and toothplate 

bending over into aperture on opposite side; wall calcareous, 

hyaline, finely perforate, granular in structu:re; dimensions of 

bypOtype: length 0.40 mm., max. diameter 0.12 mm. 

Fursenkoina schreibersiana (CZJZEK) 

Vir~ina 

Vir~ina 

Plate 19, figure 4 

B.N. no. 1969:4:30: 110 

schreibersiana Czjzek 1848: 

vol. 2, p .• 11, figs. 

sguammosa (d' Orbigny) Egger 

Nathist. Vera Passau 

Haidinger!;s Abhandl. Nat. 

18 - 21. 

1895: Jahresb. m 
p. 18, pl. 1, figs. 21a - c. 

DesCription: 'est free, elongate, somewhat fusiform, early portion 

twisted biserial, later part biserial but irregular, chambers on 

one side may be slightly higher than the other; periphery rounded; 

chambers elongate, slightly inflated, increasing in size as added; 

sutures distinct, Oblique, depressed; aperture narrow, elongate, 

exteuding -Up face of final chamber; wall calcareous, hyaline, finely 

perforate, granular in structure; dimensions of hypo typ e: length 

0.31 mm., max. diameter 0.17 mm. 

Fursenkoina sp. 

Plate 19, figure ·5 

EW~. no. 1969:4:30;111 
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Family Delosinidae Parr 1950 

DelOaina complexa (SIDEBOTTOI<1) 

Plate 19, figure 6 

B.H. no. 1969:4:30:112 

POlymorphina (?) complexa Sidebottom 1907: Report on the 

Recent Foraminifera from 

Island of Delos (Grecian 

Manchester Lit. &; Phil. 

vol. 51, no. 9, p. 16. 

F .. m-C'- Casm."dulini" .:1__ d'O b ~ I.4QG r ign:y 

Ca.ssidulina laeVigata D'ORBIGNY 

Plate 19, figure 7 

B.1>1. no. 1969:4:30: 113 

the coast of the 

Archipelago). pt. 4. 
Soc. Mem. &; proc. 

- - A. d I Orbigny 1826: Tableau me'thodique de la 

classe - des cephalopodes. 

Ann. Sci. Nat. Paris sere " tome 7, pl. 15, 
figs. 4 - 5 

DeSCription: Test free, lenticular, biumbonate with clear central 

bosses; periphery acute with narrow keel; chambers elongate, cUl"'led, 

rarely very slightly inflated, arranged biserially in a coil, 

alternating on either side of periphery, each reaching central boss 

on one side and only part of way to boss on opposite side; 

SUtures cUa tinct, slightly limbate; aperture an elongate slit extend

iIlg up from base of final chamber parallel to anterior margin of 



chamber; wall calcareous, hyaline, perforate, granular in structure; 

dimensions ot hypotype: max. diameter 0.23 mm., min. diameter 0.19 

mm., thickness 0.12 mm. 

Casaiaulina c.f. crassa D' ORBIGNY 

Plate 19, figure 8· 

B.r1. no. 1969:4:30: 114 

A. d'Orbigny 1839: Voyage dans l'Amerique 

Meridionale. Foraminiferes. 

Levrault, Strasbourg, tome 5, pt. 5, p. 56, 

pl. 7, figs. 18 - 20. 

Globocassidulina sp. ** 

Plate 19, figure 9 

B.M. no. 1969:4:30:115 

Family Nonionidaa Schul tze 1854 \ 

NOnion asteri:zans (FICHTEL_ &; MOLL) 

Plate 20, figures 1 a - b 

B.M. no. 1969:4:30:116 

Nautilus asterizans Fichtel &; Moll 1798: 

p. 37, pl. 3, figs. e - h. 

Testa.cea microscopia. 

Nonionina asterizans (Fichtel &; Moll) Sidebottom 1910: Manchester 

Lit. &; Phil. Soc. Mem. &; proc. vol. 54, pt. 16. 

NOnion asterizans (Fichtel &; Moll) Kruit 1955: . Sedim~nts 
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of the Rhone delta. 

pl. 11, figa. 7a - b. 

Mouton &: Co. p. 113. 

Description: Test free, planispiral, involute, compressed; chambers 

9 - 12 in final whorl, slightly inflated and increasing only very 

little in size as added; peripher,y subacute; sutures distinct, 

depressed, curved; umbilici small, ver,y slightly depressed; aperture 

a row of pores along base of apertural face of final chamber, 

also secondary sutural apertures (especially in larger specimens) 

which are narrow, elongate slits along rear edge of chambers; wall 

calcareous, hyaline, finely perforate, granular in structure; dimensions 

of bypotype: max. diameter 0.44 rom., 0.36 mm., thickness 0.18 mm. 
Remarks: There has been a great deal of confusion in the past 

OVer the identification of this species, and many authors have 

illustrated species which do not bear a close relation to Fichtel 
I 

&: Moll's original figures. Although the type fieures are nOt good 

they do show that the original had 12 chambers, with curved su:bures, 

that only increase gradually in size as added. ' However, 1 topotypes' 

figured by CUshman (1946) have chambers that increase rapidly in 

Bize, and larger umbiliCi, rather like a Florilus. Hany of the 

species in the Recent Foraminifera collection of the Bri tish I-luseum 

labelled as N. asterizans should \ correctly be referred to other 

species. Ebro del ta specimens are identical with specimens from 

the type locali ty at Rimini and are much closer to Fichtel &: MoU 's 

type figures • 

.!ionion depressulus WAIKER &: JACOB emend. lroRRAY , 

plate 20, figure 2 

B.M. no. 1969:4:30:117 

"Nautilus spiralis utrinque •••• tt Walker &; Boys 1784: 

minuta rariora; p. 19, fig. 68. 

Testacea 
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Nautilus depressulus Walker & Jacob 1798: In - Kanmacher 

'Adam's essays on the microscope', p.641, pl.14, fig • • 

Nonion depressulus (Walker & Jacob) MuITay 1965: Contr. :33. 

Cushman Found. Foram Res. vol. 16, pt. 4, 

p. 148 - 150. 

Description: Test free, planispiral, involute, compressed; chambers 

9 or 10 in final whorl, increasing in size as added, slightly 

inflated; sutures distinct, depressed, more so towards umbilicus, 

curved; umbilici depressed, filled with granular material which ex

tends into umbilical areas of sutures; aperture a row of pores 

-, . 

along base of apertural face of final chamber; wall transparent, 

calcareous, hyaline, finely perforate, granular in structure; dimensiona 

of bypotype: max. diameter 0.26 mm., min. diameter 0.21 mm., thick

ness 0.09 mm. 

Remarks: The Ebro del ta specimens agree reaSonably well wi th 

topot,ypes collected from Reculver (see Murray 1965l», although some 

tend to be a little more compressed. 

NOnion o.f. N. gennanicum (EHRENBERG) 

Plate 20, figure 3 

B~. no. 1969:4:30:118 

Nonionina gemanica Ehrenberg 1840: K. Preuss. Akad. Wiss. 

Berlin p. 23. 
Ehrenberg 1841 : K. .Akad. Wiss 

Berlin, Physik - Hath. Xl., Abl. Jahrg. 1839 

pl. 2, fig. 1. 

NOnion germanicum (Ehrenberg) CuShman 1930: U.s. Nat. l.rus. 

Bull. vol. 104, pt. 7, p. 8, pl.;, figs. 4 - 5. 

~scription: Test free, planispiral, involute, compressed; chambers 

about 9 in final whorl of adul t specimen, increasing only very 



slightly in size as added, slightly inflated; sutures distinct, 

curved depressed, becoming thicker and more depressed towards the 

umbilicus; 'Umbilici filled with granular material that fre~uently 

extends into umbilical region of sutures; aperture a very narrow 

slit at base of apertural face of final chamber; wall calcareous, 

hyaline, finely perforate, granular in structure; dimensions of hypo-

type: max. diameter 0.28 mm., min. diameter 0.24 mm., tbickness 0.11 mm. I 

NOnion laevigatum (DtORBlGNY) 

Plate 20, figure 4 

B~. no. 1969:4:30:119 

Nonionina laevigata A. d'Orbigny 1826: Tableau methodique de 

la classe des cephalopodes. 

Ann. Sci. Nat. Paris sere 1, tome 7, p. 293. 

Also F.E. Guerin - Neneille 

lconographie de Regne Animal de G. Cuvier. 

J .B. Bailliere, Paris, 1843. MOllusques, p. 9, 
pl. 2, fig. 7. 

- Fornasini 189?: Accad.. Sci. lst. Bologna 

Mem. Sere 5a, vol. 7, p. 13, text fig. 1; 1900 

vol. 8, p. 43, fig. 47. 

Qescription: Test free, planispiral, involute, compressed; chambers 

5 - 7 in final whorl, inflated, increasing in size as added; 

sutures distinct, sharply recurved, depreseed, especially in umbilical 

region; umbilici depressed and filled wi th granular material that 

sometimes extends into bilical region of sutures; aperture obscure, 

but is probably a very small slit or row of pores at base of 

apertural face of final chamber; wall calcareous, hyaline, very 

finely perforate, granular in structure; dimensions of hypotype: 

lIlax. diameter 0.20 mm., min. diameter 0.16 mm., thiclmees 0.08 nun. 



Nonion matagordanum KORNFELD 

Plate 20, figure 5 

B.M. no. 1969:4:30:120 

Nonion depressula \ialker &: Jacob var. matagordana Kornfeld 1931: 
Recent littoral Foraminifera from ~exas -and 

Louisiana. 

stanford Univ. Dept. (;eol. Contr. vol. 1, p.87, 

pl. 13, fit. 2. 

Florilus scaphus (FICHTEL & MOLL) 

Plate 21, figure 1 

B.M. no. 1969:4:30:121 

Nautilus scapha Fichtel & }1011 1798: Testacea microscopia 

p. 105, pl. 19, figs. d - f. 

~onionina scapha (Fichtel & Moll) Brady 1865: Nat. History 

'l.'rans. Northumberland & Durham vol. 1, p. 106, 

-- -pl. 12, figs. 10a - b. 
\ 

NOnion scaphum tFichtel &: 1-1911) Cushman 1930: U.S. Nat. 

~escription: Test 

peripher,y subacute; 

}lus. Bull. 104, pt. 7, p. 5, pl. 2, figs.:3 - 4. 

free, planispiral, involute, slightly compressed; 

chambers 12 - 16 in final whorl of adult apec-

ilnen, increasing in size as added, resul ting in flaring of test; 

sutures distinct, gently curved, slightly depressed in umbilical 

region only; umbilici slightly depressed, filled \d th white granuler 

material that often extends into umbilical regions of sutures; 

aperture 

hyaline, 

a narrow, equatorial, interiomarginal slit; wall calcareous, 

finely perforate, granular in structure; dimensions of hypo-

type: max. diameter 0.56 mm., min. diameter 0.40 rom, thickness 0.21 mm. 
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RemarA:s: Fichtel and f1oll' s type specimens were collected from 

Ri mj ni , and they also recorded it from the Pliocene of the Sienna 

region of Italy. Although Vile type figures are not good, they do 

show that the test appears to 'flare', having a greater height than 

breadth. Ebro delta specimens ag;I!ee satisfactOrily with the type 

figures and also wi th specimens collected near the type locali ties. 

Florilws c.f. F. japonicum CABANO) 

Plate 21, figure 2 
B.M. no. 1969:4:30:122 

Nonion . japonicum Asano 1938: On the Japanese species of 

Nonionella atlantica 

--....-". . 

Nonion and its allied genera. 

Geol. Soc. Japan Jour. vol. 45, no. 538, 

p. 593, pl. 15, figs. 1 - 2. 

cusmWl 

Plate 21 , figure 3 

B.N. no. 1969:4:30: 123 

Cushman 1947: New species of Foraminifera 

from off the southeast coast of the United 

States. 

Contr. Cushman Lab. Foram. Res. vol. 23, p. 90, 

pl. 12, fig. 3. 

Nonionella opima CUSIDlAN 

Plate 21, figures 4a - c 

B.M. no. 1969:4:30:124 
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Cushman 1947: New species of Foraminifera 

from off the southeast coast of the Uni ted 

states. 

Contra Cushman Lab. Foram. Res. vol. 23, p. 90, 

pl. 20, figs. 4 - 5. 

Description: Test free, trochospiral, asymmetrical, spiral side 

evolute with an umbonal boss; chambers 6 - 10, increasing rapidly 

in size as added, final chamber very inflated and extends to 

umbilical side to form prominent umbilical flap; periphexy rounded; 

sutures distinot, straight, flush or very slightly depressed; aper

ture interiomarginal, a low arch extending a little onto umbilical 

side; wall calcareous, hyaline, very finely perforate, granular in 

structure; dimensions of bypotype: length 0.31 mm., width 0.21 mm., 
thiCkness 0.18 mm. 

Family Alabaminidae Hotker 1951 

QYroidina c.f. G. umbonata (SILVESTRI) ** 

Plate 22, figures 1a - c 

B.M. no. 1969:4:30:125 

Rotalia soldanii d' Orbigny var. umbonata Silvestri 1898: Mem. 

Accad. Pont. Nuovi Lincei, . vol. 15, p. 329, 
pl. 6, fies. 14a - c. 

Family Anoma'inidae Cushman 1927 

~lOnis pompilioides (FICHTEL & MOLL) 

Plate 22, figure 2 

B.M. no. 1969:4:30:126 



Nautilus pompilioides Fichtel & Moll 1798: Testacea micro-

scopia p. 31, pl. 2, ~igs. a-c. 

SUperfamily ROBERTINACEA Reuss 1850 

Family Robertinidae Reuss 1850 

Robertina erotica D'ORBIGNY emend. HOGLUND 

Plate 22, figure 3 

B.M. no. 1969:4:30:127 

d'Orbigny 1846: Foraminiferes fossiles du 

bassin terti are de Vienne. 

Gide et Comp. Paris p. 202, . pl. 21, figs. 37 - )8. 

Hoglund 1947: Foraminifera of the Gullmar 

Fjord and the Skagerak. 

Uppsala Univ. Zool. Bidrag Bd. p. 219, pl. 18, 
fig. 2. 
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APPENDIX Sample station data 

u, su 
ST •. TI O:l c. 2 4 5 7 e 9 10 11 12 14 15 i. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 ~1.1 35 36 37 38 39 40 41 42 43 44 45 46 47 h8 4.9 50 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

(M~TRES) 51 !, "') "1.1; 22 n4 ?7 18~ c;J.. In!.. 111 , .1.- 11 h ~~ ~~.J,. .,,q ~ I, ~ J, 10 A I'i ' 1 10 ~p, ?7 ~" ~Fl h .. +! q Po £, 6 15 14 12. 1:2 8 5 4~ 5 5 6 6 6 6 6 6 50 4~ ") 5 6 23 19 14.} 11 8 '5{ 1 <sh.1 2B ?? 17 Wi; ') 
UM"'Ul 

VOL. SEDIMENT (ml.) 290 14 118 -66 120:"48 230 172 276 118 122 110 154 268 118 98 110 ..:46 10;.,5 124 100 200 i Sle 55 322 30' 162 "185 146 270 11>; 182 19'5 250 180 16,· 101.1 245 19 190 290 100 172 125 98 108 275 30" 4,)C 490 16<; ~qO 11 ~ 11 "i ~ 11h">; IHlD ip,o I '7? ??? IHI? I ~ i I • I " Po >; '17.0.. 

SURFACE AREA (~2) 317 108 236 276 240 ~O? 288 269 :: 12 235 ~ +2 ...,,.,. .. ~ 26;:- 308 38 224 228 300 '05 242 25 2 .... 2 '271 304 327 32C ,t4 275'2561308 235 273 279 J02 273 266 227 300 127 377 322 224 270 245 224 234 310 322 359 375 265 348 232 260 251 250 247 343 288 223 233 271 268 

% > 200 MESH 2 4 6 4 5 14 26 68 !:1 28 23 2 2 3 '.3 ,0 40 69 89 :16 33 13 4 1 2 1 5 4 7 2 20 2 6 6 22 16 58 1~9 47 21 19 11 15 11 3 11 1 43 8 8 9 8 32 77 99 96 100 2 3 7 20 96 97 

'NT . FLOAT (mgr.) 426 - 108 B02 40 508 44 ~43 109C 1,0 35 19 60 376 287 12:'; <.':' 66 .2 26 17 336 :.18 59'1 '38 22C 4Cl7 259 119 148 377 363 L~06 685 560 i">96 812 618 L~67 107< 224 297 034 726 237 120 130 7816 12871 13419 Li.6L 1 n"' 61i-l 7g 21~4 1<.8 q8 8~6 ~I)? 1 .. 69 "iiI) li6q 1J.2.. 

'lIT . ')0 cm2 64 - 1.1-3 5 16 84 8 83 1d 9 7 5 12 61 "1 66 5 13 6 5 4 60 75 )8 52 34 77 ~7 35 .)~ 16l 67 7J 113 102 74 179 105 184 11+2 3L\--8 66 191 180 58 28 22 213 334 456 12~ 103 13:2 22 49 28 19 121 96 81 07 31 10 

SURFACE TEMP. 0,.. 
~ 13 13t 13 13k 13~ 13~ 13~ 1 3~ 14 1 '+ 14 13~ 14 14 14 14 14 1)d 1l~ 14 14t 141 14 1~ 1~ 15 15 15 151 1% 14 14 ill- 1h 14 14 15 14& 1 t~· 14~ 14~ 27 27 25~ 26~ 26~ 2',J, 26 2'';' 

BOTTOM TEt.:P. °c 13i 13; 11. 14 HI- 14~ 13 15 15 15 15 15 16 151 1 S 1> 16 16; 15~ 15~ 14' 13~ 1+ 13~ 27 27 26 25~ 20 25 2"i: 26 

SALINITY %0 ~8.8 38.8 38.8 37.3 38. 1 3;.. ,5 3e. 39 .- ,39 . 9 .1 ~9.3 ~8.4 )9.: ~8.9 38.( 39.1 ~8.9 3e • .e 37.t:. 39.~ 38. :'7. ~8-3 ~8. :;: 58 .-ti 38 .4 ~e.e 37. ' 38. 38, ,,-. 1 • 

31 1 32 1 su s 
STATION NO. 18 19 20 21 22 23 24 25 _6 7 28 29 30 31 32 33 34 35 36 37 38 39 I~.o '41 42 43 l# 45 46 47 48 1 2.A 17A 4 5 6 7 8 9 10 11 12 13 1 !~ 15 16 17 18 19 19A 20 2'1 22 23 26 'i.7 28 29 30 

DEPTH (METRES) 14t 1L~ 13~ 11 ·~ 10 6 4 46 311 20 14 10 7 5 8 12~ 5 8 4~ 8 9 11 12 13 9 8t 7 5 st 5 5 34~ 5 33~ 20 12 H~ 11 10 8 ':" 17~ 16 14 10 3 3';- 2;- ') 3 3~ 3~ 6 8 1 1.1. 2 1 ~. l' 1 .~ 

VOL. SEDIMENT (ml.) 106 300 135 27C 1 ?O 125 ~ 15 5·'·7 580 182 ~70 260 495 136 298 200 135 148 180 103 105 20i.j "".4C ::.1C 15E 335 120 220 245 495 202 ;92 220 160 190 ;-00 155 185 160 105 120 130 I~O 130 1 ... 5 100 135 490 34C 130 115 12C 12C 155 580 125 740 e05 100 ;40 650 

SUffi'ACE AREA (em2 ) 230 320 247 309 240 245 23 2 388 395 273 393 .'1 1 376 247 319 280 246 257 270 227 230 281 2°- 2B~ 255 332 2..,0 288 299 377 280 317 288 274 275 280 258 272 260 230 U8 ~h7 165 244 252 225 250 >;7') 33" 247 232 235 23~ 258 395 21~0 430 4<+0 222 335 IIi 0 

% > 200 MESH 6 4 5 10 19 30 88 1 1 2 4 2 2 97 27 10 95 91 99 76 100 1~6 79 1e 4 4 ~ 5 9 10 11 2. 96 4 71 97 94 92 88 89 90 5 3 19 82 96 94 59 62 39 !ili 70 25 8 22 60 7 7 18 1 .. 13 

VlT, FLOAT (mQ;r. ) W.!1: 1 ' ,0"1 c:;,., 7g - ~67 17,B '1111 ,It 1 ,p,., c,>, hG7 288' .. "0 i .101 " ... q ',-1 76 1.1.6 hi '1" b 'i J,b Q "i~11 -.;66 'J.I, 'Cl1 (B 416 1627 178< 626 l)11) 2q q:;J 0'\8 ??/, gB 7C, 1% 97 '17' ')99 89 ',0 3 1 9S <;2 66 !8g!. .. ~7'J6 21' 6'1 ? 'if 61 h6r 7n6~ I,QQf 17.9Q( ~/"lJ , .01 I, i .. fl· .,pq 

'fiT. 50 cm2 106 207 10E 12l:! 93 4B 111 44 48 13 60 +- .7 29 53 41 15 13 8 14 12 84 88 65 66 59 t:..6 72 191: 23 t 120 81 5 23 167 50 19 14 30 25 12 7~ 34 62 38 15 13 209 41.3 71 350 68 23 321 894 1Jl~ 1 382 346 212 268 352 

SURFACE TEMP. °c 26! 26 27 26 27 26 26 26 26 26~ 26 26 26 27 26· 21 22 21~ 22 22 25 24~ 27i 2L. ?!t 1 ?! 

BOTTOM TEMP. °c 26 25-; 26~ 25 26 26 2'5 26 26 26 25~ 26 26 26 20 22 21 21 21.Js 2hJ 12h 2~ 

SALINITY % 0 ~8 .1 ~8.6 38.E 38. 38. 38. 38. I) .L p.9 ~e.e ~8.9 3P.~ 38 . 38. 38. ~ ~ e .B ~8. Q ~7.7 ~o.~ 38. 37. .8 .8 .9 
.., 

t! • ... ' 
. , 



J~?E'DIX 3 

LS S.\j·:Pj"sf) -_ .. ----

:JaJ'ly formil".iferid SE'rt;.>lr:::.::, bClth fro:."l R"cent <:nd Terti "r:r 
secliJ:lents all ovpr 4u-o!,>c, were collected by, or 0:1 bohdf of 

the a'tt'hl)r for caz'pa:J.'iscm ui th the EOI\") dc1 t.., f,,::nn. S"v~!''"!l 

'iO:::'~(0.rS 0:101;' c>:ch--.n(·cd .. ..,tpnol. The pt:rpose of the co1l0c.l;;ion 

w<'.s, as h<3s bf>en pointed out in the text, to nato the Occu~_.ce 

of species occUlrin:,; in the ~oro dcl'~:l fa;.:na in other a""eos, \·:::.,th 

a vi 13\'1 to deter.nininf,' their eli ntri buti'on in the EtU'op0r'n area pr.d 

to hplp deriYe their o_iM.ns. O':;h0r 8~:"\1('s in tho Prni:ozo<'. ~0ctio!1. 

of the E:-i tiM !·:uce';1 of 1:.".tural uctory 'Here also cx~i!1~d for 

this purpose. 

Considerable cnre haf: been ttlkcn Hi th COl'l'!"":'irons. }.-'or.":1ir:..i.fCl--irlO 

frOM a sinn-Ie beach :18."ld f1~!llc, for c-:::, "!,l~, c.., -...>:ot. be tr2.C:0n ~s 

indic~.tive of the "rhoJ 0 fcnma livi."lt; off~hoT'c ::'1 that ['.rea. Si!"'.ilo.rl~'! 

a deep lnter sa;""1ple could ::lot be di::'oct1y cC:Jl.":')r-red ui.t"r t1'le rcl-

ativel~ shallolr Hater sannles t!ro~Uld t~e Burn del tn. 

Details of the location, a'je, etc. of the f'"X~~:nlos ere rtj.VC1 

beloi'l: 

"2S/1 

2 Triaite - zux - ~.er, Bri.tt:-n}; bc".c .. ~ G9J1c.. 

3 Scm ReDo, I tol .. r ; b"''1ch sa.l1d. 

4 Lido de sott()r:t~"'inc., Itnly U .. dri:-tic); b"ach f'Mn. 

5 Const of Bri tte::;i bcac!1 C~~~C . 



ES/8 - 31 Stagnonc, Sicily; shallr)'H Hater, lecoo:1al cediT!lcnts, livin: 

and dead fore~r~ferids. 

32 L1c.frflnch, Costa B.-:-ava, northeactc:'!1 Sl)ain; beach 8r:nd. 

33 Ale.ssio, Ital.y (.\nTiatic); beach sn.."'d. 

34 - 37 CrJ.lle~ford 3eds, Chille3:ord , Suffolk; LOi'rer P1eistoce"'c 

38 

39 

40 - 41 

42 

43 55 

56 64 
6c; 

66 

67 

68 

69 

70 

71 

72 

73 

74 

7: 
76 

77 

78 
80 

81 

(Ice.Tli.?.n), cln" S ;>J1(! sands. 

Rcd Cra:- (Ettle7i.:l."'l), Butley, S'Pffolk; Pliocene r-en':::;. 

Red Crag (~re1'1bour;"l..ien), ~':elTbourne, Suffol.1<:; Pliocene shelly 

sand. 
Coralline Crp..;,,", Gedr;rave, Snffolk; Plioce:'le sMds. 

Heru.111I:let, ':i'Uni sia; beac.1. sa.'1d. 

R.l1~ne de1.1;a; cl~rs <J:'ld san fro::! 5 - 98 m. dop+h. 

r·:~.iorca, southeest of .,:"..llorce, depths 63 - 452 m. 

C81a:;.y Isles; shcllov Hater sand. 

Dof"S B['~r, Conne:71:'ra; dune sann. 

Scheve-nin,r-er, Holl~1d; bAf\ch fJ3.nd. 

Rinini, It2J.y (Adriatic); beach san:::'. 

Ga.r{"aresh L:,~on, 'l'ripoli; shell Sa:1:l, 2 m. depth. 

Pirae' s n3.l"bour, • '~2enc; co<:.!'cc sc'l1d, 4 7:1. dep ~h. 

B~y of Elcnsis, Greece; shell 5a.'1d 18 r.1. dC'pth. 

Cape St. ::-xtin, Eonaco j dlCll cf1Jld, 50 l'1. de})th. 

R~sa, Yu";osl1:!Yia (Adriatic); calld, 22 D . dcrrtl. 

Gulf of A.iaccio, Corsica; bf:'?ch s;mc1.. 

Island of Delos, Grecian :.rchinc1a{;o; f;.'1 '11 sand 23 m. dc-p".;) 

Tri~oli; beach sx:d. 

T~uira, 1i bya; s:1::1101'7 1-Tator san~, 2 m. dc,!)th. 

Sirte, Lib:ra; bpwh Snl~d. 

rl'raHlin~; (TOu''1dc soutl1 of pJ'cryGt\:;.rth; r;:ud, 20 m. Cc!,-'.:h, 

Rozel Jer"'GY, 

82 Sen Rc!'~olo, I-'-n-y; Pliocene 2J1dl 6f.nd. 

83 Louor !'lioce 1 (M'.:i tani8.~) , - 'one V:Jlley. 

8t1, Unper Olit'Occnc, ~.stru'P bn O:--nabriick, AUt'tl""!l. 



85 

90 

91 

Lo\:cr T:i0cene ('D....rn; cali ..... "'!.) , 

riddle I·:iocer.e, (Hclve~ial'l), 

Frnnce . 

nr. Reunos, 

.. ~ .' l'.arrnero de Havl'.?nt, 

Rcdcmix . (Pliocene?) . 

92 LO'Hor J.:iocere U.C"1litai!1i"'ll1), I,im-niero de E:-:comcb~ou, ~'1C~ . 

93 Sk.:.r;c!'a..'k:, ennd 250 M.. depth. 

94 Avonraouth; sandy r-Tavel (?Pleistocene) . 



PLATES 



Photographs presented in the follO'tting plates were taken by 

means of a Scanning Electron microscope manufactured by Cambridge 

Instruments Ltd . ~s instrument is a relRtively recent innovation 

and has opened a new field in the examination of microfossils 

( i t has numerous other uses as ,~ell) • 1 ts ere at powers of mag

nification, while still preserving a considerable depth of field, 

are ideally sui ted to the study of foraminiferids . 

All the follolling photographs were taken on very 101; mngnific

ations but the scope of the microscope is ouch greater, allO'tting 

examination of test structures, surface textures etc . Scannin~ El~ctr~n 

!-licroscope study is as yet in its infancy but alread3r there h"ve 

been several ~ubliShed s~~dies incorporatine ~cennine electron ~hoto

microP'Tanhs; for e :anple, Honjo E\,nd Bereren (1967), B'U'tlett (1?6e) 

end .Boltovskoy (1969). 

Iii th ree-ard to the follol·line photographs, a numbe!' of minor 

practic<u difficulties arose durine the photography. '31e !,crformaYlce 

of the ScanIli.ne' Electron !-!icroscope varied fron da.'V to dn:r, 

ine E'..mone other thinGs upon the <Yee of the ml'in filiar.1ent, 

d~'pcnd

and 

this resulted in cood or poorer photorrraphs . Becnnse of time 

limitations and the lRrge n~ber of foraminife:~d speci~s to be 

photographed, a relpti vely roor photo"I'8:r>h could not a1"'''Y5 be 

repeated . ~erefore thc quality of the individual photocrnphs in 

the -plates varies but they are invariably superior to those that 

could have been produced by other photogl'< phic techniq'les . 

Prior to 3cannin~, speci.I:lens are coated thinly ,-d th a eo1d / 

palladiUM alloy and this poses a num'Jer of m~J.l problems . S ne

times, if the coating is not comp1C'te, I scm lines' mr'Y appenr 



across the photoeraph (e.g. plate 15, firure 1a), while in other 

cases the coating may crac.1{ a'ld flp.ke off slif;htly (e -e-. plate 

12, fie-ure 2b). Species '\-dth smooth surfa.ces and no surf2ce relief 

on their tests do not photoeraph wel1 because the coating obscures 

sutures and other features that arc normally visible (e.e-. plate 

12, figure 2b). On the other hand, species "lith eood surfl1ce 

relief, such as the Textulariina, photograph exceptionally well . 

Occasionally, sli~ltly broken specimens were inadvertantly counted 

for scannine- It ''1as usually not possible to make out these £;mall 

breaks under the convent;iQlI31 microscope, whereas the high maenific

ations of the Scanning Electron I-ucroscope makes them all too 

apparent (e.~. plate 8, figure 2). 

Despite these few' dra.l backs, it is thoup,ht that the Quality 
" -

and clarity of the photographs far exceeds thAt in those of 

most previous foraminiferid studies, and the author wishes to 

express his appreciation of the several hours of work spent by 

1-1r. C .A. \-fright in operating the microscope. 



PLATE I 

3 



Fie· 1 

2 

3 

4 

5-

6" 
6b 

7 

8 

9 

10 

Reonhc?X der.tNj.r~i:for:rris - ... " .. "- -- - -- -- .... ----~---
(Frady) , :<: 180. 

(:lillii'l'1son), Yo 200. 

R. l"'c:1ilif r: e -------- - Siddall, 250. 

PJl'Ul:lolc::-, :x::>::>. 

de Eontfort, i: 90. 

R. <"cottii ---- Ch~~ter, x 130. 

II II 

R. s.~bfu~ifomi;, ----_ ..... .. .. --
[lpert".rre, x 1500. 

£~rIand, y 100. 

Eeron - t llon ar:d Earl~r.d, x 1.' 5. 

. "'P'Olo",hrar:noidcs CLln:u""iemns d I Or'bip:!:Y, x 350 • -"--_._----_ .... ---- ---



PLATE 2 



PL!.TE 3 

Fig. 1 (r~:.'.tlond) , x 200 . 

2 _\ . ~a.lcu.~ x 195 . -----
:5 r.i:c:.::tul "ric c:::t1 v'" 

~---.-~~ -- .. - Lalicl:cr, z 140. 

4 T. tenuissi.L1a --------- E:"xl.:?lld, y. 360 . 

5 j . 50 ., x 90 . 

6a 

6b " It tt dors?.1. \1. en , x 240 . 

7a (,:oata.c;u), ventral vie';-:, x 280 . 

7b II II dorral vi e~·T , x 280 . 



PLATE 3 



PLATE 4 

Fie· 1a r.rroch.. "mmina lobata 
--~-- ---

CU::;"'::ran, ventral vie,'" ~ 235. 

1b It " 11 dorsal vieW': x 250 . 

2a ':i: . sp . , do!'~al vie~'l, x '360. 

2b " ventral vie,r, :~ 310. 

3 Anrp snp..'1.c.!01.c1~i:1~.:~.ha_e.z:o.i.dj. !':i!.o.r..:L~ (Bred-v) , :>: 300. 

4 (Ere.dy), x 300 . 

5 E'7l"crella s..c,";.bEl! (l1illi::ns"n), x 220 . 

6 ~~. I:'dveA£: (Cusll::1an), x 480 . 

7 Clavulina ob~~1; ~1aste!', x 355 . 



PLATE 4 



Fig. 1 

2e. 

2b 

3 

4 

53, 

5b 

6 

PLATE 

CVclo!"VJ"~ incerta ---,-------- d'Orbien;r, Yo 210. 

" It II dorscl Vimr, x 100 . 

d'Orbitny, :.:: 190 . 

Q. l:--cVi.c:3.t;: (dfOrbicc.y), x 265. 

9,.._lo!'::droF'tra d t Orbir::::Y, A 86. 

II opposite Vim'!, x 82. n , 
d'Orbigny, x 190. 



PLATE 5 



PLATE £; 

Fig. 1 Quinn"eloculina scr~ t1J1 he""c·c.......; (Hoi e-ncr ) 1 X 355 . , - _._·J_.J.2~'::" 

2 Q . se:ninulun (Lil'l.'1e) , x 120 . -----_._-
3a fl- sp ., y. 150 . 

3b 11 opposite vicu, x 135 . 

4 P,,-:!FO inorl~C'.t2 ((1 1 O:"oig'lY) ~ x 180 . 

5<1 '·:asf"lili!1a seC8:1S ! d I o !'bit:ny ) , x 40. 

5b 11 \I II o'.J})osi te vi e"l , x 40. 



PLATE 6 



Firo . . 1a '?riloculina dubia 
-~ -~---., ... -

1b II 11 oppo s:' te "Ii'i C~oT , X 100. 

2a 

2b 1\ t1 onnosi te ... "i m7 , __ 130. 

3a d t OrlJir;r..y , x 100. 

3b II It [;:pcrtl.l.re , x 220. 

3c " opposi te vic1: to 3a, ~ 100. 

48. 1':' n1' ., :: 375 . 

4b " o::?poci. tc vi ell, ..... 350 . 



PLATE 7 

4b 



PLi.'l'E 8 
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