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Abstract: 

The problematic morphology of the genus Nanrwconus has previously been considered as a composite 
cone structure, built from a spiral arrangement of plates surrounding an axial canal. New observations on the fine 
structure of nannoconids in sample material from NW Europe have been made using the scanning electron 
microscope. Two distinct aystal plale orientations are recognised in longitudinal sections of the nannoconid body. 
Plates ofType A closely overlap and imbricate with a very low angle of inclination to the horizontal axis of lhe 
specimen ( a. angle). In contrasl, Type B plates also imbricate but with little overlap and are aligned bei ween cycles 
construcled of Type A plates, at a higher degree of inclination (13 angle). These characteristics are related to the 
spiral angle which was first observed by BRÖNNIMANN (1955) in the light microscope. Variation in the 
inclination of Type B plates is used as a basis forthe recognition of three new morphogroups. Tue width of the cycle 
constructed of Type A plates subdivides these morphogroups to an extenl where taxonomic identifications can be 
made using the extemal and intemal shape of the specimen. The classification of nannoconids, into lhree 
morphogroups, is discussed with reference to representative species from the Lower Cretaceous of NW Europe. 

A preliminary study of the evolutionary lineages for the morphogroups identified from NW Europe is 
given. Tue earliest nannoconids are inlerpreled as morphogroup 2. (intermediale 13 angle of Type B plates and 
a l µrn width of a Cycleconstructed ofType A plates). Subsequent evolution of morpru>group 3. (high 13 inclination) 
in the Laie Tithonian and morphogroup l. (low 13 inclination) in the Laie Ryazanian is suggested. 

1. Introduction 

Tue study arises from an invcstigation of Boreal Lower Cretaceous nannofossil 
specimens of Nannoconus. A total of 409 samples from fifteen weil sections ofRyazanian 
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to Albian//Cenomanian age were studied (Figure 1). Nannofossil preservation was good, 
however, the nannoconids were often found to have a thin, calcitic overgrowth film when 
observed in the scanning electron microscope, obscuring the micro-crystallographic nature 
of the specimen; such overgrowth did not greatly affect the appearance in the light 
microscope. Initial observations on the structure were made with an Olympus BH-2 light 
microscope, using crossed-nicols and partially-polarized light. The fine structure of the wall 
was interpreted by using SEM micrographs from aJEOL T200 scanning electron microscope. 

2. Historical background 

Tue initial recognition of the bottle-shaped structures, constructed of a network of 
intercrossing calcite plates, that were subsequently called nannoconids, was made by 
LAPPARENT (1925). A more detailed account was later given by KAMPTNER (1931) 
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who erected the genus Nannoconus with a single species N. steinmannii. In his description 
he interpreted the structure as composed of wedge-shaped elements, the pointed inner 
ends of which protrude into the central cavity. He inferred the elements to be arranged 
perpendicularly around and obliquely to the longitudinal axis of the test. The description 
was illustrated by schematic sketches of a longitudinal and horizontal section of N. stein
mannii, Figure 2(a). KAMPTNER later (1938) recognised two terminal apertures and the 
absence of pores between the plates, inferred by LAPPARENT (1925). 

BRÖNNIMANN (1955) gave a more comprehensive morphological account 
during the investigation of both globular and U-shaped species of Nannoconus, in addition 
to N. steinmannii. He gave a revised structural sketch, Figure 2(b), and confirmed the 
observations ofKAMPTNER (1931, 1938) on the wall elements. However, he thought that 
in tangential sections the individual elements are arranged along a gradually mounting spiral 
or spirals. Within each spiral the wedges are aligned in rows perpendicular to the spiral and 
oblique to the axis ofthe test, as noted by KAMPTNER (1931). He furthermore described 
the wedges as irregularly rhomboid, with the outer ends flush with the external surface of the 
test. DEFLANDRE and DEFLANDRE-RIGAUD (1959) show this spiral structure in their 
illustrations of new taxa from Western Tethys (Figure 3). 

TAPPAN (1980, p. 279) was the first author to quantify the degree of inclination 
of the spiral feature observed in the light microscope. She recorded an apparently sinistral 
spiral with an inclination of30° from the horizontal (plate overlap is here recognised as being 
in a clockwise/dextral manner from scanning electron micrographs and not in the sinistral 
spiral suggested by T APPAN (1980). This inclination angle was thought by other workers 

Figure 2 
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Fig. 2: Schematic sketches of N. steinmannii: a) after KAMPTNER (1931) and b) afler BRÖNNIMANN 
(1955). 
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to be consistent throughout the genus, an assumption disproved by PERCH-NIELSEN 
(1988) who described variation in degrees of inclination and thickness of the spiral 
components between new species from NW Europe. This observation is developed in Lhis 
study and provides the basis for the results presented. 

Figure 3 

Fig. 3: N. dauvillieri re-drawn from DEFL.ANDRE and DEA.,ANDRE-RIGAUD (1959). 

3. Crystallography or the nannoconid wall 

The basic component of the wall ultrastructure is the plate, a perfect to irregular 
rhombohedron, which can vary in size and shape. There is no evidence of tapering of the 
individual plates towards the centraJ opening and it is therefore suggested that the term 
"wedge" is inappropriate for describing the structure ofNannoconus. The individual plates 
are susceptible to breakage extemally and dissolution/overgrowth features which can alter 
the extemal appearance. 

Use of the scanning electron microscope has enabled the fine structure of the 
nannoconid waJI tobe observed. A distinct array of grooves and ridges is often visible on the 
extemal surface which reflects the degree of overlap of the rhomboidal plates and their 
orientation relative to the longitudinal axis; the plates sometimes appear almost flush with 
theoutersurface,as mentioned by BRÖNNIMANN ( 1955) from light microscope observations. 

During routine light microscope observations on nannoconid species from NW 
Europe, the angle of inclination to the horizontal axis of the specimen, and the width of the 
"spiral" feature visible was recorded. In longitudinal view, each species was found to have 
a unique inclination to the horizontal axis and "spiral" width configuration, in relation to the 
extemal and intemal morphological features. Scanning electron micrographs of the wall 
were correlated with the characteristics visible in the light microscope and a num berof clear 
plate relationships becarne apparent. 

The initial structural determination was made using scanning micrographs of N. bo
netii (PI. 1/5). Two distinctplateorientations relative to horizontal axis ofthe individual were 
evident (Fig. 4a and b): 
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1. Plates arranged in a closely overlapping tier and gently inclined at a horizontal 
intercept angle, a < 20° - Type A plates. 

2. A second set of plates, closely imbricated which are aligned between cycles of 
Type A plates. Tue angle of inclination of these elements, ß being 40° - Type B plates. 

No change in the extemal surface dimensions of the individual plates of N. bonetii 
was noted along the length of the specimen. 

The scanning electron micrographs were directly correlated to the "spiral" feature 
observable in the light microscope, by using thesame specimen techniqueofGALLAGHER 
(1988). The width ofthe cycle constructed ofType A plates was found to represent the width 
of the spiral feature recognised in the light microscope by earlier authors - KAMPTNER 
(1931), BRÖNNIMANN (1955), NOEL (1958), TAPPAN (1980), PERCH-NIELSEN 
(1988). The "spiral" is defined by Type B plates which are in extinction (c-axis vertical) and 
are represented by a thin, dark lines separating the birefringent units in the light microscope. 

Tue structure of the wall was compared with that of other species in both the light 
microscope and the scanning electron microscope. Three important variables were noted 
between species: 

1. Dimensions of the individual crystal plates. 
2. ß angle. 
3. Width of Cycle A, related to the breadth of the individual plates and degree 

of overlap. 
Tue width of each cycle is dependent upon the dimensions and the degree of overlap 

of each plate. A more detailed investigation of this variable in individuals was not 
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b) 

Fig. 4: Schematic sketch of the surface N. bonetii showing: a) the cycles of plates present and b) the horizontal 
intercept angle of the plates present. 
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feasible due to the lack of suitable scanning electron micrographs. Variation in lhe plate 
breadth of different species can be seen clearly in PI. 1/2, 5 and 8. lt was observed that 
in some species, e. g. N. abundans, lhe development of the flange represents changing 
plate length and width along the longitudinal axis. Study of the exact dimensions of the 
component plates would require careful disaggregation of the wall, a technique which is 
not feasible at present due to the size of the specimens. 

The most impcrtant variable is considered tobe the ß inclination of Cycle B. This 
angle was found to vary from sub-horizontal to sub-vertical in different species. Overlap 
of the individual plates is minimal, the cycle width is therefore only marginally greater than 
the breadth of the component plates and is often too small to measure in the light micro
scope. Cycle A (defined by the extinction of Cycle B) is wider due to a greater degree 
of plate overlap and is therefore easier to estimate in the light microscope. Tue a inclination 
has a lower angle relative to ß and can only be accurately measured in the scanning 
electron microscope. 

4. Systematic identification or morphogroups 

Previous morphotype classification schemes have relied upon the extemal shape 
dimensions and internal contour (BRÖNNIMANN (1955), NOEL (1958), DERES and 
ACHERETEGUY (1972)). Initially this scheme provided a simple framework for the 
identification of easilyrecognisable morphospecies. Tue degree of morphological variability 
of Nannoconus has consistently caused problems in species level taxonomic assignments. 
Tue ideal medium for taxonomic identifications is the light microscope where the intemal 
and extemal features can be clearly seen. The use of a scanning electron microscope is 
effective if same-specimen observation in both LM and SEM is used to confirm the detail 
of the wall structure. Nannoconids, however, are susceptible to thin, plate-like overgrowth 
of the external surface which may obscure fine detail of the wall and give a smooth 
structureless extemal appearance in the scanning electron microscope. 

Three morphogroups are recognised on the basis of ß inclination: 
1. ß < 200. 
2. ß = 20-45°. 
3. ß>45°. 

Tue second wall structure feature is the width of the Cycle A, this is used as a sub-
morphogroup character: 

.1 < 0.5 µm . 

. 2 0.5-1 µm . 

.3 > 1 µm. 

A total of six sub-morphogroups are recognised in the material studied from 
NW Europe. These were numbered according to the above light microscope cate
gories i. e. *. indicates the ß inclination and . * indicates the width of Cycle A ( where * is 
category 1-3 respectively). Therefore morphogroup 1.1 has a ß inclination of <20° and 
a width of <0.5 µm for Cycle A. 

78 



A representative species is given for all the morphogroups found in the 
preliminary analysis, Figure 5. The specimens used for the identification of the three main 
morphogroups (i.e. variations in the p angle) are illustrated in Plate 1. A complete summary 
of nannoconid species into the new groupings is not yet possible. 
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Fig. 5: A summary of the sub-morphogroups identified in NW Europe (based upon categories recognised 
in the light microscope). 

S. Evolution 

Since therecognition of Nannoconusin 1925, fewauthors havediscussed thepossible 
phylogenetic and evolutionary development of this genus. Tue earliest attempt at lineage 
reconstruction was by BALDI-BEKE (1961 ). She used the relationship between the ex ternal 
(outline) and intemal morphology (central opening development) as the basis for a model 
of possible evolutionary development. She proposed N. dolomiticus as the precursor of the 
genus from which subsequent diversification could be traced. She suggested that N. 
bronnimannii evolved during the same period, but, she did not recognise an evolutionary 
lineage developing from it. 

DERES and ACHERITEGUY (1980) presented a phylogenetic scheme involving 
some 38 species and sub-species of Nannoconus arranged in lineages based on intemal and 
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extemal morphology. Their diagram (Table 5) is a useful summary of morphological 
variation but fails to provide clear models for the origination or evolution of the genus. All 
ranges are given to stage level only andin particular five possible ancestral species are given 
as first occurring in the Tithonian, including N. dolomiticus and N. bronnimannii. 

Recognition of several distinct primitive nannoconid types in samples from the 
westem North Atlantic by WIND ( 1978) led to the most recent discussion of the precursors 
to the phylogenetic development of Nannoconus, by BRALOWER et al. (1989). Studying 
material from DSDP Sites 391C and 534A, westem North Atlantic, they correlated the 
stratigraphical range of 6 species with the magnetostratigraphical scale. They also erected 
4 new species and 1 new sub-species within the lineage in addition to a new genus,F aviconus. 
These early forms are tentatively thought to belong to morphogroup 2.3 from the literature 
but this needs to be confirmed with light and scanning electron microscope observation. 

In order to understand the development ofplate orientation within the wall structure 
we need toconsidera precursor toNannoconus. The pre-requisite features would be a conical 
outline and a wall construction of plates arranged in two orientations. A discussion of conical 
calcareous nannofossils in the Mesozoic is given by BOWN and COOPER (1989), 
concentrating on the genera Eoconusphaera, Conusphaera, Mitrolithus and Pseudoconus. 
Tue first three genera are comparable to Nannoconus in extemal outline but, unlike 
Nannoconus, show similar morphologies to each other with an outer casing ofthin, vertical 
elements and an inner core of radially arranged plates. These conical genera occur at discrete 
stratigraphical levels through the Mesozoic and all are common in the Western Tethys during 
their respective ranges. They are interpreted by BOWN and COOPER (1989) as 
homoeomorphs which possibly occupied similar environmental niches. 

Nannoconus might be considered as homologous with the conical nannoliths 
discussed above, based upon the extemal shape and dominance in the Tethys during theEarl y 
Cretaceous. lt differs quite significantly, however, in the lack of an outer, vertical sheath 
of elements. The elements in the nannoconid structure appear to be of consistent size 
within an individual species (disregarding species with extemal constrictions or projections 
in their outline). lt appears unlikely that Conusphaera in the Late Jurassic/Early Cretaceous 
evolved intoNannoconus, as this wouldrequire theouterrim elements to change dimensions 
and orientation and become incorporated into the central core. 

Tue genusPseudoconus ofBOWN and COOPER (1989) from the mid Jurassic also 
shows similar characteristics to conical nannoconids. Only a very thin, poorly developed 
canal appears to be present but this may be an optical illusion due to the extemal median 
furrow which can be observed in scanning electron micrographs of P. enigma. Tue outJine 
of the individual component plates is unclear but appears to be equidimensional. Tue 
structure of the type specimens (BOWN and COOPER, 1989, PI. 5.2, Fig. 13-20) is also 
unclear, possibly due to poor preservation, but a semblance of plate organisation can be 
observed in parallel rows inclined very slightly to the horizontal axis of the specimen. 
However, Pseudoconus has a restricted range in the Middle Jurassic whereas the earliest 
nannoconids did not appear until the Late Tithonian. lt is possible that the scarcity of this or 
other possible precursors toNannoconus is related to a gap in records due to preservation or 
Jack of recognition ofthe genusP seudoconus. If we consider Pseudoconus as the evolutionary 
predecessor to Nannoconus then the earliest structures is a set (or sets) of crystal plates 
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orientated at an angle of <15° to the horizontal axis of the specimen. If two plate orientations 
are present,then they have not yet been clearly determined due to the preservational state of 
the figured specimens. Each crystal unitorrow in P seudoconus has a width of approximately 
upto0.2 µm. 

Stratigraphically younger than Pseudoconus, appearing in the late Early Tithonian 
is the genus F aviconus. This genus has been described and illustrated in the light microscope 
by BRALOWER etal. (1989, PI. 8, Fig. 6). From his plates similarities appear tobe evident 
between Nannoconus and Faviconus. lt may be possible that Pseudoconus developed into 
Faviconus which may be a direct predecessor toNannoconus. Further investigation in the 
scanning electron microscope of the possible forerunners to Nannoconus would be of 
considerable interest. 

6. Morphogroup evolution 

The earliest nannoconids are thought tobe classifiable as morphogroup 2.3, that is 
characteristic ß angle (20-45°) and wide Cycle A (approx. 1 µm). Throughout the Early 
Cretaceous, morphogroup 2. contains the most diverse morphological variants, with some 
ofthe most elongate, heavily calcified species e. g.N. bonetii. Species appear to evolve from 
this morphögroup. N. buchen· is tentatively postulated as arising from this lineage in the 
Valanginian, with areduction in the width ofCycleA, associated with adecrease in the plate 
dimensions. In the Late Tithonian, canal development appears to have been weak until the 
evolutionary appearace of N. bronnimannii and N. kamptneri minor in the Late Tithonian, 
coupled with species diversification. 

The first new morphogroup to evolve is represented by the appearance of N. globulus 
minor in the Late Tithonian of the Tethys (morphogroup 3.3, very high ß angle and wide 
Cycle A). This species is not recognised in NW Europe until the Ryazanian, due to 
provincialism. The species within this group are all globular with clearly developed cavities; 
they form an important component in the Boreal nannofossil assemblages. 

The presence of Nannoconus sp. (discs) and N. sabinae in the Laie Ryazanian 
are thought to depict the first species with a sub-horizontal ß angle and wide Cycle A 
(morphogroup 1.3). No electron micrographs of this species have been published and its 
nature is not fully understood, but it appears to be a short-lived lineage, a precursor to 
other low-angled sub-morphogroups 1.1 (very fine Cycle A, e. g. N. circularis) and 1.2 
(intermediate width of Cycle A, e. g. N. concavus). Only sub-morphogroup 1.1 is of any 
importance in NW Europe, producing monospecific blooms in the Late Barremian. These 
morphospecies are all small and contain either a narrow central canal (N. abundans) or 
well-developed cavity (N. circularis). 

A preliminary summary ofthe evolution ofthe morphogroups is shown in Figure 6. 
This is asimple evolutionary model based upon changes in the component plate orientations. 
Further study of Tethyan material is essential before detailed species lineages can be 
interpreted. lt shows, however, that the lineage representing morphogroup 2. (with the 
Type B plates oriented at an angle of 20 - 45° to the horizontal) mainly contains elongate, 
well-calcified structures. The reason for this is not clear but may be due to some 
environmental Stimulus, these species attaining high abundance values in the Tethyan 
Realm. 
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Figure 6 

Fig. 6: A prelirninary interpretation of the evolution of wall structure morphogroups. 

7. Conclusions 

In the present study the morphology of nannoconids from fifteen weil sections of 
Early Cretaceous age from NW Europe were analyzed. Scanning electron microscope 
images of the detailed micro-crystallography of the surface of N. bonetii has shown two 
distinct orientations of the component plates. Type A plates form a closely overlapping tier 
structure with a low horizontal intercept angle ( ex), these tiers form a cycle which can be 
observed in the light microscope when focusing on the nearside or far-side wall, interpreted 
by KAMPTNER (1931) as a "spiral". Tue second type of elements, B, are imbricating and 
are aligned between zones ofType A elements, these define the angle of the "spiral" visible 
in the light microscope (ß angle). Tue variation in the ß angle is used here to classify the 
nannoconid forms into 3 morphogroups: low (ß < 20°), intermediate (ß = 20-45°), high 
(ß > 45°). Within these main categories the width oflhe Cycle A was found to vary, a feature 
used to subdivide the morphogroups e. g. 1.1 (low ß angle, < 0.5 µrn Cycle A width). 
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A preliminary investigation of the phylogenetic relationships of this genus based 
on the wall structure suggests that the earliest species may be classified as morphogroup 
2.3 (intermediate ß angle, coarse Cycle A). 

A closer study of all nannoconid species is now needed to provide a compre
hensive analysis ofthe total number of morphogroups present in this genus. Such a survey 
will involve data from the Tithonian-Campanian worldwide. 
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PLATEl 

Scale Bar= 1 µrn 

MORPHOGROUP 1. 
Figures 1-3: N. abwidans STRADNER and GRÜN (1973). 

1: Longitudinal view. 
2: Detail of surface. 
3: Schematic sketch of the wall structure. 

North Jens-1, 7561'11. Barremian. 2887/13, 14. 

MORPHOGROUP 2. 
Figures 4-6: N. bonetii TREJO (1959). 

4: Longitudinal view. 
5: Detail of surface wall structure. 
6: Schematic sketch of the wall structure. 

North Jens- 1, 7561 '11. Barremian. 2885/12, 13. 

MORPHOGROUP 3. 
Figures 7-9: N. globulus BRÖNNIMANN (1955). 

7: Longitudinal view. 
8: Detail of surface wall structure. 
9: Schematic sketch of the wall structure. 

North Jens-1, 7442'. Valanginian. 2915/22, 23. 
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