
1. Introduction

1.1 Paragloborotalia

Paragloborotalia are an abundant group of planktonic
foraminifera (calcareous marine zooplankton) ranging
from the Eocene through to the late Miocene. They are
globally distributed in low and mid latitudes. Cifelli

(1982) erected the genus Paragloborotalia which is
characterized by a spinose, normal perforate, coarsely
cancellate, sacculifer-type wall texture, with strongly
embracing chambers arranged in a low trochospire,
and an umbilical-extraumbilical aperture with a lip
(Olsson et al. 2006). Stable isotope investigations in-
dicate relatively positive δ18O values in paragloboro-
taliids in comparison to the rest of the assemblage,
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Abstract. The extinction of Oligocene planktonic foraminifera Paragloborotalia opima is an important
biostratigraphic marker for the upper Oligocene (base Zone O6 [P22]), however the taxonomy of the mor-
phospecies is unclear and therefore its biostratigraphic use is compromised. We conducted morphometric and
scanning electron microscope analyses on the Paragloborotalia opima-nana plexus and investigated whether
the two morphospecies P. opima (Bolli) and P. nana (Bolli) could be quantitatively separated or formed a con-
tinuous morphocline. These two morphospecies have previously been classified by their diameter, with P. opi-
ma defined as the larger morphospecies (0.39–0.55 mm) and P. nana confined to � 0.32 mm. The problem
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to 30.8 Ma). We found that the number of chambers and shape outline could not be used to determine these
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suggesting calcification in the thermocline (Poore and
Matthews 1984, Wade et al. 2007, Pearson and Wade
2009, Moore et al. 2014).

1.2 Paragloborotalia opima-nana plexus

Bolli (1957) described two subspecies that are signifi-
cant in the Oligocene: Globorotalia opima nana
(Plate 1.1) and Globorotalia opima opima (Plate 1.2
and 1.3). Paragloborotalia opima is the type species of

the genus and descended from Paragloborotalia nana
in the early Oligocene (Bolli 1957, Olsson et al. 2006).
These two forms were originally described as separate
subspecies due to their test size disparity and different
extinction levels. The stratigraphic range of P. opima is
significantly restricted compared to that of P. nana and
consequently is utilised as an expedient index fossil.
The extinction of P. opima is an important biostrati-
graphic event and the limited stratigraphic range of
P. opima has been widely utilised in all Oligocene
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Plate 1. (1a–c) Holotype of Globorotalia opima nana Bolli, 1957; (2a–c) Holotype of Globorotalia opima opima Bolli,
1957; (3a–c) Paratype of Globorotalia opima opima (USNM 5660) Bolli, 1957, Globorotalia opima opima Zone (Zone O5)
Cipero Fm, Trinidad. Scale bar = 100 microns.



planktonic foraminiferal zonal schemes since the
1950s (Bolli 1957). The highest occurrence has been
calibrated to mid Chron C9n at Site 1218 (Wade et al.
2007).

Bolli and Saunders (1985) stated that the number of
chambers and chamber arrangement were common to
both morphospecies. Paragloborotalia nana is consid-
ered as having a conservative morphology of four
compact chambers (Olsson et al. 2006). The holotype
of opima opima is actually a five chambered form
(Plate 1), which are relatively infrequent in Oligocene
assemblages (and indeed in our studied samples). Bolli
recognised this and stated “only rarely does one find
specimens with five chambers. Such an unusual spec-
imen was unfortunately chosen as the holotype for
G. opima opima” (Bolli and Saunders, 1985, p. 202).

Bolli and Saunders (1985) measured the maximum
diameter of P. opima-nana plexus specimens from the
type locality in Trinidad, to evaluate whether size
 restrictions could be used to separate the two ʻsub-
speciesʼ. They found that four size classes could be
distinguished (see Table 1). The two extreme size
classes, � 0.32 mm and � 0.45 mm, clearly represent
P. nana and P. opima respectively. Bolli and Saunders
(1985) also recognised two intermediate size classes
(0.32–0.38 and 0.39–0.43 mm). According to the
 classification, the 0.39–0.43 mm grouping also corre-
sponds to P. opima (i. e. all forms � 0.39 mm represent
P. opima; see Table 1 for explanation). The other in -
termediate 0.32–0.38 mm grouping was atypical of
P. opima-nana forms, as the final whorls commonly
comprised five chambers (although apparently exhib-
ited no other significant morphological differences;
Bolli and Saunders 1985). They suggested these forms
may actually represent ancestral forms of P. mayeri;
unrelated to the P. opima-nana plexus. Unfortunately

Bolli and Saunders (1985) did not provide details of
how many specimens were measured or the raw data.
Furthermore, measurements from one locality (Trini -
dad) may not be applicable to populations elsewhere.

Disparate workers have treated the opima-nana
plexus in different ways. Some studies adopt the size
criterion approach established by Bolli and Saunders
(1985), whereby � 0.32 mm forms and � 0.39 mm
forms are considered P. nana and P. opima respectively
(e. g., Miller et al. 1985, Leckie et al. 1993, Pearson
and Chaisson 1997, Wade et al. 2007). Although
 Bolli’s (1957) original descriptions highlight the only
morphological difference to be test size, another
 taxonomic concept has been used to distinguish the
two morphotypes, based on outline morphology, irre-
spective of size (e. g., Jenkins 1960, Spezzaferri 1994).
Jenkins (1960) restricted his concept of P. nana to the
four chambered forms, and P. opima to the 5 cham-
bered forms, regardless of specimen size. Spezzaferri
(1994) lists several criteria other than size (frequency
of apertural rim, profile lobateness, chamber expan-
sion rate, whorl number) to discern between the two
morphospecies.

Further, problems in taxonomic definition arise as
many specimens consistent with the taxonomic con-
cept of the opima-nana plexus are in the transitional
0.32–0.38 mm size range of Bolli and Saunders
(1985), resulting in many forms being referred to as
ʻopima-nana transitionsʼ (Wade et al. 2007, plate I,
figs. h–m). Whilst it is clear that larger forms do not
occur in the latest Oligocene, P. opima and P. nana re-
main problematic to delimit, which makes the true ex-
tinction event of P. opima hard to define and accurately
constrain its timing. Indeed, difficulties in identifying
“typical” P. opima have led to uncertainties in bio -
stratigraphic zonal boundaries (e. g., Poore et al. 1982,
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Table 1 Size classes of Paragloborotalia opima-nana specimens (maximum test diameter) as per Bolli and Saunders
(1985).

Size Range Assigned Species Taxonomic Notes
(maximum test diameter, mm)

0.25–0.32 P. nana ʻTypicalʼ four-chamber arrangement in final whorl

0.32–0.38 Intermediate Commonly five chambers in the final whorl. Perhaps ancestral 
(ʻtransitionalʼ) species to P. mayeri rather than within the P. opima-nana plexus

0.39–0.43 P. opima Deficient of the last chamber; less developed forms seemingly 
represent less mature specimens of those from the largest size 
range (therefore assigned to P. opima)

0.45–0.50 (or larger) P. opima ʻTypicalʼ four-chamber arrangement in final whorl



1983, Poore 1984). Both the size and ʻquadratenessʼ
morphospecies concepts have considerable ambiguity
with regards to morphological delimitation because 
of transitional forms. While a more morphological ap-
proach is valid in a palaeontological sense, these deter-
minations do not follow the taxonomic size-based
 concepts established by Bolli (1957) and subsequently
Bolli and Saunders (1985) when describing each
 morphospecies. Furthermore several workers have not
stated their taxonomic concepts for P. opima (e. g.,
Poore 1984, Flower and Chisholm 2006, Coccioni 
et al. 2013). Two fundamental problems encumber the
ability to confidently assign specimens of the plexus 
to either P. opima or P. nana; 1) Ambiguity regarding
intermediate-sized (ʻtransitionalʼ) specimens remains
prevalent despite the extensively utilised size-based
classification of Bolli and Saunders (1985); 2)  The

taxonomic decision as to whether a specimen qualifies
as ʻquadrateʼ is inherently subjective (as it is qualita-
tive rather than quantitative) and is inconsistent with
sized-based concepts. We test the size classifications
of Bolli and Saunders (1985) and the usefulness of the
ʻquadratenessʼ concept, through morphometric analy-
sis of specimens from the equatorial Pacific Ocean.

1.3 Oligocene biostratigraphy

The P. opima and P. nana morphotypes have historical-
ly been described as separate species (or at least sub-
species), but the intermediate-sized, ̒ transitionalʼ spec-
imens clearly highlight that P. opima and P. nana are
end-member morphotypes of a morphological conti -
nuum (or plexus). We thus refer to P. opima and P. nana
as morphospecies, although it remains equitable to

B. S. Wade et al.424

Ag
e 

(M
a;

 a
st

ro
no

m
ic

al
)

405 kyr
-1 1

PLANKTONIC FORAMINIFERA ZONE
Wade et al. (2011)

Hantkenina alabamensis (33.8)

Pseudohastigerina naguewichiensis (32.0)

Turborotalia ampliapertura (30.3)

‘Globigerina’ angulisuturalis (29.2)

Chiloguembelina  cubensis (28.0)

Paragloborotalia opima (26.9)

Paragloborotalia kugleri (22.96)

Globoquadrina dehiscens (22.44)

Paragloborotalia kugleri (21.12)

O7

Paragloborotalia pseudokugleri (25.2)

51
Mi-C6An

54
Mi-C6AAr

57
Mi-C6Cn

60
Ol-C6Cr

63
Ol-C7Ar

66
Ol-C8r

69
Ol-C9r

72
Ol-C10r

75
Ol-C11n

78
Ol-C12r

81
Ol-C12r

84
Ol-C13n

PO
LA

RI
TY

1 n
r
2n

C6AAn 1
2

2n
1

C6Br
1

1

C7An

C7Ar 1

2n

n1

P.
 n

an
a

P.
 o

pi
m

aASTRONOMICAL
CYCLE 

6

on
om

ic
al

)

yr405 k
1-1

C6Ai-M
51

C6AAi-M
54

60

C6Ci-M
57

C6AAn

2n
r
n1

PO
LA

RI
TY

1
C6Br

1
2n

2
1

CLE YC
ONOMICASTR

ONIC FORTPLANK
W

agloborarP

Globoquadr

agloborarP

nC6A

rC6AA

nC6C

ALONOMIC
ONEA ZMINIFERAONIC FOR

. (2011)ade et alW

i (21.12)uglerotalia kaglobor

ens (22.44)ina dehiscGloboquadr

i (22.96)uglerotalia kaglobor

. n
an

a
PP. . o

pi
m

a
PP.

6

on
om

ic
al

)
a;

 a
st

r
ge

 (M
A

C6COl-
60

C10rOl-
72

C9rOl-
69

C8rOl-
66

C7AOl-
63C7Ar

C7An

1

1 n

2n

1

Globiger‘

Chiloguembelina 

agloborarP

O7

agloborarP

rC6C

C10r

C9r

C8r

rC7A

alis (29.2) angulisutur’’inaGlobiger

 cubensis (28.0)Chiloguembelina 

opima (26.9)otalia aglobor

i (25.2)uglerotalia pseudokaglobor

7

A

C12rOl-
78

C11nOl-
75

C13nOl-
84

C12rOl-
81

tkeHan

seudohastigerP

otalia ampliaperborurT

Globiger

C12r

C11n

C13n

C12r

nina alabamensis (33.8)

ina naguewichiensis (32.0)seudohastiger

a (30.3)turotalia ampliaper

 angulisutur

Fig. 1. Planktonic foraminifera zonation of the Oligocene (Wade et al. 2011) against the astronomical time scale of Pälike
et al. (2006) with 405 kyr cycles as per Wade and Pälike (2004). The grey shaded area indicates the study interval at Site
U1334.



 consider P. opima and P. nana as separate species due to
the incongruence of their extinction events (Fig. 1). To
utilise the restricted biostratigraphic range of the larger
P. opima, a resolution of the taxonomy and consistent
separation of the opima-nana plexus is required. The
lowest occurrence of P. opima has been used as a zonal
boundary marker in the early Oligocene (Bolli 1957,
1966, Blow and Banner 1962, Bolli and Saunders
1985), though is now used as a secondary bioevent
within Zone O2 (Wade et al. 2011). The larger (P. opi-
ma) forms suffer a global extinction event which de-
marcates the base of late Oligocene planktonic
foraminiferal Zone O6 [P22] (e. g., Wade et al. 2007,
2011). Both forms are common in Zone O5, but only
smaller (P. nana) forms continue into Zone O6.

The contrasting taxonomic concepts produce mark -
edly inconsistent stratigraphic levels of extinction. Us-
ing a ʻquadrateʼ taxonomic concept (e. g., Spezzaferri
1994) would mean that all sites (globally) would 
show a large size reduction, as opposed to an extinc-
tion of P. opima. Of the smaller forms that persist into
Zone O6, not all specimens will qualify as ʻquadrateʼ,
which therefore results in specimens that could be
classified as P. opima (i. e. less quadrate forms) per-
sisting past their currently accepted extinction level
and contrasting (younger) stratigraphic levels for the
P. opima extinction. These taxonomic concepts raise
further questions as to what qualifies as a ʻtypicalʼ
P. opima or P. nana morphotype.

We aimed to differentiate the opima-nana plexus
using a reproducible quantitative morphometric ap-
proach and thus facilitate the identification of this
 important biostratigraphic boundary. Morphological
features are normally defined qualitatively, but size is
a parameter that can be readily determined quantita-
tively with the light microscope. In addition to size 
we performed outline shape analyses on a subsection
of our dataset. We utilised the abundant assemblages
of Paragloborotalia from IODP Expedition 320/321
Site U1334, and conducted morphometric and scan-
ning electron microscope analyses to assess the cur-
rently used morphospecies concepts and to determine
the mode and tempo of morphological change. We ad-
dressed the following objectives:
1) Document the size range of Oligocene species of

Paragloborotalia opima-nana plexus.
2) Determine if the opima-nana plexus had a bimodal

or unimodal size distribution.
3) Establish the timing and rapidity of size changes

and relationship (if any) to palaeoenvironmental
change.

2. Materials and methods

2.1 Location

Integrated Ocean Drilling Program Expedition 320/
321 “Pacific Equatorial Age Transect” (Sites U1331–
U1338) recovered Cenozoic sediments of the palaeo -
equatorial Pacific Ocean (Expedition 320/321 Scien-
tists 2010). Site U1334 (Fig. 2, 7° 59 N, 131° 58 W;
4799 meters below sea level) recovered a chalk and
nannofossil ooze succession from the middle Miocene
to the uppermost middle Eocene, with abundant cal-
careous microfossils and CaCO3 values near 90 wt% 
in the Oligocene. Sedimentation rates are ~ 15 m/myr,
but vary between 14 and 24 m/myr (Expedition 320/
321 Scientists 2010). Site U1334 is above the carbon-
ate compensation depth for the entire study interval
(Pälike et al. 2012).

Planktonic foraminiferal analysis was conducted
from Hole U1334A from cores 15H-4 to 22H-5, equi -
valent to 136.64 to 204.64 meters below sea floor
(mbsf) and 155.59 to 247.10 core composite depth
 below sea floor (CCSF-A) (m) (Expedition 320/321
Scientists 2010, Westerhold et al. 2012). This interval
corresponds to planktonic foraminiferal Zones O6 to
O2 (King and Wade, submitted), and Chron C8r
through C11r, equivalent to 26.3 to 30.8 Ma. All data
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Fig. 2. Location of Site U1334 and the nearby sites from
the IODP Expedition 320/321 and Site 1218 from ODP Leg
199, equatorial Pacific Ocean (modified after Wade et al.
2007).



are calibrated to the Pälike et al. (2006) timescale us-
ing the magneto- and astro-chronology at Site U1334
(Westerhold et al. 2012). Samples were taken every
section (1.5 m) providing a temporal resolution of
~ 95 kyr. Samples were washed over a 63 μm sieve,
and the � 125 μm size fraction was examined and all
P. opima-nana specimens were picked for morphome-
tric analysis.

2.2 Morphometrics

We used morphometric analyses to quantitatively
 differentiate the opima-nana plexus. Morphometric
analyses were conducted on 1215 specimens of Para-
globorotalia from Site U1334 (Appendix 1). Speci-
mens were orientated under the light microscope in
umbilical view and the maximum diameter (marked α
on Plate 2) was measured using an eyepiece graticule.
Selected specimens were re-measured using the scan-
ning electron microscope (SEM) to confirm light mi-
croscope results. As we were primarily interested in
maximum size, we did not measure the � 355 μm size
fraction for all samples, but rather concentrated on the
largest forms.

We tracked the distribution and size of Para-
globorotalia in six discrete samples from Site U1334
to study if they have a unimodal or bimodal distribu-
tion in sample size. The sample was dry sieved into
four size fractions: 63–125 μm, 125–250 μm, 250–
355 μm, and � 355 μm. All Paragloborotalia opima-
nana specimens were counted and measured (Appen-
dix 1).

Morphometric studies, beyond maximum size, are
required to resolve the morphological definitions of
the P. opima and P. nana morphotypes. Morphological
parameters of more than 300 specimens from Site
U1334 were obtained using image analysis software
(Image-Pro Premier; Appendix 2). Parameters meas-
ured included:
1. Maximum and minimum diameter (μm)
2. Area (μm2)
3. Aspect ratio (maximum diameter/minimum diame-

ter)
4. Circularity (value between 0 and 1, where 0 shows

least circularity, 1 is a perfect circle)
5. Radius ratio (maximum radius/minimum radius)

The diameter and area measurements are related to 
the size-based classification, whereas aspect ratio, ra-
dius ratio and circularity are measurements associated
to test outline morphology (to assess the ʻquadrate
conceptʼ). The first three measurements are self-ex-

planatory; however the procedural definitions of circu-
larity and radius ratio are detailed as follows. Circular-
ity is a numerical representation for the curvature of
the  outline of the whole test (Fig. 3). It is determined 
from the outline of the specimen which is defined us-
ing a contrast threshold tool on the image analysis soft-
ware. The software calculates the mean centroid point
of the test based on the outline coordinates (tie points)
around the perimeter of the test. Circularity is calculat-
ed as the ratio of the area of an object against the circle
with a diameter equal to the object’s maximum dia -
meter. The maximum diameter (or maximum feret),
initially expressed in pixels, represents the longest di-
mension of the foraminifera. It is calculated by isolat-
ing the corner pixels of the test perimeter and taking
the maximum distance between each corner pixel to all
other corner pixels. Once the longest dimension (in
pixels) has been deduced, this value is converted to
microns using the correct calibration depending on the
original magnification used to image the foraminifera.

Radius ratio is a numerical value which compares
the maximum and minimum test radii (see Fig. 3). Af-
ter the test outline is identified using the software, a
centre point of the test is ascertained. From this centre
point, the maximum and minimum lengths to the edge
of the test are measured. Very quadrate forms register
low radius ratios as the maximum and minimum ratios
are almost identical (Fig. 3, specimen ʻBʼ). Converse-
ly, in specimens that possess a larger final chamber, 
the maximum radius is increased, which increases the
radius ratio (Fig. 3, specimen ʻAʼ). We morphometri-
cally examine the opima-nana plexus to establish and
test quantitative criteria to differentiate the morpho -
species.

3. Results

Planktonic foraminifera are abundant and diverse
throughout the interval studied. Preservation is mod -
erate with recrystallisation of foraminiferal tests, 
some infilling and coccoliths adhered to the surface of
the specimens (Plates 2–6). The preservation at Site
U1334 is enhanced compared to Site 1218 (Wade and
Pälike 2004), but inferior to nearby Site U1338 (Fox
and Wade 2013, Hayashi et al. 2013, Beltran et al.
2014). Despite recrystallisation of some specimens,
there is no observable effect on test morphology or test
size. In Plates 2–5 we illustrate specimens of the opi-
ma-nana plexus arranged by size from 0.20 mm to
0.54 mm. Specimens show a range of variability in
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terms of number of chambers in the final whorl (4, 4½,
5), and some possess a kummerform final chamber. All
specimens have a low trochospire and the majority are
dextrally coiled. In Plate 6 we illustrate other species
from Site U1334.

We investigated the maximum size of the opima-
nana plexus (Fig. 4). As the astronomical age model

for the Oligocene at Site U1334 is still in development,
we have plotted all our figures against depth. The max-
imum size is relatively stable from the base of the stud-
ied section to 204 m with a maximum size of speci-
mens ranging between 0.40 and 0.44 mm. From 192 to
168 m the maximum size of specimens is highly vari-
able between 0.48 and 0.56 mm, increasing to a maxi-
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Fig. 3. Representation of parameters used in circularity calculation and radius ratio. The circularity value is between 0 and
1 (where 1 represents a perfect circle). It is calculated using the following equation: Circularity = (4 � Area)/(π � MaxDia -
meter2). For the radius ratio, both of these paragloborotaliid specimens have approximately equal test diameters, A = 466
and B  = 458 μm. However, the relationship between the maximum and minimum radii (radius ratio) is different.
Specimen ʻAʼ shows a high rate of chamber expansion and therefore the maximum radius is considerably larger than the
minimum radius. Specimen ʻBʼ shows a low chamber expansion rate with a diminutive terminal chamber, resulting in a low
radius ratio.



mum of 0.68 mm at 174 m, equivalent to 27.24 Ma.
Following this peak, the maximum size decreases to
0.38 mm at 165 m and finally to � 0.32 mm at 164 m.

Paragloborotalia specimens are consistently pres-
ent in the 125–250 μm size fraction throughout the
study. In all samples (except 17H) Paragloborotalia
have a unimodal size distribution (Fig. 5). From 20H
to 17H the maximum size of Paragloborotalia in-
creases from ~ 0.40 mm in 20H-5, to 0.50 mm in
18H-7 and 18H-2, with maximum sizes of 0.60 mm 
in 17H-2. The maximum size is reduced to � 0.40 mm
in samples 16H-2 and 15H-4. Sample 17H-2 is anom-
alous with a bimodal distribution in specimen size,

centred at 0.25–0.35 mm and 0.45–0.55 mm, with the
latter having a very high abundance (nearly 100 spec-
imens). The abundance of the largest forms increases
further in sample 17H-1, with 185 specimens in the
0.45–0.50 mm size fraction (Appendix 1).

4. Discussion

Our morphometric data, coupled with our SEM analy-
ses indicates a wide range of variability in the opima-
nana population with transitional specimens (Plates
2–5, Figs. 4–6). The opima-nana plexus thus forms a
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continuous morphocline, with complete morphologi-
cal intergradation, and no clear boundaries in shape
outline or chamber number can be used to differentiate
the morphospecies. Such gradual morphological tran-
sitions exist throughout the fossil record of planktonic
foraminifera, meaning species delimitation is often ar-
bitrary and artificial, but necessary to facilitate greater
biostratigraphic resolution. This is particularly the
case for the opima-nana plexus, as the evolution and
extinction of P. opima is widely used in subdivision of
the Oligocene. Specimen size is a useful criterion to
separate the opima-nana plexus as only the smaller
specimens (� 0.32 mm) continue beyond mid Chron

C9n and younger. Size is therefore the most important
morphological parameter for taxonomic recognition of
P. opima and biostratigraphic identification of the O5/
O6 zonal boundary.

We place the base of Zone O6 (formerly P22) as
 defined by the cessation of specimens greater than
0.32 mm (P. opima) between sample 16H-3, 43–45 cm
and 16H-2, 43–45 cm. This is equivalent to a mean
depth of 164.56 m CCSF-A. The sampling resolution
in this study (1.5 meters) is considerably lower than in
Wade et al. (2007) (10 cm), and therefore we have not
attempted to provide a new astronomically tuned cali-
bration for Site U1334.
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Fig. 5. Size and abundance distribution of
Paragloborotalia opima-nana plexus at Site
U1334. All Paragloborotalia opima-nana
� 125 μm were measured and counted.
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Plate 2. Paragloborotalia nana from Hole U1334A. α = measurement of maximum size of the specimen. 1 = 16H-2, 43–
45 cm, 0.20 mm, 1a, umbilical view, 1b, edge view; 2 = 18H-7, 43–45 cm, 0.23 mm, 2a, close up of lip in edge view, 2b,
umbilical view, 2c, edge view, 2d, spiral view, 2e, close up of lip in umbilical view; 3 = 18H-2, 43–45 cm, 0.27 mm, 3a, um-
bilical view, 3b, edge view, 3c, spiral view, 3d, close up of wall; 4 = 19H-6, 43–45 cm, 0.28 mm, 4a, umbilical view, 3b,
edge view, 4c, close up of wall, 3d, close up of crust. Scale bar = 100 μm, reduced to 10 μm on specimen details.
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Plate 3. Paragloborotalia opima from Hole U1334A. 1 = 18H-7, 43–45 cm, 0.35 mm, 1a, umbilical view, 1b, edge view,
1c, spiral view, 1d, close up of wall; 2 = 17H-1, 43–45 cm, 0.35 mm, 2a, umbilical view, 2b, edge view, 2c, spiral view, 2d,
close up of wall; 3 = 25X-2, 43–45 cm, 0.36 mm, 3a, umbilical view, 3b, spiral view; 4 = 20H-5, 43–45 cm, 0.37 mm, 4a,
umbilical view, 4b, edge view, 4c, spiral view, 4d, close up of wall. Scale bar = 100 μm, reduced to 10 μm on specimen
 details.
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Plate 4. Paragloborotalia opima from Hole U1334A. 1 = 18H-2, 43–45 cm, 0.38 mm, 1a, umbilical view, 1b, edge view,
1c, spiral view, 1d, close up of crust; 2 = 16H-5, 43–45 cm, 0.40 mm, 2a, umbilical view, 2b, edge view, 2c, spiral view, 2d,
close up of wall; 3 = 17H-1, 43–45 cm, 0.46 mm, 3a, umbilical view, 3b, edge view, 3c, spiral view, 3d, close up of crust;
4 = 17H-1, 43–45 cm, 0.48 mm, 4a, umbilical view, 4b, edge view, 4c, spiral view; 5 = 20H-5, 43–45 cm, 0.48 mm, spiral
view. Scale bar = 100 μm, reduced to 10 μm on specimen details.
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Plate 5. Paragloborotalia opima from Hole U1334A. 1 = 17H-1, 43–45 cm, 0.49 mm, 1a, umbilical view, 1b, edge view,
1c, spiral view, 1d, close up of crust; 2 = 18H-3, 43–45 cm, 0.50 mm, 2a, umbilical view, 2b, edge view, 2c, spiral view;
3 = 16H-5, 43–45 cm, 0.50 mm, spiral view; 4 = 17H-6, 43–45 cm, 0.51 mm, 4a, umbilical view, 4b, edge view, 4c, spiral
view, 4d, close up of wall; 5 = 17H-1, 43–45 cm, 0.54 mm, 5a, umbilical view, 5b, edge view, 5c, spiral view, 5d, close up
of lip. Scale bar = 100 μm, reduced to 10 μm on specimen details.



4.1 Number of chambers

The number of chambers in the final whorl (4 versus
5) is not a useful characteristic in separating P. nana
from P. opima (Plates 2–5). Bolli and Saunders (1985)
found that most of their specimens in the 0.32–
0.38 mm size class are 5 chambered, which appears 
to be the main reason why they could not confidently
assign the size class to the P. opima-nana plexus (and
alternatively suggested an ancestral relationship to
P. mayeri) (Table 1). We examined whether the larger
specimens of Paragloborotalia ʻtypicallyʼ had more
than 4 chambers and whether the number of chambers
could be used in the taxonomic distinction. We find
that chamber number is not a useful characteristic as
specimens ranged from 4 to 4½ to 5 chambers regard-
less of size (Plates 2–5, Appendix 1). Our data strong-
ly suggest that these intermediate (0.32–0.38 mm)
specimens are certainly part of the P. opima-nana
plexus, and consistent with P. opima.

4.2 Morphometrics (quadrateness)

In the specimens that we measured, there appears to be
no clear relationship or groupings when considering
circularity (Appendix 2). Kummerform final chambers
are common (Plates 2–5), and kummerform specimens
show a tendency toward lower radius ratios (regardless
of size) because they are generally more quadrate
(Fig. 6). However, there is no clear distinction or
 groupings which can be based on outline morphology.
ʻQuadratenessʼ of specimens indicates a great deal of
scatter and does not provide an obvious criterion for
differentiating the group (Fig. 6). In other words, it is
difficult see a clear threshold which may separate
P. nana and P. opima based on the ʻquadrate conceptʼ.
It seems to be a general observation that the smaller
P. nana specimens are often more quadrate than larger
P. opima forms, but the circularity values (and radius
ratio and aspect ratio) did not show any clear way of de-
limiting the two based on the ʻquadratenessʼ (Fig. 6).
Morphometric analysis of shape outline could not be
used to differentiate the opima-nana plexus.
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Fig. 6. Maximum test diameter plotted against radius ratio values at Site U1334 P. opima-nana specimens. We find no re-
lationship in ʻquadratenessʼ estimated through radius ratio and test size, i. e., the small specimens are not more quadrate.
Scale bar = 50 μm.
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Plate 6. Oligocene planktonic foraminifera from Hole U1334A. 1 =  ? Globorotaloides eovariabilis 17H-2, 43–45 cm,
0.20 mm, 1a, umbilical view, 1b, edge view, 1c, spiral view; 2 = Paragloborotalia siakensis 16H-5, 43–45 cm, 0.35 mm, 2a,
umbilical view, 2b, edge view; 3 = ? Paragloborotalia semivera 17H-1, 43–45 cm, 0.48 mm, 3a, umbilical view, 3b, edge
view, 3c, spiral view; 4  =  Tenuitella munda 18H-2, 43–45 cm, umbilical view; 5  =  Paragloborotalia semivera 17H-2, 
43–45 cm, 0.46 mm, 5a, umbilical view, 5b, edge view, 5c, spiral view; 6 = Dentoglobigerina sellii 19H-6, 43–45 cm, 6a,
umbilical view, 6b, spiral view; 7 = Dentoglobigerina venezuelana 16H-2, 43–45 cm, 7a, umbilical view, 7b, edge view, 7c,
spiral view. Scale bar = 100 μm, reduced to 10 μm on specimen details.



4.3 Morphometrics (size)

In our data from Site U1334 there is a large range in
test diameters (Figs. 4 and 5, Appendix 1). Our study
indicates that there is no distinguishable difference be-
tween P. nana and P. opima based on their morpholog-
ical characteristics of chamber number and quadrate-
ness. We have shown that ʻquadratenessʼ is not a char-
acteristic restricted to the smaller specimens, and that
kummerform chambers are a common feature regard-
less of specimen size. Morphologically specimens,
 regardless of size, are very similar (Plates 2–5) and
 intermediate (ʻtransitionalʼ) size forms impede their
morphological delimitation. In Plate 7 we illustrate
two specimens, which appear almost identical apart
from their size, with specimen 7.2 being more than
twice the size of specimen 7.1.

The variation in maximum size in the Paragloboro-
talia opima-nana plexus is distinct (Fig. 4) with only
the smaller forms continuing beyond mid Chron C9n
and younger. The larger specimens have a restricted
range, and do not occur higher than mid Chron C9n

(Sample U1334A, 16H-3, 43–45 cm [165.26 CCSF-
A]). We conclude that in order to utilise the extinction
of P. opima as a biostratigraphic event, that size criteria
are necessary. Of course in an evolving clade, it is
 always difficult and highly subjective to decide where
one species ends and another begins when there is no
obvious place to split the two. Our proposal is to pri-
marily follow the criteria of Bolli and Saunders (1985)
but with all specimens greater than 0.32 mm consid-
ered P. opima. Subdivision of the opima-nana plexus
using other criteria is difficult to apply and does not
 allow its biostratigraphic utility. The advantage of the
size criterion is that it is objective and can be used re-
liably and concisely. The restriction at � 0.32 mm is
consistent with the original concept by Bolli (1957)
and  the size criteria of Bolli and Saunders (1985). This
 criterion also eliminates the intermediate ʻtransitionalʼ
forms (Table 1). Critically, our SEM and morphomet-
ric studies indicate that the 0.32–0.38 mm intermedi-
ate forms are consistent with the morphospecies con-
cept of P. opima (and are not related to P. mayeri as
suggested by Bolli and Saunders 1985), and do not ex-
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Plate 7. Specimens considered typical of Paragloborotalia nana (1a–c; 0.23 mm) and Paragloborotalia opima (2a–c;
0.49 mm) to scale. The specimens are almost identical in terms of their morphology, but specimen 7.2 is more than twice
the size of specimen 7.1. Scale bar = 100 μm.



tend into the uppermost Oligocene. Different size cri-
teria may be necessary in other localities (e. g., At-
lantic Ocean), and oligotrophic settings where para-
globorotaliids are less abundant. Size is not usually an
attribute used to delimit morphospecies of planktonic
fora minifera, though this practice is readily used in
calcareous nannofossil taxonomy. Young (1990) con-
ducted morphometric analysis on the nannofossil
genus Reticulofenestra and faced similar issues with
dividing species on size and evolutionary concepts.

4.4 Progressive giantism of Paraglobo-
rotalia opima: a micro- and
macroevolutionary perspective

During growth, planktonic foraminifera increase their
test size sequentially through the addition of cham-
bers, all of which are retained and preserved in each
 individual fossil test. Therefore, all stages of growth
(ontogenetic stages) are preserved and can be exam-
ined in a single specimen. We can thus determine 
the microevolutionary change in ontogeny between
ancestral and descendant populations within a lineage. 
For example, heterochrony, which can be defined as
change in rate and/or timing of development (e. g.,
 McNamara 1986, McKinney and McNamara 1991), is
often accompanied by size changes and has been di-
rectly implemented in a number of instances of evolu-
tionary change in planktonic foraminifera (Macleod et
al. 1990, Wei 1994a, Kelly et al. 1996, 2001, Desmares
et al. 2003, 2008). Descendant populations may pass
through fewer or more ontogenetic stages than their
ancestral form, resulting in the heterochronic states 
of paedomorphosis and peramorphosis respectively
(e. g., McNamara 1986).

Although the sutures between chambers of the ear-
liest whorl(s) are often indistinct (Plates 2 to 5), our
light microscope and SEM studies of specimens of 
the P. opima-nana plexus reveals that P. opima typical-
ly possesses the same number of total chambers as
P. nana. Comparison of Plate 2 (P. nana) with Plates
3–5 (P. opima) demonstrates the overall similarity in
total chamber number, although the secondary ʻcrustʼ
calcification impedes precise chamber delimitation
 towards the proloculus. Both morphotypes vary their
total chamber number between approximately eight
and thirteen, but this variation is consistent between
both morphotypes regardless of size. Paragloborotalia
opima therefore passes through the same number of
ontogenetic stages as the ancestral P. nana, yet devel-
ops to dramatically larger sizes. Thus, we consider 

this to be an intriguing case of giantism rather than 
an example of heterochrony (see McNamara 1986 for
an explanation of the differences). We invoke autapo-
morphic giantism as per Gould and MacFadden
(2004), with body size increase on a single branch
(P. opima) without impacting co-occurring ancestral
taxa (P. nana). The giantism is not necessarily con -
gruent with a ʻtrueʼ speciation event (cladogenetic
branching), particularly as there is morphological in-
tergradation between the two end-member morpho-
types of P. opima. However, the giantism event pro-
duced the stratigraphically useful P. opima morpho-
type and therefore it is expedient to preserve both
P. nana and P. opima as separate (morpho)species.

Each radiation in planktonic foraminifera displays
macroevolutionary trends in test size that follow
Cope’s Rule (e. g., Gould 1988, Arnold et al. 1995).
Maximum test sizes clearly increase throughout these
radiations, though various explanations and causal
mechanisms have been proposed for the observed
trends (see Gould 1988, Arnold et al. 1995, Schmidt et
al. 2004a, 2004b, 2006). Given the macroevolutionary
disposition of planktonic foraminifera to generally in-
crease in size over time, and the preferential extinction
of larger taxa (or at least survival of smaller taxa; Nor-
ris 1991), it is no surprise that the microevolutionary
trends of the P. opima-nana plexus somewhat reflect
this encompassing macroevolutionary pattern. Para-
globorotalia nana gave rise to the larger P. opima, with
both end-members (and transitional forms) co-existing
until the extinction of P. opima. Paragloborotalia
nana then persists after the P. opima extinction into 
the early Miocene (Fig. 1). We find an increase in the
variance of size in the opima-nana plexus in the mid
to late Oligocene as the maximum size increases but
the smaller forms are still present (Figs. 4 and 5). Our
data conform to Cope’s Rule sensu lato (Stanley 1973,
Bell 2014), in that the maximum size increases but the
smaller individuals still remain. It is common for an-
cestral morphospecies (e. g., P. nana) to co-exist with
their descendants (e. g., P. opima); palaeontological
phylogenies often exhibit a “budding” configuration
(see Pearson 1998 and references therein; also Aze et
al. 2011). However, if size is the primary (and perhaps
only) character for delimiting the morphospecies, then
does the rise of P. opima represent a ̒ trueʼ evolutionary
event (i. e. speciation), or simply phenotypic variation
in P. nana (i. e. intraspecific variation)?

The abrupt extinction bioevent of the larger forms
could perhaps be cited as de facto evidence for previous
speciation (rather than intraspecific size variation), even
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though precise determination of the initial speciation
bioevent may be unclear. Given the wealth of evidence
for multiple cryptic species in most single, modern mor-
phospecies (e. g., Darling and Wade 2008), it is likely
that many morphological transitions in the fossil record
that appear gradual (anagenetic) in nature may mask
speciation events and thus taxonomic diversity.

Our results indicate that the size changes in the Para-
globorotalia opima-nana plexus through the Oligocene
are complex. The population appears to have relative
stasis from the base of the studied section to 200 m
(CCSF-A) (Fig. 4). This is followed by more erratic
changes in size, with peak sizes between 175 and 168 m
(~ 27.31 to 26.97 Ma). Through the studied interval the
mode of distribution in the larger size fractions increas-
es (Fig. 5). Most populations indicate a unimodal and
symmetric distribution of size, except Sample 17H-2,
43–45 cm (175.47 CCSF-A, 27.31 Ma), which has a
bimodal distribution, with maximum abundance peaks
at 250–350 μm and 450–550 μm (Fig. 5). This indi-
cates that not only do Paragloborotalia increase in size,
but the change in size is accompanied by an enhanced
abundance of the largest forms. The increase in both
abundance and size in Sample 17H-2 may represent
lineage branching and true speciation of P. opima. Un-
fortunately, we do not have sample weights and there-
fore we are unable to normalise the abundance to spec-
imens/gram. However, our observations are verified 
by quantitative abundance variations at Site U1334 by
Matsui et al. (2015), which show an enhanced abun-
dance of P. opima in core 17H.

4.5 Size trend mechanisms 
and palaeoecology

As the smaller (P. nana) forms persist after the marked
extinction of the larger (P. opima) forms, the micro -
evolutionary trend to construct larger tests in this line-
age is particularly short-lived and requires an explana-
tion. Why did P. opima increase in size during this
 relatively short time interval and then disappear? An
organism’s growth and metabolic rate is directly im-
pacted by its body size, as such the distribution of body
size is an important factor of ecosystem structure (see
Wade and Twitchett 2009 for discussion). The ontoge-
netic growth in individual planktonic foraminifera is a
complex interplay of numerous extrinsic and intrinsic
factors that can affect final test size. Ecological factors
have been proposed as the main driver of giantism 
in several studies (e. g., Simpson 1944, Alroy 1998,
Kingsolver and Pfennig 2004, Clauset and Erwin

2008) and it is generally accepted that optimum condi-
tions contribute to larger test sizes in individuals and
assemblages (e. g., Hecht and Savin 1972, Hecht 1976,
Schmidt et al. 2004c). This may seem obviously intu-
itive, but optimum conditions may also lead to quicker
reproduction and hence smaller size.

A potentially informative example of microevolu-
tionary size increase is that of the Pliocene Globoconel-
la puncticulata-G. inflata lineage, whereby the rise of
G. inflata has been described as an ̒ isometric giantismʼ
(Wei 1994a, 1994b). The only difference between the
two morphospecies (at least initially) is size, and in-
creased test inflation is a consequent feature of the lin-
eage (Wei 1994a, 1994b). This trend appears to be re-
lated to enhanced surface water stratification, which
created new ecospace and thus a new setting for speci-
ation, which in turn was filled by the larger and more
inflated G. inflata, occupying greater depths in the wa-
ter column (Wei 1994a, 1994b). The development of
new ecospace may in turn remove a morphospace con-
straint, thus eliminating a barrier to speciation. A strong
correlation between increasing surface water stratifica-
tion and larger test sizes is also noted by Schmidt et al.
(2004b) in Cenozoic assemblage data. However, unlike
the evolution of G. inflata, larger P. opima forms only
exist for a short duration before extinction (across all
ocean basins), whereby the smaller P. nana forms con-
tinue their comparatively long stratigraphic range.

Previous authors have suggested that the distribu-
tion of P. opima and P. nana is related to ecological
controls (e. g., Blow 1969, Stainforth et al. 1975).
Niche separation may result in abundance peaks at a
particular size (Lampert and Tlusty 2013). Our study
indicates that the maximum size corresponds to maxi-
mum abundance of P. opima (Fig. 5). We find an abun-
dance of extraordinarily large P. opima in the equato-
rial Pacific Ocean. We suggest that this is an ecologi-
cally driven trend related to high productivity in equa-
torial and coastal upwelling settings. The correlation
between Paragloborotalia abundance and increases in
δ13C (Wade et al. 2007), indicates that enhanced nutri-
ent availability was probably instrumental in facilitat-
ing giantism. The extinction of P. opima is coincident
with a prominent sediment colour change from green
to yellow/brown, at ~ 167 m CCSF-A (Expedition 320/
321 Scientists 2010). Colour reflectance parameters 
a* and b* show an abrupt change through the interval
corresponding to the P. opima extinction (Fig. 7). The
a* data, which measures the green to red spectrum
 increases from ~ 167 m (CCSF-A), while the b* data
(blue–yellow spectrum) shifts abruptly to more posi-
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tive values at 166.5 m (CCSF-A) (Fig. 7). Throughout
the interval dominated by the large P. opima, the mag-
netic susceptibility of the sediments is close to zero.
The greenish grey colour is due to higher organic car-
bon accumulation rates leading to intensified micro-
bial Fe reduction of the sediments as the site migrates
through the equatorial high productivity belt (Expedi-
tion 320/321 Scientists 2010). The return to yellow/
brown sediments corresponds to the movement of Site
U1334 out of the upwelling zone and the extinction of
P. opima.

It is probable that the colour change is unrelated to
the extinction events, after all the colour change is a

 local event. There is no equivalent colour change at
nearby ODP Site 1218 associated with the extinction,
and the extinction of P. opima is a global event that ap-
pears to be isochronous between the Indian, Pacific
and Atlantic Oceans (Wade et al. 2007). However, the
associated termination of the large forms (P. opima)
and the colour change evokes a relationship between
the two. Stainforth et al. (1975) suggested that the
large P. opima were present when ecological condi-
tions were favourable. Our data from the equatorial
Pacific Ocean suggests that productivity has a major
influence of P. opima size and abundance. The larger
P. opima may more efficiently consume certain re-
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Fig. 7. Reflectance a* and b* at
Site U1334. The termination of the
large Paragloborotalia opima spec-
imens occurs within ~ 100 kyr of a
colour change in the core. Grey ar-
row indicates sampling error for the
extinction of P. opima.



sources more than P. nana. Paragloborotalia opima
are extremely abundant and large in the equatorial
 Pacific Ocean, and we postulate that this area could
have been the locus of the population.

Larger organisms are typically more specialized and
need greater resources. Rapid environmental alter-
ations therefore can put larger species at an enhanced
risk of extinction (Bell 2014). As planktonic fora mini -
fera are organisms that undergo semelparous, obligate
sexual mass reproduction, any major changes in pro-
ductivity in this area may have impacted the fitness
(and thus abundance) of the population and conse-
quently may have hindered reproductive success and
the profusion of the population globally. Our speci-
mens attain maximum sizes of 0.68 mm, which are
larger than specimens measured from Trinidad by Bol-
li and Saunders (1985). Variations in productivity may
also account for differing abundances and maximum
sizes of P. opima in low and mid latitudes and may ex-
plain why the palaeobiogeography of P. opima is more
restricted/limited compared with P. nana. Further in-
vestigations of Paragloborotalia opima-nana are re-
quired to constrain the distribution and maximum size
from elsewhere, particularly from oligotrophic envi-
ronments.

4.6 Taxonomic remarks

Our morphometric investigation allows us to reassess
the taxonomy of P. nana and P. opima. The coiling 
direction in both P. opima and P. nana at Site U1334 
is mainly but not exclusively dextral (Plates 1–5),
throughout the mid Oligocene, whereas illustrated
specimens from elsewhere are predominantly sinistral
(e. g., Postuma 1971, Spezzaferri and Premoli Silva
1991, Leckie et al. 1993, Chaisson and Leckie 1993).
A crystalline outer crust is often present, particularly
on the early chambers (Plate 2.4d, 4.1d, 4.3d, 5.1d)
consisting of intergrown rhombohedrons, similar to
those of Neogloboquadrina pachyderma as illustrated
by Olsson (1976). This feature has been observed in
well preserved Paragloborotalia from Trinidad (Pear-
son and Wade 2009).

We suggest the following revisions to the taxonomy
of P. nana and P. opima. Based on our analyses at Site
U1334, 0.32 mm is the most appropriate size restric-
tion that could be applied as a criterion to separate 
the opima-nana plexus. This is consistent with the
morphometric studies of Bolli and Saunders (1985)
from Trinidad.

Paragloborotalia nana (Bolli, 1957)
Plate 2

Globorotalia opima nana Bolli 1957: 118, pl. 28:
fig. 3a–c [Oligocene Globorotalia opima opima Zone,
Cipero Fm., Trinidad].

Remarks: Commonly 4 to 4½ sub-circular chambers
arranged in 1½ to 2 whorls in a low trochospire, with
chambers increasing slowly in size (Plate 2). Para-
globorotalia nana generally has an embracing, weakly
lobate outline. The umbilical-extraumbilical aperture
is a low arch, bordered by a thick, well-defined, wide
lip (Plate 2e). In umbilical view, the radial, straight
 sutures can form a distinctive cross pattern. In spiral
view the sutures are weakly to moderately incised.

Some specimens considered by us as P. nana due to
their size (e. g., Plate 2.3) have 4½ chambers and more
lobate periphery. Considering these forms as P. opima
could result in extension of the P. opima zone. As per
Bolli and Saunders (1985) we suggest a size restriction
of � 0.32 mm.

Paragloborotalia opima (Bolli, 1957)
Plates 3–5

Globorotalia opima opima Bolli 1957: 117, pl. 28:
fig. 1a–c [Oligocene Globorotalia opima opima Zone,
Cipero Fm., Trinidad].

Remarks: Commonly four (sometimes 4½ or 5) sub-
circular chambers arranged in 1½ to 2 whorls in a low
trochospire, chambers increasing slowly and then
more rapidly in size. Periphery rounded and weakly
 lobate. The larger P. opima forms tend to have greater
chamber inflation and a more lobate periphery. Um-
bilicus narrow, deep with an umbilical-extraumbilical
low arched aperture border by a thin lip. The lip is
 thinner and less pronounced than in P. nana. Kummer-
form final chambers are present on many specimens.
The larger P. opima specimens have more incised su-
tures on the spiral side, though this is highly variable
between specimens. The larger specimens exhibit
 increasing chamber inflation in the final whorl, result-
ing in a rather bulbous final chamber and more lobate
appearance than P. nana sensu stricto (s.s.). The posi-
tion of the large final chamber against the first cham-
ber (of the final whorl) also precludes the cross-shaped
suture pattern that is a common feature of P. nana s.s.

Our specimens of P. opima (Plates 3–5) are analo-
gous to the topotypes illustrated in Stainforth et al.
(1975), figure 132.1–7. As stated by Bolli and Saun-
ders (1985) the holotype specimen chosen by Bolli
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(1957) is misleading. The paratype of opima (Bolli,
1957) illustrated in Plate 1 shares the same morpholo-
gy as the majority of the Site U1334 specimens and, in
agreement with Stainforth and Lamb (1981), is consid-
ered to be much more representative of the P. opima
concept. The specimens � 0.32 mm have a restricted
range and size is considered here as the main criterion
to distinguish this form from P. nana, consistent with
the recommendations by Bolli and Saunders (1985).

We consider the specimens illustrated as P. pseudo-
continuosa in Wade et al. (2007, plate II, l and m) and
Wade and Olsson (2009, Fig. 3b) to be consistent with
the concepts of P. opima. They are similar to the para -
type specimens of P. opima illustrated in Bolli and
Saunders (1985, fig. 26:24–26, see also Plate 1). In-
deed Bolli and Saunders (1985) fig. 26:27–29 are much
more consistent with our large P. opima in terms of
number of chambers and degree of chamber inflation.

5. Conclusions

Previous studies have qualitatively observed the dif-
ferences in the Paragloborotalia opima-nana plexus;
our study is the first to quantitatively document size
changes, accompanied with SEM images and morpho-
metric analysis of shape outline. Our data indicate that
the opima-nana plexus forms a continuous morpho-
cline, and no clear boundaries in shape outline or
chamber number can be used to differentiate the mor-
phospecies. The evolution and extinction of P. opima
is widely used in subdivision of the Oligocene and
only the smaller specimens (� 0.32 mm) continue be-
yond mid Chron C9n and younger. Size is therefore 
the most important morphological parameter for taxo-
nomic recognition of P. opima and biostratigraphic
identification of the O5/O6 zonal boundary. Both the
largest and smallest forms of the opima-nana plexus
commonly have the same total number of chambers,
indicating that P. opima is an example of giantism in
the planktonic foraminiferal record. We suggest that
the abundance and distribution of P. opima is closely
related to zones of high productivity associated with
equatorial divergence and coastal upwelling in low
and mid latitudes.
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Wade et al Appendix 2 Circularity and Radius Ratio.xlsx

Raw Data


			NORMALFORM SPECIMENS																														KUMMERFORM SPECIMENS																														Wade, Poole & Boyd


			Normalform 4 chambers 125-250 µm 15X4																														Kummerform 4 chambers 125-250 µm 15X4																														Appendix 2: Circularity and radius ratio measurements of Paragloborotalia opima-nana specimens from Site U1334


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)			Max/Min Diameter						Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)			Max/Min Diameter


			P1R1			42548.44			1.19			0.80			1.40			9.69			259.76			210.97			1.23						P1R1			30911.16			1.07			0.88			1.22			4.22			209.96			181.25			1.16


			P1R2			35034.22			1.32			0.74			1.77			14.28			244.46			170.98			1.43						Kummerform 5 chambers 125-250 µm 15X4


			P1R3			29594.97			1.12			0.84			1.41			6.75			210.45			174.85			1.20						Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R4			31975.48			1.27			0.76			1.67			11.90			228.86			169.43			1.35						P1R1			29780.51			1.06			0.87			1.25			5.29			207.16			174.82			1.18


			P1R5			38385.89			1.33			0.74			1.69			13.29			255.72			182.66			1.40						P1R2			34806.04			1.04			0.88			1.25			4.75			223.10			190.30			1.17


			P1R6			49207.56			1.13			0.83			1.36			9.35			273.85			226.47			1.21						P1R3			20751.93			1.16			0.82			1.36			5.43			178.82			142.17			1.26


			P1R7			22903.47			1.24			0.79			1.50			8.37			190.75			147.45			1.29						Kummerform 4 chambers 125-250 µm 16X2


																																	Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			Normalform 5 chambers 125-250 µm 15X4																														P1R1			33001.12			1.01			0.92			1.21			5.22			212.86			192.41			1.11


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)									P1R2			45995.64			1.03			0.87			1.47			9.01			258.03			213.68			1.21


			P1R1			57205.78			1.17			0.79			1.64			13.10			301.22			230.51			1.31						P1R3			42678.72			1.09			0.84			1.36			8.25			253.30			207.96			1.22


			P1R2			25476.64			1.20			0.77			1.46			8.85			203.58			158.17			1.29						P1R4			43372.74			1.08			0.85			1.52			9.98			253.85			197.26			1.29


			P1R3			28966.48			1.19			0.82			1.50			8.52			211.54			167.79			1.26						P1R5			32623.71			1.04			0.89			1.22			5.22			214.42			183.84			1.17


																																	Kummerform 5 chambers 125-250 µm 16X2


			Normalform 4 chambers 125-250 µm 16X2																														Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)									P1R1			41313.57			1.19			0.80			1.37			8.53			254.82			199.80			1.28


			P1R1			58454.07			1.27			0.76			1.58			15.58			311.39			236.50			1.32						P1R2			44145.71			1.05			0.86			1.28			7.33			253.39			209.02			1.21


			P1R2			46262.52			1.17			0.79			1.47			10.27			271.50			218.60			1.24						P1R3			33136.92			1.09			0.84			1.26			4.92			223.45			191.16			1.17


			P1R3			56160.40			1.18			0.82			1.37			10.06			293.42			242.05			1.21						Kummerform 4 chamber 250-355 µm 16X3


			P1R4			64858.16			1.12			0.83			1.39			10.45			314.31			259.46			1.21						Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R5			53674.88			1.19			0.75			1.50			11.83			299.93			221.20			1.36						P1R1			78846.74			1.03			0.89			1.32			9.86			335.33			289.33			1.16


			P1R6			32724.77			1.15			0.82			1.34			7.13			223.89			188.39			1.19						P1R2			70869.85			1.09			0.86			1.34			9.27			322.02			276.07			1.17


																																	Kummerform 5 chamber 250-355 µm 16X3


			Normalform 4 chamber 250-355 µm 16X3																														Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)									P1R1			75200.57			1.14			0.81			1.37			10.91			342.56			263.91			1.30


			P1R1			90750.90			1.25			0.76			1.46			16.07			386.92			299.09			1.29						Kummerform 4 chambers 250-355 µm 16X5


																																	Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			Normalform 4 chambers 250-355 µm 16X5																														P1R1			70865.25			1.07			0.89			1.24			7.44			315.98			281.01			1.12


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)									P1R2			71582.01			1.12			0.85			1.27			8.61			326.53			262.03			1.25


			P1R1			74985.49			1.12			0.88			1.30			8.93			328.44			274.33			1.20						P1R3			92813.01			1.04			0.91			1.33			9.67			355.93			314.95			1.13


			P1R3			92181.70			1.03			0.92			1.20			6.69			354.09			322.09			1.10						P1R4			89561.83			1.09			0.90			1.23			8.37			352.80			303.04			1.16


			P1R4			131176.46			1.18			0.83			1.56			19.37			444.28			350.91			1.27						P1R5			89500.93			1.02			0.92			1.21			8.52			349.82			316.52			1.11


			P1R5			104247.93			1.13			0.84			1.29			11.48			394.66			337.62			1.17						P1R6			88744.36			1.16			0.79			1.53			14.80			376.31			270.30			1.39


			P1R6			111831.20			1.18			0.83			1.39			14.94			410.47			331.66			1.24						P1R7			110500.04			1.10			0.87			1.35			11.26			399.20			325.83			1.23


			P1R7			70887.67			1.21			0.83			1.41			12.13			327.73			255.22			1.28						Kummerform 4 chambers >355 µm 16X5


			P1R8			141717.56			1.26			0.78			1.45			20.86			477.11			357.54			1.33						Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R9			132666.93			1.19			0.82			1.40			16.75			450.13			361.08			1.25						P1R1			136445.08			1.09			0.84			1.45			14.36			446.85			362.60			1.23


			P1R10			95882.83			1.17			0.84			1.34			12.78			377.61			314.15			1.20						P1R2			174257.49			1.14			0.82			1.48			17.75			517.06			408.77			1.26


			P1R11			115505.38			1.17			0.83			1.36			13.47			418.28			339.42			1.23						P1R3			157900.87			1.22			0.79			1.66			22.16			501.54			383.01			1.31


			Normalform 4 chambers >355 µm 16X5																														P1R4			150748.94			1.04			0.90			1.19			8.75			458.84			403.93			1.14


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)									Kummerform 5 chamber >355 µm 16X6


			P1R1			151372.86			1.25			0.77			1.53			23.10			498.04			382.53			1.30						Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R2			139915.14			1.24			0.81			1.69			23.43			463.62			351.92			1.32						P1R1			154742.22			1.09			0.87			1.22			9.68			474.25			398.89			1.19


			P1R3			127683.30			1.15			0.84			1.36			15.15			437.62			350.76			1.25						P1R2			143185.09			1.11			0.82			1.26			12.05			469.69			389.04			1.21


			P1R4			146262.14			1.25			0.78			1.80			23.47			484.64			349.13			1.39						P1R3			149076.09			1.06			0.91			1.24			9.42			453.54			404.79			1.12


			P1R5			133914.76			1.22			0.82			1.66			20.42			450.13			341.42			1.32						Kummerform 4 chamber >355 µm 16X6


			P1R6			138239.81			1.11			0.85			1.42			14.38			453.43			369.49			1.23						Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R7			161933.22			1.17			0.84			1.32			14.83			491.99			397.26			1.24						P1R1			165807.66			1.02			0.89			1.38			14.72			485.00			412.20			1.18


			P1R8			179845.77			1.21			0.79			1.65			24.68			534.03			416.06			1.28						P1R2			152713.12			1.10			0.83			1.40			15.31			481.21			392.31			1.23


			P1R9			156248.65			1.07			0.89			1.42			15.12			467.49			403.38			1.16						P1R3			165715.23			1.18			0.79			1.64			23.75			510.68			407.90			1.25


																																	P1R4			149166.04			1.03			0.93			1.32			10.64			449.07			393.75			1.14


			Normalform 4 chamber >355 µm 16X6																														P1R5			173464.11			1.06			0.84			1.33			13.49			509.51			417.98			1.22


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)									P1R6			147151.79			1.07			0.84			1.37			14.33			469.38			381.93			1.23


			P1R1			162558.36			1.14			0.86			1.37			15.63			484.19			401.53			1.21						P1R7			168792.44			1.10			0.84			1.47			18.39			501.54			417.24			1.20


			P1R2			179813.39			1.13			0.88			1.33			15.70			504.43			430.59			1.17						P1R8			163142.54			1.12			0.82			1.59			20.30			498.70			386.29			1.29


			P1R3			170445.17			1.28			0.78			1.74			24.44			523.11			363.45			1.44						P1R1			158975.39			1.12			0.85			1.35			15.69			485.54			385.91			1.26


			P1R4			189457.49			1.25			0.75			1.70			27.96			559.02			417.35			1.34						P1R2			156360.34			1.09			0.86			1.37			14.35			477.67			389.63			1.23


			P1R5			209519.39			1.24			0.81			1.46			23.94			570.05			419.75			1.36						P1R3			173236.88			1.14			0.86			1.32			15.95			500.22			400.27			1.25


			P1R6			182470.31			1.17			0.84			1.40			18.80			520.76			425.22			1.22						P1R4			136375.76			1.08			0.90			1.23			9.47			436.51			390.36			1.12


			P1R7			169749.45			1.20			0.80			1.46			19.39			517.11			411.76			1.26						P1R5			148796.31			1.08			0.86			1.30			11.09			466.80			376.80			1.24


			P1R8			188617.83			1.17			0.82			1.41			18.53			534.83			434.03			1.23						P1R6			161174.50			1.08			0.86			1.36			13.19			486.09			387.58			1.25


			P1R9			188174.01			1.24			0.81			1.43			22.79			538.97			410.79			1.31						P1R7			172316.42			1.15			0.82			1.64			21.09			512.75			390.54			1.31


			P1R10			151864.67			1.06			0.89			1.30			13.07			459.38			404.08			1.14						P1R8			152358.80			1.21			0.79			1.58			17.83			493.50			364.88			1.35


			P1R11			170283.24			1.21			0.83			1.43			20.45			506.23			377.15			1.34						P1R1			153615.97			1.17			0.82			1.41			16.80			485.73			396.59			1.22


			P1R12			174511.53			1.22			0.82			1.48			21.57			515.57			398.83			1.29						P1R2			169083.72			1.08			0.86			1.37			14.79			496.66			421.70			1.18





			Normalform 4 chamber 250-355 µm 17X1


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)									P1R3			148847.89			1.10			0.84			1.36			14.14			470.85			386.12			1.22


			P1R1			134501.69			1.29			0.78			1.70			23.01			462.56			338.28			1.37						P1R4			166774.65			1.12			0.87			1.37			15.61			488.14			415.01			1.18


			P1R2			123112.28			1.35			0.76			1.57			24.10			450.33			313.33			1.44						P1R5			142184.58			1.20			0.85			1.38			16.58			458.24			342.87			1.34


			P1R3			106942.81			1.27			0.80			1.69			21.35			408.89			303.62			1.35						P1R6			142490.46			1.05			0.88			1.32			13.92			443.44			391.92			1.13


			P1R4			130861.16			1.27			0.80			1.51			20.71			453.54			334.58			1.36						P1R7			166414.80			1.12			0.85			1.46			17.74			495.19			411.44			1.20


			P1R5			73020.51			1.12			0.82			1.40			12.46			334.45			263.18			1.27						P1R8			197008.44			1.24			0.75			1.55			24.40			573.32			412.69			1.39


			P1R6			123130.28			1.22			0.83			1.44			17.91			431.82			343.91			1.26						P1R9			150797.10			1.20			0.79			1.85			22.72			491.47			359.14			1.37


			P1R7			133734.00			1.17			0.83			1.41			17.39			449.32			362.03			1.24						P1R10			141638.80			1.10			0.86			1.42			13.90			453.06			379.78			1.19


			P1R8			109887.63			1.35			0.75			1.74			24.62			429.97			286.74			1.50						P1R11			135911.12			1.04			0.90			1.34			13.05			436.07			380.98			1.14


			P1R9			108538.17			1.12			0.87			1.29			11.74			394.59			341.15			1.16						P1R12			145801.12			1.15			0.84			1.35			16.06			464.59			384.49			1.21


			P1R10			133158.23			1.19			0.80			1.76			21.13			456.81			339.28			1.35						Kummerform 5 chamber >355 µm 17X2


			P1R11			133728.00			1.20			0.83			1.43			17.39			448.17			356.69			1.26						Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R12			151270.91			1.25			0.77			1.70			23.54			494.12			356.58			1.39						P1R1			172647.09			1.05			0.87			1.27			12.23			499.51			421.31			1.19


			P1R13			110355.44			1.18			0.81			1.46			15.97			411.90			330.50			1.25						P1R2			138549.60			1.09			0.88			1.28			10.86			444.68			376.52			1.18


			P1R14			130921.13			1.20			0.82			1.52			18.41			449.66			353.41			1.27						P1R3			133016.98			1.04			0.90			1.22			8.56			433.41			364.43			1.19


			P1R15			139023.86			1.26			0.79			1.54			21.50			471.16			344.61			1.37						P1R4			151861.13			1.08			0.86			1.28			12.23			472.47			384.04			1.23


			P1R16			113648.11			1.23			0.77			1.49			18.36			429.27			330.84			1.30						Kummerform 4 chamber >355 µm 17X3


			P1R17			115039.54			1.24			0.80			1.62			19.70			423.17			325.16			1.30						Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R18			90827.32			1.24			0.80			1.59			17.52			377.89			288.12			1.31						P1R1			86206.69			1.15			0.81			1.51			13.55			366.91			275.07			1.33


			P1R19			122206.65			1.16			0.86			1.45			16.78			423.17			336.38			1.26						P1R2			143568.60			1.15			0.80			1.53			18.00			477.04			355.93			1.34


			P1R20			118308.22			1.17			0.84			1.48			16.66			418.49			337.08			1.24						P1R3			138886.06			1.16			0.80			1.52			18.67			468.14			339.31			1.38


			P1R21			114199.88			1.18			0.81			1.56			16.77			419.58			333.90			1.26						Kummerform 4 chamber 255-350 µm 17X5


			P1R22			112730.48			1.20			0.84			1.42			16.55			410.68			323.31			1.27						Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R23			106139.14			1.26			0.81			1.48			19.07			404.09			294.26			1.37						P1R1			130234.28			1.13			0.86			1.34			13.87			436.91			334.91			1.30


			P1R1			84429.76			1.19			0.77			1.50			14.95			370.44			283.94			1.30						P1R2			121804.19			1.05			0.90			1.20			8.02			411.36			355.07			1.16


			P1R2			135132.12			1.23			0.81			1.48			20.80			455.83			358.05			1.27						P1R3			95661.29			1.11			0.86			1.30			9.86			375.67			313.50			1.20


			P1R3			143131.22			1.24			0.78			1.57			21.72			480.21			361.25			1.33						P1R4			126233.56			1.15			0.85			1.36			14.30			433.39			353.90			1.22


			P1R4			121019.50			1.12			0.86			1.29			11.43			418.96			346.98			1.21						P1R5			89957.69			1.01			0.92			1.19			7.15			350.88			318.34			1.10


			P1R5			121846.35			1.28			0.79			1.51			20.10			438.82			316.62			1.39						P1R6			66948.85			1.07			0.89			1.27			7.65			304.66			262.33			1.16


			P1R6			125170.13			1.20			0.77			1.53			18.69			446.95			353.16			1.27						P1R7			78592.64			1.05			0.89			1.27			8.65			332.29			283.96			1.17


			P1R7			93255.71			1.16			0.81			1.41			13.30			380.62			293.85			1.30						Kummerform 5 chamber 255-350 µm 17X5


			P1R8			127798.24			1.16			0.80			1.67			20.16			446.10			346.93			1.29						Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R9			83349.94			1.15			0.79			1.40			12.00			364.24			285.44			1.28						P1R1			126827.34			1.10			0.83			1.26			10.77			439.28			359.99			1.22


																																	Kummerform 4 chamber >355 µm 17X6


			Normalform 4 chamber >355 µm 17X2																														Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)			Max/Min Diameter						P1R1			128182.39			1.06			0.84			1.40			15.70			435.46			361.40			1.20


			P1R1			180952.93			1.17			0.81			1.56			22.92			531.64			418.78			1.27						P1R2			134600.41			1.06			0.85			1.46			14.91			445.54			343.07			1.30


			P1R2			154371.66			1.30			0.75			1.61			23.53			507.63			359.26			1.41						P1R3			138751.04			1.08			0.82			1.38			16.12			459.28			375.05			1.22


			P1R3			140169.40			1.16			0.83			1.43			16.74			461.17			378.84			1.22						P1R4			142318.43			1.11			0.81			1.34			13.71			470.59			368.03			1.28


			P1R4			154509.61			1.20			0.82			1.45			20.24			482.78			377.85			1.28						P1R5			133211.40			1.09			0.85			1.30			13.28			444.10			349.69			1.27


			P1R5			151876.67			1.12			0.86			1.33			14.16			470.21			402.00			1.17						P1R6			149940.41			1.04			0.86			1.26			11.08			468.48			397.32			1.18


			P1R6			161064.96			1.21			0.78			1.66			21.94			510.83			379.79			1.35						Kummerform 4 chamber >355 µm 18X3


			P1R7			196300.73			1.14			0.83			1.45			18.74			545.80			438.43			1.24						Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R8			142076.63			1.17			0.81			1.44			18.01			466.99			374.06			1.25						P1R1			127825.80			1.04			0.89			1.27			11.34			424.92			362.60			1.17


			P1R9			143414.09			1.23			0.78			1.68			22.96			479.33			349.44			1.37						P1R2			132982.73			1.13			0.82			1.56			16.93			451.37			343.32			1.31


			P1R10			151798.70			1.11			0.84			1.37			15.89			473.21			397.57			1.19						P1R3			146477.81			1.02			0.90			1.39			14.24			450.56			386.73			1.17


			P1R11			145957.06			1.26			0.79			1.62			21.57			482.25			360.01			1.34						P1R4			128626.88			1.07			0.86			1.29			10.83			434.03			364.98			1.19


			P1R12			161598.74			1.23			0.82			1.47			21.32			497.00			390.71			1.27						Kummerform 4 chamber >355 µm 18X4


			P1R13			148140.18			1.19			0.81			1.47			19.31			479.68			384.45			1.25						Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R14			175495.13			1.13			0.83			1.43			18.57			514.87			419.95			1.23						P1R1			160785.52			1.08			0.85			1.42			16.76			482.79			404.90			1.19


			P1R15			158246.10			1.21			0.78			1.45			21.08			504.67			386.18			1.31						P1R2			165025.84			1.14			0.80			1.59			19.55			510.08			378.76			1.35


			P1R16			158605.95			1.25			0.80			1.53			23.68			498.33			373.44			1.33						P1R3			164883.34			1.12			0.85			1.35			15.53			495.45			390.26			1.27


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)									P1R4			156533.65			1.07			0.83			1.40			16.02			483.11			399.54			1.21


			P1R1			146718.75			1.25			0.79			1.79			22.79			482.95			357.06			1.35						P1R5			137319.34			1.03			0.90			1.22			10.26			436.36			378.76			1.15


			P1R2			160591.15			1.13			0.87			1.35			16.03			479.56			394.32			1.22						P1R6			156552.90			1.12			0.83			1.33			14.29			486.60			389.29			1.25


			P1R3			155439.23			1.18			0.81			1.47			20.90			486.61			378.95			1.28


			P1R4			141560.83			1.18			0.83			1.36			15.79			465.06			374.70			1.24


			P1R5			141368.91			1.17			0.82			1.42			16.67			465.62			384.77			1.21						Total Number of Kummerform Specimens = 88


			P1R6			166624.71			1.14			0.81			1.37			16.33			509.11			412.69			1.23


			P1R7			169611.51			1.33			0.75			1.65			28.81			531.84			385.20			1.38


			P1R8			169209.67			1.32			0.74			1.81			28.19			535.56			378.01			1.42


			P1R9			152218.53			1.21			0.79			1.46			20.12			492.07			390.00			1.26


			P1R10			153591.98			1.22			0.81			1.49			20.74			485.90			372.54			1.30


			P1R11			158809.87			1.23			0.80			1.51			21.74			499.35			394.04			1.27


			P1R12			151864.67			1.23			0.79			1.39			17.51			490.81			389.91			1.26


			P1R13			144829.51			1.26			0.81			1.47			21.78			472.76			362.63			1.30


			P1R14			142010.65			1.13			0.86			1.29			13.10			454.65			384.87			1.18


			P1R15			153981.82			1.17			0.81			1.48			19.85			486.96			386.48			1.26


			P1R16			174187.66			1.07			0.86			1.34			15.85			504.33			436.07			1.16


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R1			150005.42			1.08			0.85			1.39			16.64			471.84			394.20			1.20


			P1R2			147048.62			1.12			0.87			1.26			12.24			458.49			394.80			1.16


			P1R3			158114.15			1.15			0.82			1.46			19.60			490.74			402.00			1.22


			P1R4			158096.16			1.11			0.85			1.38			15.15			484.04			392.09			1.23


			P1R5			156776.69			1.19			0.81			1.50			19.71			492.75			388.06			1.27


			P1R6			149153.77			1.18			0.83			1.36			15.93			473.59			383.84			1.23


			P1R7			139911.50			1.04			0.89			1.39			12.91			444.05			378.96			1.17


			P1R8			145045.43			1.16			0.83			1.37			15.87			469.32			380.93			1.23


			P1R9			178619.87			1.14			0.83			1.44			20.08			515.86			417.29			1.24


			P1R10			160447.21			1.18			0.82			1.45			19.21			496.45			400.20			1.24


			P1R11			153058.19			1.21			0.81			1.52			21.21			488.82			375.65			1.30


			P1R12			147624.39			1.14			0.83			1.49			16.33			471.28			381.04			1.24


			P1R13			161676.71			1.14			0.87			1.39			17.03			480.86			405.98			1.18


			P1R14			150575.19			1.10			0.86			1.36			14.51			466.63			397.62			1.17


			P1R15			162348.44			1.22			0.80			1.50			22.14			504.07			386.62			1.30


			P1R16			167758.26			1.26			0.77			1.56			24.59			522.84			398.67			1.31


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R1			143036.24			1.09			0.87			1.30			13.55			450.83			385.12			1.17


			P1R2			143552.03			1.17			0.81			1.40			15.46			473.63			378.49			1.25


			P1R3			138801.95			1.19			0.82			1.49			18.74			462.37			365.91			1.26


			P1R4			160957.00			1.25			0.79			1.52			22.69			504.67			373.04			1.35


			P1R5			134435.71			1.01			0.91			1.23			9.18			428.01			384.93			1.11


			P1R6			164045.75			1.19			0.82			1.46			20.70			498.09			395.47			1.26


			P1R7			152764.31			1.22			0.81			1.44			19.91			485.62			381.37			1.27


			P1R8			145129.39			1.16			0.82			1.58			18.55			472.41			372.54			1.27


			P1R9			139905.50			1.18			0.82			1.53			19.63			460.32			373.22			1.23


			P1R10			136312.95			1.16			0.80			1.69			20.71			458.59			353.41			1.30


			P1R11			147738.34			1.24			0.77			1.64			22.23			492.44			373.22			1.32


			P1R12			137236.58			1.05			0.87			1.38			12.26			440.25			382.11			1.15


			P1R13			163446.00			1.09			0.85			1.46			17.50			492.30			402.71			1.22


			P1R14			155721.12			1.19			0.80			1.50			18.87			493.29			386.48			1.28


			P1R15			160657.12			1.18			0.79			1.54			20.39			502.91			395.11			1.27


			P1R16			164993.37			1.20			0.81			1.48			20.67			507.11			400.87			1.27








			Normalform 4 chamber >355 µm 17X3


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R1			157870.56			1.20			0.79			1.53			22.32			501.19			374.44			1.34


			P1R2			134774.99			1.13			0.83			1.43			18.21			452.10			371.49			1.22


			P1R3			145330.91			1.20			0.77			1.62			20.26			487.20			367.95			1.32





			Normalform 4 chamber 255-350 µm 17X5


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R1			132489.76			1.19			0.81			1.48			17.04			452.87			352.52			1.28


			P1R2			124810.20			1.20			0.79			1.54			18.89			446.27			353.79			1.26


			P1R3			94997.02			1.08			0.83			1.31			10.93			377.54			317.61			1.19


			P1R4			118524.82			1.11			0.87			1.28			10.13			413.02			348.75			1.18


			P1R5			101575.10			1.17			0.83			1.60			15.43			392.50			305.35			1.29


			P1R6			87005.50			1.04			0.90			1.21			6.13			348.52			311.10			1.12


			P1R7			142379.99			1.27			0.79			1.57			21.90			475.57			331.66			1.43


			P1R8			106108.12			1.14			0.84			1.40			12.00			398.69			325.62			1.22


			P1R9			107914.40			1.09			0.89			1.31			11.23			387.82			331.85			1.17


			P1R10			112863.36			1.18			0.81			1.41			14.70			417.71			337.92			1.24


			P1R11			111904.38			1.19			0.85			1.33			13.96			406.81			321.20			1.27


			P1R12			96006.07			1.19			0.82			1.40			13.23			383.14			309.86			1.24


			P1R13			75274.34			1.13			0.81			1.41			11.14			340.47			281.40			1.21


			P1R14			85584.36			1.08			0.90			1.29			9.34			344.20			294.19			1.17


			P1R15			92509.06			1.08			0.87			1.35			9.71			365.66			314.35			1.16


			P1R16			116002.20			1.21			0.82			1.83			19.00			420.20			303.80			1.38


			P1R17			94765.94			1.05			0.85			1.33			10.41			373.88			312.13			1.20


			P1R18			87290.50			1.16			0.81			1.36			10.74			368.45			300.37			1.23


			P1R19			69208.48			1.21			0.83			1.47			13.60			323.91			257.69			1.26





			Normalform 4 chamber >355 µm 17X6


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R1			163867.99			1.22			0.80			1.43			20.37			505.98			404.26			1.25


			P1R2			153564.02			1.19			0.79			1.45			18.70			494.58			395.53			1.25


			P1R3			149797.53			1.20			0.80			1.52			19.95			485.78			386.96			1.26


			P1R4			142597.17			1.22			0.76			1.57			20.63			486.09			358.49			1.36





			Normalform 4 chamber >355 µm 18X3


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R1			142306.82			1.19			0.84			1.37			16.19			462.71			372.12			1.24


			P1R2			170945.34			1.17			0.78			1.48			19.18			527.30			413.64			1.27


			P1R3			159768.77			1.26			0.78			1.55			22.94			507.79			380.96			1.33


			P1R4			137854.67			1.18			0.79			1.64			20.55			467.22			354.31			1.32





			Normalform 4 chamber >355 µm 18X4


			Feature Name			Area(┬╡m^2)			Aspect Ratio			Circularity			Radius Ratio			Radii{st.dev}(┬╡m)			Diameter, Max(┬╡m)			Diameter, Min(┬╡m)


			P1R1			137146.62			1.17			0.81			1.43			17.15			457.96			370.24			1.24


			P1R2			167506.36			1.12			0.86			1.38			17.67			495.31			416.22			1.19


			P1R3			148829.90			1.18			0.83			1.46			18.60			472.22			386.20			1.22


			P1R4			143456.07			1.22			0.80			1.52			20.09			474.05			357.00			1.33


			P1R5			183142.04			1.24			0.78			1.63			24.01			542.71			404.39			1.34


			P1R6			154401.65			1.21			0.80			1.58			21.52			489.81			383.23			1.28


			P1R7			141926.69			1.08			0.87			1.61			16.64			451.82			363.45			1.24


			P1R8			156842.66			1.27			0.76			1.72			25.33			507.75			368.04			1.38


			P1R9			147936.26			1.13			0.80			1.43			18.45			479.46			391.66			1.22


			P1R10			154479.62			1.23			0.78			1.57			21.94			494.19			381.19			1.30


			P1R11			142844.32			1.19			0.82			1.42			16.61			467.76			380.97			1.23


			P1R12			146268.93			1.12			0.84			1.39			15.51			461.89			392.97			1.18


			P1R13			131550.88			1.14			0.80			1.39			15.48			450.83			374.26			1.20


			P1R14			187736.19			1.21			0.79			1.53			22.84			546.23			432.53			1.26


			P1R15			146101.00			1.22			0.77			1.57			20.07			487.17			376.29			1.29


			P1R16			152644.36			1.17			0.80			1.49			19.58			487.65			387.30			1.26


			P1R17			148775.92			1.17			0.82			1.58			18.92			477.21			371.75			1.28


			P1R18			154203.73			1.15			0.81			1.52			19.84			489.80			396.77			1.23

















			Total Number of Normalform Specimens = 192 specimens








Summary Graphs


			Wade, Poole & Boyd





Max Diameter vs Circularity


Normal	0.80730425501302205	0.75064337532291303	0.82542184055265	0.82202986459652505	0.85746745412275405	0.77776325481897002	0.82613222549217102	0.80749983382099899	0.78368873854026899	0.843321555625547	0.78661521171482496	0.820185875437206	0.81081532213298901	0.82547996415330904	0.77872375671258798	0.79541369201401402	0.785617718033079	0.86766511523989098	0.81015927279852595	0.82502228298552505	0.81806535193718199	0.80902239777615403	0.75109386060769801	0.73679168365172998	0.79038551098547105	0.81437767657538696	0.79524498066330696	0.79435017861026402	0.80769216878180705	0.86071027781695497	0.81453696129136499	0.86203221407274699	0.84902936984003596	0.87344735799339501	0.81733691656505703	0.849754074081296	0.80808619683805605	0.83194894111662399	0.88950735870924502	0.82857650794667304	0.831960072719928	0.818245201082478	0.80608397064508996	0.83421792378934401	0.86804651132664601	0.85691572550927997	0.80020056896093605	0.770845397638521	0.87229058711268004	0.80639608204318003	0.81653112769491698	0.79103199560891102	0.91407738215913104	0.82246721687102098	0.80511604349882204	0.81760894232915204	0.82278822229287796	0.80185482157002297	0.76521621234873005	0.87030497146849195	0.84565547171245803	0.80335056942813998	0.79351173752480597	0.80552743139240601	0.77960212168668697	0.75910738796124599	0.79611953129504198	0.79781009550119097	0.81871012973253099	0.82573892737670196	0.82664289105731703	0.74711172903499701	0.87378463523199301	0.801576796010953	0.82945276932576095	0.77320776163834903	0.80704709061291202	0.81516028558905296	0.78606556231379099	0.77298840935443902	0.80297689528734495	0.79681122863039899	0.858976123865278	0.83924982375012103	0.80862655173154996	0.83577919960240799	0.80778190247547099	0.77194590345320002	0.81109595292090897	0.78160048325477904	0.86333139839983197	0.79425632448530403	0.76928371436860099	0.81214619063253701	0.80280255114527699	0.79283896315082003	0.78655059912477399	0.831033958342417	0.77498684144581997	0.81471069281081998	0.78852223193433102	0.83396639302911502	0.87325314222637695	0.82587840831328596	0.896421631783485	0.79172154462323097	0.83806564835840203	0.88782237176022605	0.81496727020811299	0.85283762182013401	0.82325807267919704	0.81223892455479896	0.89724314519661896	0.87177535337197298	0.82112170833988196	0.85384197920795302	0.81023469289816996	0.82801034032397303	0.80088965293426995	0.79412465376635	0.79716159871926395	0.76201048654477999	0.83920461129575996	0.77546414810637998	0.78259413301336	0.78914266173824898	0.81485360099384097	0.85878361153629101	0.833214067525474	0.80237822933386704	0.78019159910695601	0.80149342695075199	0.87069412759270903	0.76103910030174904	0.80192055345423996	0.78458311680489901	0.82188488448444397	0.840537672325676	0.80206647591055502	0.78618504105976095	0.76930280053302103	0.79737228818905503	0.82376190072562305	0.80765504304270097	0.79557299278944704	0.73706595399272401	0.84293244726726901	0.764952818776096	0.73774045696531299	0.82858135155147405	0.78902573561341605	0.79279148018943102	0.77258616082595399	0.81691394803451101	0.76330121992194799	0.78963563431716999	0.82420717351103601	0.82749759834909797	0.75479319642523002	0.82465792503728197	0.76402328452997703	0.87531510883937502	0.91506374748224795	0.83325981892809897	0.84201812290348599	0.83127248127652598	0.82531108703848799	0.78021965041793995	0.81836699223704901	0.84456111015470103	0.82945467379873306	0.76767067598976002	0.81300740595672405	0.83538404462472504	0.77829295582956304	0.82375841772548297	0.84724344854445299	0.84243056635619895	0.78603075482915097	0.88872111341134796	0.86155186170739495	0.88093918135517901	0.77713855636056905	0.75482739437247703	0.812198204710322	0.83863963576540701	0.798155440307589	0.82441477036236499	0.81318727018358905	0.89394140389250898	0.83424329759814198	0.82340804665294698	531.63508698401904	507.62775831816498	461.16604139176798	482.77518648815402	470.21347800373798	510.82543583645099	545.79639452587196	466.99457506066102	479.32788363058398	473.21408657925201	482.25313283822499	497.00125963835598	479.68435660833597	514.87178006729005	504.67132825934402	498.326920057113	482.94907896602803	479.55930854661602	486.61111689014098	465.05769764875299	465.62479423990902	509.10837068962201	531.83811307801795	535.563416199269	492.07135775782501	485.89572958301301	499.35488893225403	490.80823390486501	472.75759763040702	454.64989560205601	486.96225832198598	504.33251691525101	471.83693931240299	458.49221447209902	490.74102040713598	484.04068693791902	492.753437194995	473.59415792445202	444.05221947872298	469.31977794362803	515.86096787656197	496.44584286838801	488.824618017	425	471.28368103420502	480.86445514991999	466.62840803696099	504.07082258723602	522.83612391041504	450.834695440426	473.62581676934798	462.36746173646401	504.67132825934402	428.014043701981	498.086153322413	485.62410009462002	472.40859361827802	460.31992416813802	458.59031215488301	492.44296460282197	440.25416513045798	492.29679210163698	493.29477426193398	502.90940184448999	507.10763566182601	462.555509572782	450.32888723786101	408.89422026082201	453.54044412618998	334.44705212417603	431.81558754241399	449.31556262491898	429.97132864965897	394.59235143953998	456.81476634425002	448.16614262119299	494.12084041177502	411.90470441624598	449.66248328681399	471.15640338225802	429.27332278576	423.166265085215	377.891959988812	423.166265085215	418.49166861945002	419.57944249907399	410.679793035226	404.09164808331298	370.44051338031898	455.82622773821402	480.20968506746698	418.96361611479398	438.82118348842198	446.95272265781801	380.62307387583297	446.10292210185298	364.24258242677701	501.192391981036	452.09932956731899	487.19617405547899	452.874292438466	446.27370305409102	377.54191269043002	413.02199236937503	392.50125835693098	348.51598610089502	475.56889793914002	398.69303417760699	387.82234663859498	417.71367808421002	406.80689574174801	383.14158215213399	340.466548510574	344.20162241079402	365.65938447980199	420.19571341944999	373.882391788289	368.45039760908497	323.910572319332	505.98463374987898	494.57916830546702	485.77706978099701	486.08557008959599	462.71308229386602	527.29806995969204	507.79381473723203	467.22318004646303	457.962123880673	495.30892403375998	472.22446946434701	474.04984130356303	542.71084434363297	489.80518542400398	451.81806533669601	507.745893706853	479.45924661525999	494.18759422694302	467.764516078719	461.89376102606798	450.834695440426	546.23027464941003	487.17159059598799	487.65148392258698	477.208590287427	489.79906297398099	259.76055089577198	244.46179991264799	210.454249580789	228.85988008601501	255.716861473628	273.85411173545901	190.75100571205101	311.38649793277199	271.50291692237403	293.42332279346499	314.31028416809801	299.92765981619698	223.88619444447301	386.91902173955998	328.43878051462798	354.08522785397003	444.27570429160301	394.658936801999	410.473127975532	01	327.73445407296498	477.10914390026397	450.13188796620699	377.61331348777298	418.28032588451498	498.037506184824	463.615288949285	437.61583159703002	484.641615724784	450.13188796620699	453.43097555455302	491.98834556064497	534.033081106174	467.48688258719397	484.18935189095799	504.433589727092	523.105628562839	559.02039713478598	570.04804749180096	520.75569052171795	517.109289666873	534.82940275024703	538.96817659571195	459.38086741465003	506.22575499152703	515.570227297825	Kummer	0.88235198589312702	0.87315821988664	0.88174526572464296	0.81600691854323104	0.91870403656891597	0.86514988634442402	0.83886415722347096	0.84905970075898096	0.89382224369053398	0.80104204158879999	0.86361738456501302	0.83811243161573801	0.887515759846214	0.86157756494772397	0.81143209599591204	0.8933039083737	0.846945384186642	0.90642632877381102	0.90234362067832596	0.91917590579004005	0.78919647006252402	0.87090456148945805	0.84253255596508803	0.82071720208997201	0.78913362757467398	0.89681257610419995	0.86999911531697705	0.81852031452857799	0.91322275282493903	0.88907583526334699	0.82976728989313198	0.79050913869254003	0.92943714591459303	0.84474591922237396	0.83859006662996505	0.83998809730218604	0.82179470480183103	0.84704488500434905	0.86203364658489301	0.86133135200885103	0.90448647164874296	0.857397448069114	0.85710192326027401	0.81940876826257703	0.78535372628403799	0.81576064494521705	0.86248614945086699	0.84143240990137003	0.87293474201816101	0.84804130371850905	0.87867794001710398	0.84808984640817298	0.75335985239896897	0.78517615166329602	0.86391234440178899	0.896923519273507	0.84408638025666705	0.87374114748562104	0.88483860944284998	0.89535903721954302	0.85787259938045801	0.80968060247323304	0.79851611383827203	0.79535621426659797	0.85929628221957099	0.90429370098358597	0.85511114067013705	0.84867419853547599	0.91633372991022599	0.888340380825415	0.88771285255952503	0.83314687517970198	0.84383901927997795	0.84570548747325403	0.82400775857578701	0.81274331256002996	0.84921746217336203	0.86382356314931397	0.88935381775344202	0.82246535599479198	0.89686694153017998	0.85649841206748201	0.84732734183361602	0.80001601755291096	0.84830669067524	0.83125536107373299	0.901206562679992	0.82934004611030598	209.962204276623	207.158859967317	223.100146087773	178.81689128661901	212.85661986774701	258.02983659334302	253.30485992169099	253.851308008351	214.41808765132001	254.819877883185	253.385889554881	223.44670139052499	335.33490990265102	322.02304456919001	342.56081739573801	315.982150577369	326.53248013762402	355.92924822111098	352.799420022113	349.81906177915101	376.31242385362998	399.203	78147822601	446.847228421132	517.06087606944698	501.53601011276203	458.83897970233897	474.248658511619	469.69271663574301	453.53891692897702	484.999088465022	481.20837123683702	510.675312990338	449.06968898809401	509.508795691736	469.37788543515802	501.543689133013	498.70210259096501	485.54273618352801	477.67386577654901	500.22116407190299	436.50994383199998	466.79847097280799	486.093698970265	512.74882807911104	493.50075854213901	485.72906585832101	496.65721592777999	470.85079664538898	488.14319212305003	458.24360635533498	443.437249248667	495.18782160553599	573.32125824342302	491.47376173760102	453.06413325093303	436.06560532417302	464.59319465807499	499.51083867412001	444.68297898851898	433.407276438922	472.46725074421101	366.90721262673901	477.04156810377702	468.141575065334	436.914111017273	411.35818269736802	375.66763942711299	433.393765015616	350.8787522284	304.65611378107502	332.29212524817802	439.27554090904903	435.46420645135203	445.53548790812198	459.28428614691097	470.59449240733801	444.10054488148	468.48431560922597	424.91695692904199	451.37080501067101	450.555211595152	434.02803172015803	482.79045669372198	510.07917465937999	495.451831510685	483.10944085940503	436.36433976709498	486.60050864679698	Circularity


Max Diameter (µ


m)


Max Diameter vs Radius Ratio


Normal	1.5599129060588801	1.60575187630309	1.43291899262625	1.45266684733082	1.33397501698244	1.65667827593761	1.4463084088159499	1.43939695765652	1.68418156489559	1.3709658140807399	1.61613140272699	1.4671899071133001	1.46849844084293	1.43439299817677	1.4514938725523401	1.53032724690356	1.7864702785706099	1.3507297666634599	1.46918699210979	1.3570078871973299	1.42357991563604	1.36856924840171	1.65222540987691	1.81375276434143	1.46145736321011	1.4946034752889401	1.50577537306848	1.39030900380935	1.4657711035463801	1.28810989728341	1.4816208586083699	1.34068391648688	1.39329246125186	1.2560289140118801	1.4555224965453	1.3784660493149501	1.5004942684357601	1.35612211423493	1.39452300365204	1.3669999842521201	1.44434128087141	1.4476646512193301	1.52469888280374	1.4864498877583801	1.3946572218053901	1.36009143779245	1.5032907216044999	1.55730491718629	1.30419869710989	1.3951002748654	1.4942378445737601	1.52347239446328	1.2332767731999501	1.45641211755807	1.4384242437222501	1.57715268667621	1.52885408594687	1.6902775194403199	1.6430652549895699	1.38263975622094	1.46374523367595	1.5013274847871301	1.5441517898107799	1.47602198046818	1.69873032687609	1.5749643387350201	1.6869384230803299	1.5086371410424799	1.4037104041845501	1.4402692378975901	1.4099378410477901	1.74475437928227	1.28977448319052	1.76267321342538	1.4264360591721901	1.6998118166984899	1.4601127988087299	1.5178561744267001	1.54445416175979	1.4942898859162399	1.6226425192552301	1.5874230505536999	1.45279956945799	1.4782737993685999	1.5609006591600101	1.41939624460962	1.4784277101877701	1.5040474475477501	1.4809999581304201	1.5708356412243301	1.2879202854382299	1.50809192834974	1.52667166501624	1.41230424371664	1.66549587453909	1.4008536649296699	1.5289077329145699	1.42856124895072	1.6182690560107	1.4776667929596301	1.54414476794356	1.31357755684401	1.2767668326908901	1.60385745242669	1.2087749719366301	1.5653908944021899	1.39829575218994	1.3134460782192301	1.41389772896674	1.32900695256652	1.3981846479033999	1.4142866350191901	1.2857428748197199	1.3452264330968	1.8325527419016101	1.32663571855433	1.3580938979766799	1.4746763576664199	1.4282692958023799	1.4539897650525899	1.5226059106746701	1.56780187595538	1.36811077349526	1.4801793020388101	1.5507745669848201	1.64465454992086	1.4314426574957799	1.3769178328637399	1.46228832792455	1.52247264925787	1.63388893155892	1.5817597793055	1.60962128213867	1.7191869825325701	1.4270290890694599	1.5685293837133301	1.41947438767451	1.3946153605232301	1.38559020414932	1.5291271933822901	1.57052640890304	1.4873739014471701	1.57603233741063	1.52248485208568	1.4029985548741	1.7696167981636299	1.4072084841002701	1.6676896762284901	1.68529835403166	1.3607364094941801	1.50339497403296	1.6435767052646999	1.45762477758936	1.4962735309691	1.57522796782755	1.4740316959681701	1.36922976579487	1.38864166497435	1.49610189047594	1.3433850032199399	1.45921855518651	1.30127124751681	1.2018794668337001	1.55696846982075	1.2938326957424899	1.3883447734405401	1.4064025814021499	1.4543770569777099	1.40435875949915	1.3405698174535901	1.35521215683913	1.5293835720529401	1.6947059431984499	1.35855964765939	1.8024502250130201	1.6646320624986299	1.4196219181863501	1.3153992471332601	1.6508462878563099	1.41727412229643	1.3697559548371101	1.33475462894339	1.7407088737779799	1.70098573582918	1.4582915067562101	1.396020358136	1.45576604037459	1.41370571717805	1.4274245411372399	1.30057330907641	1.4327727796774301	1.4794828053683999	531.63508698401904	507.62775831816498	461.16604139176798	482.77518648815402	470.21347800373798	510.82543583645099	545.79639452587196	466.99457506066102	479.32788363058398	473.21408657925201	482.25313283822499	497.00125963835598	479.68435660833597	514.87178006729005	504.67132825934402	498.326920057113	482.94907896602803	479.55930854661602	486.61111689014098	465.05769764875299	465.62479423990902	509.10837068962201	531.83811307801795	535.563416199269	492.07135775782501	485.89572958301301	499.35488893225403	490.80823390486501	472.75759763040702	454.64989560205601	486.96225832198598	504.33251691525101	471.83693931240299	458.49221447209902	490.74102040713598	484.04068693791902	492.753437194995	473.59415792445202	444.05221947872298	469.31977794362803	515.86096787656197	496.44584286838801	488.824618017425	471.28368103420502	480.86445514991999	466.62840803696099	504.07082258723602	522.83612391041504	450.834695440426	473.6	2581676934798	462.36746173646401	504.67132825934402	428.014043701981	498.086153322413	485.62410009462002	472.40859361827802	460.31992416813802	458.59031215488301	492.44296460282197	440.25416513045798	492.29679210163698	493.29477426193398	502.90940184448999	507.10763566182601	462.555509572782	450.32888723786101	408.89422026082201	453.54044412618998	334.44705212417603	431.81558754241399	449.31556262491898	429.97132864965897	394.59235143953998	456.81476634425002	448.16614262119299	494.12084041177502	411.90470441624598	449.66248328681399	471.15640338225802	429.27332278576	423.166265085215	377.891959988812	423.166265085215	418.49166861945002	419.57944249907399	410.679793035226	404.09164808331298	370.44051338031898	455.82622773821402	480.20968506746698	418.96361611479398	438.82118348842198	446.95272265781801	380.62307387583297	446.10292210185298	364.24258242677701	501.192391981036	452.09932956731899	487.19617405547899	452.874292438466	446.27370305409102	377.54191269043002	413.02199236937503	392.50125835693098	348.51598610089502	475.56889793914002	398.69303417760699	387.82234663859498	417.71367808421002	406.80689574174801	383.14158215213399	340.466548510574	344.20162241079402	365.65938447980199	420.19571341944999	373.882391788289	368.45039760908497	323.910572319332	505.98463374987898	494.57916830546702	485.77706978099701	486.08557008959599	462.71308229386602	527.29806995969204	507.79381473723203	467.22318004646303	457.962123880673	495.30892403375998	472.22446946434701	474.04984130356303	542.71084434363297	489.80518542400398	451.81806533669601	507.745893706853	479.45924661525999	494.18759422694302	467.764516078719	461.89376102606798	450.834695440426	546.23027464941003	487.17159059598799	487.65148392258698	477.208590287427	489.79906297398099	259.76055089577198	244.46179991264799	210.454249580789	228.85988008601501	255.716861473628	273.85411173545901	190.75100571205101	301.22399292160799	203.57762282647599	211.54130518923401	311.38649793277199	271.50291692237403	293.42332279346499	314.31028416809801	299.92765981619698	223.88619444447301	386.91902173955998	328.43878051462798	354.08522785397003	444.27570429160301	394.658936801999	410.47312797553201	327.73445407296498	477.10914390026397	450.13188796620699	37	7.61331348777298	418.28032588451498	498.037506184824	463.615288949285	437.61583159703002	484.641615724784	450.13188796620699	453.43097555455302	491.98834556064497	534.033081106174	467.48688258719397	484.18935189095799	504.433589727092	523.105628562839	559.02039713478598	570.04804749180096	520.75569052171795	517.109289666873	534.82940275024703	538.96817659571195	459.38086741465003	506.22575499152703	515.570227297825	Kummer	1.22445954018778	1.24630479687649	1.2496160182503	1.361384425	77236	1.2108984741123501	1.4680877698585399	1.3624896015403301	1.5236609147504301	1.2152884492886999	1.3698718827493399	1.2844923237007699	1.2582986101704901	1.3204637628721001	1.3422547141202199	1.37083362834165	1.2416151931874899	1.26844031498985	1.3288881976973199	1.22825817362339	1.20805112735349	1.52571444455742	1.3518632995626101	1.4476586276310399	1.4783266360459499	1.65684666859262	1.1885343031951401	1.2216460082963201	1.2626731606639701	1.2370731419538801	1.37656486161932	1.3972620840190899	1.64004949497224	1.32020610162804	1.33080258488641	1.3661181821189401	1.4699086010854301	1.5892768505756001	1.3507247921922501	1.3659770934434401	1.3209937425861999	1.2332924879884499	1.30115352893305	1.3620028679859899	1.63828245671511	1.57606539006459	1.4143084429153501	1.3696940882850701	1.3603496739466601	1.37053294685861	1.3834607669060199	1.3196061754892301	1.45915649243555	1.5498914472977601	1.8485049322812399	1.4210236268920999	1.3417439357922201	1.3489718332171301	1.27432725794423	1.2776672633339801	1.2192280710821699	1.27694306246612	1.5123268716565399	1.5284988746274999	1.5247584795264399	1.3427330412296801	1.1988163871206801	1.2977222835825	1.3598734949617	1.1872310284926499	1.27237870667928	1.26852056183412	1.2552699897891999	1.40332286612407	1.4565828530010501	1.38174842046159	1.3425767869143299	1.3005631509932001	1.2575882210226199	1.2694693111019699	1.56366070701719	1.3927431414078399	1.2895332119613101	1.4210627689259601	1.59282244164234	1.3497210985355499	1.40478407186224	1.22110776561995	1.3264695047391499	209.962204276623	207.158859967317	223.100146087773	178.81689128661901	212.85661986774701	258.02983659334302	253.30485992169099	253.851308008351	214.41808765132001	254.819877883185	253.385889554881	223.44670139052499	335.33490990265102	322.02304456919001	342.56081739573801	315.982150577369	326.53248013762402	355.92924822111098	352.799420022113	349.81906177915101	376.31242385362998	399.20378147822601	446.847228421132	517.06087606944698	501.53601011276203	458.83897970233897	474.248658511619	469.69271663574301	453.53891692897702	484.999088465022	481.20837123683702	510.675312990338	449.06968898809401	509.508795691736	469.37788543515802	501.543689133013	498.70210259096501	485.54273618352801	477.67386577654901	500.22116407190299	436.50994383199998	466.79847097280799	486.093698970265	512.74882807911104	493.50075854213901	485.72906585832101	496.65721592777999	470.85079664538898	488.14319212305003	458.24360635533498	443.437249248667	495.18782160553599	573.32125824342302	491.47376173760102	453.06413325093303	436.06560532417302	464.59319465807499	499.51083867412001	444.68297898851898	433.407276438922	472.46725074421101	366.90721262673901	477.04156810377702	468.141575065334	436.914111017273	411.35818269736802	375.66763942711299	433.393765015616	350	.8787522284	304.65611378107502	332.29212524817802	439.27554090904903	435.46420645135203	445.53548790812198	459.28428614691097	470.59449240733801	444.10054488148	468.48431560922597	424.91695692904199	451.37080501067101	450.555211595152	434.02803172015803	482.79045669372198	510.07917465937999	495.451831510685	483.10944085940503	436.36433976709498	486.60050864679698	Radius Ratio


Max Diameter


Size vs Circularity (Normalforms)


15X4	0.79557299278944704	0.737	06595399272401	0.84293244726726901	0.764952818776096	0.73774045696531299	0.82858135155147405	0.78902573561341605	0.79279148018943102	0.77258616082595399	0.81691394803451101	210.97134617514001	170.97762731858899	174.84749986688001	169.42589940822	182.65900313302001	226.46689826836999	147.45447262765501	230.509911851933	158.167994556981	167.78925777941799	16X2	0.76330121992194799	0.78963563431716999	0.82420717351103601	0.82749759834909797	0.75479319642523002	0.82465792503728197	236.50160586568401	218.59549736501501	242.051811450918	259.46402482961702	221.204018573697	188.385268515989	16X3	0.76402328452997703	299.08803602714897	16X5	0.87531510883937502	0.91506374748224795	0.83325981892809897	0.84201812290348599	0.83127248127652598	0.82531108703848799	0.78021965041793995	0.81836699223704901	0.84456111015470103	0.82945467379873306	0.76767067598976002	0.81300740595672405	0.83538404462472504	0.77829295582956304	0.82375841772548297	0.84724344854445299	0.84243056635619895	0.78603075482915097	0.88872111341134796	274.32659239320799	322.09222559439303	350.91127531873002	337.621018286891	331.65941759479699	255.220734144358	357.53810999487501	361.08064516149602	314.15036322102202	339.42425528666701	0	382.52791943240601	351.91954865226302	350.75758833599502	349.12875950765402	341.41542858796902	369.49419810151102	397.26079650755298	416.06464688114397	403.38429501710903	16X6	0.86155186170739495	0.88093918135517901	0.77713855636056905	0.75482739437247703	0.812198204710322	0.83863963576540701	0.798155440307589	0.82441477036236499	0.81318727018358905	0.89394140389250898	0.83424329759814198	0.82340804665294698	401.53068774467602	430.591602225825	363.45103741895002	417.35076589552699	419.75093858273601	425.22345081071899	411.75907271023101	434.03217233440398	410.78930862212098	404.08422695353499	377.15322968964	398.833004027877	17X2	0.80730425501302205	0.75064337532291303	0.82542184055265	0.82202986459652505	0.85746745412275405	0.77776325481897002	0.82613222549217102	0.80749983382099899	0.78368873854026899	0.843321555625547	0.78661521171482496	0.820185875437206	0.81081532213298901	0.82547996415330904	0.77872375671258798	0.79541369201401402	0.785617718033079	0.86766511523989098	0.81015927279852595	0.82502228298552505	0.81806535193718199	0.80902239777615403	0.75109386060769801	0.73679168365172998	0.79038551098547105	0.81437767657538696	0.79524498066330696	0.79435017861026402	0.80769216878180705	0.86071027781695497	0.81453696129136499	0.86203221407274699	0.84902936984003596	0.87344735799339501	0.81733691656505703	0.849754074081296	0.80808619683805605	0.83194894111662399	0.88950735870924502	0.82857650794667304	0.831960072719928	0.818245201082478	0.80608397064508996	0.83421792378934401	0.86804651132664601	0.85691572550927997	0.80020056896093605	0.770845397638521	0.87229058711268004	0.80639608204318003	0.81653112769491698	0.79103199560891102	0.91407738215913104	0.82246721687102098	0.80511604349882204	0.81760894232915204	0.82278822229287796	0.80185482157002297	0.76521621234873005	0.87030497146849195	0.84565547171245803	0.80335056942813998	0.79351173752480597	0.80552743139240601	418.77819884275402	359.26018382854801	378.83511612890902	377.85228004330497	402.000921165617	379.79172207504303	438.43172396025898	374.055475004779	349.44339905613703	397.56782061570601	360.01064110554501	390.71262350228801	384.45326571609002	419.95092883163301	386.18101435384801	373.43765861389397	357.05814184356501	394.318666822539	378.95383476511699	374.69628317509603	384.77293852336902	412.69022759192899	385.20135126032801	378.01097483402498	389.99817872033799	372.537187578871	394.04479211737299	389.90589693995901	362.62501126602598	384.86645106651702	386.48374013845	436.06560532417302	394.19696822257299	394.79749039475502	402.000921165617	392.09172168441199	388.055652885011	383.83656007946701	378.96174801850401	380.92703159037097	417.293279563863	400.19910583034903	375.64746294025502	381.03722848165802	405.97960842142402	397.62061696482402	386.61562334997899	398.66755371455901	385.12349348262302	378.486659973776	365.909732637074	373.03593120289997	384.92878014115001	395.47293569680198	381.367628105976	372.537187578871	373.22077951745501	353.411322594799	373.22077951745501	382.11390668509	402.708965051647	386.48374013845	395.10879403290801	400.872930405776	17X1	0.77960212168668697	0.75910738796124599	0.79611953129504198	0.79781009550119097	0.81871012973253099	0.82573892737670196	0.82664289105731703	0.74711172903499701	0.87378463523199301	0.801576796010953	0.82945276932576095	0.77320776163834903	0.80704709061291202	0.81516028558905296	0.78606556231379099	0.77298840935443902	0.80297689528734495	0.79681122863039899	0.858976123865278	0.83924982375012103	0.80862655173154996	0.83577919960240799	0.80778190247547099	0.77194590345320002	0.81109595292090897	0.78160048325477904	0.86333139839983197	0.79425632448530403	0.76928371436860099	0.81214619063253701	0.80280255114527699	0.79283896315082003	338.28063680474003	313.327871625488	303.61616337599003	334.581521225149	263.18440099194697	343.907311917708	362.02910542651603	286.74169128042797	341.14953041738698	339.28088003441297	356.68841195430002	356.57910021172103	330.49643188340701	353.411322594799	344.612888634039	330.84104862252099	325.16350269241298	288.11886057885602	336.378220956468	337.08176485826999	333.899653209409	323.31376072284399	294.25674901419302	283.94269056107402	358.04530589943198	361.24964601338502	346.98189917932001	316.615318902355	353.16439304578603	293.85452275935199	346.93464161692799	285.44422708472098	17X3	0.78655059912477399	0.831033958342417	0.77498684144581997	374.44430737636202	371.494136076129	367.953607436786	17X5	0.81471069281081998	0.78852223193433102	0.83396639302911502	0.87325314222637695	0.82587840831328596	0.896421631783485	0.79172154462323097	0.83806564835840203	0.88782237176022605	0.81496727020811299	0.85283762182013401	0.82325807267919704	0.81223892455479896	0.89724314519661896	0.87177535337197298	0.82112170833988196	0.85384197920795302	0.81023469289816996	0.82801034032397303	352.51548079731498	353.791430807268	317.60692288615701	348.75349454642298	305.35358547964	311.09514415944199	331.65941759479699	325.61824771175299	331.845162671541	337.923175775441	321.20017578407698	309.86089317927798	281.40236669917601	294.18904215290098	314.34645444331301	303.80460031589303	312.13332558826102	300.36871639756498	257.691117893029	17X6	0.80088965293426995	0.79412465376635	0.79716159871926395	0.76201048654477999	404.258929627697	395.52845312011902	386.95514781564401	358.48662095403898	18X3	0.83920461129575996	0.77546414810637998	0.78259413301336	0.78914266173824898	372.11676451747297	413.641624707674	380.964165506531	354.313568241746	18X4	0.81485360099384097	0.85878361153629101	0.833214067525474	0.80237822933386704	0.78019159910695601	0.801	49342695075199	0.87069412759270903	0.76103910030174904	0.80192055345423996	0.78458311680489901	0.82188488448444397	0.840537672325676	0.80206647591055502	0.78618504105976095	0.76930280053302103	0.79737228818905503	0.82376190072562305	0.80765504304270097	370.244032986805	416.22114559375598	386.20430937720499	356.99934679269899	404.38838159964303	383.23451220318702	363.45103741895002	368.04252513829698	391.66318928707102	381.19459735157301	380.97426273249101	392.97027837923798	374.25584542176199	432.53029048146698	376.29352935664798	387.29759499239299	371.74748617852703	396.76747436701902	Circularity





Size (microns)











Radius Ratio vs Circularity (all specimens)


15X4	0.79557299278944704	0.73706595399272401	0.84293244726726901	0.764952818776096	0.73774045696531299	0.82858135155147405	0.78902573561341605	0.79279148018943102	0.77258616082595399	0.81691394803451101	0.88235198589312702	0.87315821988664	0.88174526572464296	0.81600691854323104	1.4029985548741	1.7696167981636299	1.4072084841002701	1.6676896762284901	1.68529835403166	1.3607364094941801	1.50339497403296	1.6435767052646999	1.45762477758936	1.4962735309691	1.22445954018778	1.24630479687649	1.2496160182503	1.36138442577236	16X2	0.76330121992194799	0.78963563431716999	0.82420717351103601	0.82749759834909797	0.75479319642523002	0.82465792503728197	0.91870403656891597	0.86514988634442402	0.83886415722347096	0.84905970075898096	0.89382224369053398	0.80104204158879999	0.86361738456501302	0.83811243161573801	1.57522796782755	1.4740316959681701	1.36922976579487	1.38864166497435	1.49610189047594	1.3433850032199399	1.2108984741123501	1.4680877698585399	1.3624896015403301	1.5236609147504301	1.2152884492886999	1.3698718827493399	1.2844923237007699	1.2582986101704901	16X3	0.76402328452997703	0.887515759846214	0.86157756494772397	1.45921855518651	1.3204637628721001	1.3422547141202199	16X5	0.87531510883937502	0.91506374748224795	0.83325981892809897	0.84201812290348599	0.83127248127652598	0.82531108703848799	0.78021965041793995	0.81836699223704901	0.84456111015470103	0.82945467379873306	0.76767067598976002	0.81300740595672405	0.83538404462472504	0.77829295582956304	0.82375841772548297	0.84724344854445299	0.84243056635619895	0.78603075482915097	0.88872111341134796	0.84253255596508803	0.82071720208997201	0.78913362757467398	0.89681257610419995	0.8933039083737	0.846945384186642	0.90642632877381102	0.90234362067832596	0.91917590579004005	0.78919647006252402	0.87090456148945805	1.30127124751681	1.2018794668337001	1.55696846982075	1.2938326957424899	1.3883447734405401	1.4064025814021499	1.4543770569777099	1.40435875949915	1.3405698174535901	1.35521215683913	1.5293835720529401	1.6947059431984499	1.35855964765939	1.8024502250130201	1.6646320624986299	1.4196219181863501	1.3153992471332601	1.6508462878563099	1.41727412229643	1.4476586276310399	1.4783266360459499	1.65684666859262	1.1885343031951401	1.2416151931874899	1.26844031498985	1.3288881976973199	1.22825817362339	1.20805112735349	1.52571444455742	1.3518632995626101	16X6	0.86155186170739495	0.88093918135517901	0.77713855636056905	0.75482739437247703	0.812198204710322	0.83863963576540701	0.798155440307589	0.82441477036236499	0.81318727018358905	0.89394140389250898	0.83424329759814198	0.823408046652946	98	0.86999911531697705	0.81852031452857799	0.91322275282493903	0.88907583526334699	0.82976728989313198	0.79050913869254003	0.92943714591459303	0.84474591922237396	0.83859006662996505	0.83998809730218604	0.82179470480183103	0.84704488500434905	0.86203364658489301	0.86133135200885103	0.90448647164874296	0.857397448069114	0.85710192326027401	0.81940876826257703	0.78535372628403799	0.81576064494521705	0.86248614945086699	0.84143240990137003	0.87293474201816101	0.84804130371850905	0.87867794001710398	0.84808984640817298	0.75335985239896897	0.78517615166329602	0.86391234440178899	0.896923519273507	0.84408638025666705	1.3697559548371101	1.33475462894339	1.7407088737779799	1.70098573582918	1.4582915067562101	1.396020358136	1.45576604037459	1.41370571717805	1.4274245411372399	1.30057330907641	1.4327727796774301	1.4794828053683999	1.2216460082963201	1.2626731606639701	1.2370731419538801	1.37656486161932	1.3972620840190899	1.64004949497224	1.32020610162804	1.33080258488641	1.3661181821189401	1.4699086010854301	1.5892768505756001	1.3507247921922501	1.3659770934434401	1.3209937425861999	1.2332924879884499	1.30115352893305	1.3620028679859899	1.63828245671511	1.57606539006459	1.4143084429153501	1.3696940882850701	1.3603496739466601	1.37053294685861	1.3834607669060199	1.3196061754892301	1.45915649243555	1.5498914472977601	1.8485049322812399	1.4210236268920999	1.3417439357922201	1.3489718332171301	17X1	0.77960212168668697	0.75910738796124599	0.79611953129504198	0.79781009550119097	0.81871012973253099	0.82573892737670196	0.82664289105731703	0.74711172903499701	0.87378463523199301	0.801576796010953	0.82945276932576095	0.77320776163834903	0.80704709061291202	0.81516028558905296	0.78606556231379099	0.77298840935443902	0.80297689528734495	0.79681122863039899	0.858976123865278	0.83924982375012103	0.80862655173154996	0.83577919960240799	0.80778190247547099	0.77194590345320002	0.81109595292090897	0.78160048325477904	0.86333139839983197	0.79425632448530403	0.76928371436860099	0.812146	19063253701	0.80280255114527699	0.79283896315082003	1.69873032687609	1.5749643387350201	1.6869384230803299	1.5086371410424799	1.4037104041845501	1.4402692378975901	1.4099378410477901	1.74475437928227	1.28977448319052	1.76267321342538	1.4264360591721901	1.6998118166984899	1.4601127988087299	1.5178561744267001	1.54445416175979	1.4942898859162399	1.6226425192552301	1.5874230505536999	1.45279956945799	1.4782737993685999	1.5609006591600101	1.41939624460962	1.4784277101877701	1.5040474475477501	1.4809999581304201	1.5708356412243301	1.2879202854382299	1.50809192834974	1.52667166501624	1.41230424371664	1.66549587453909	1.4008536649296699	17X2	0.80730425501302205	0.75064337532291303	0.82542184055265	0.82202986459652505	0.85746745412275405	0.77776325481897002	0.82613222549217102	0.80749983382099899	0.78368873854026899	0.843321555625547	0.78661521171482496	0.820185875437206	0.81081532213298901	0.82547996415330904	0.77872375671258798	0.79541369201401402	0.785617718033079	0.86766511523989098	0.81015927279852595	0.82502228298552505	0.81806535193718199	0.80902239777615403	0.75109386060769801	0.73679168365172998	0.79038551098547105	0.81437767657538696	0.79524498066330696	0.79435017861026402	0.80769216878180705	0.86071027781695497	0.81453696129136499	0.86203221407274699	0.84902936984003596	0.87344735799339501	0.81733691656505703	0.849754074081296	0.80808619683805605	0.83194894111662399	0.88950735870924502	0.82857650794667304	0.831960072719928	0.818245201082478	0.80608397064508996	0.83421792378934401	0.86804651132664601	0.85691572550927997	0.80020056896093605	0.770845397638521	0.87229058711268004	0.80639608204318003	0.81653112769491698	0.79103199560891102	0.91407738215913104	0.82246721687102098	0.80511604349882204	0.81760894232915204	0.82278822229287796	0.80185482157002297	0.76521621234873005	0.87030497146849195	0.84565547171245803	0.80335056942813998	0.79351173752480597	0.80552743139240601	0.87374114748562104	0.88483860944284998	0.89535903721954302	0.85787259938045801	1.5599129060588801	1.60575187630309	1.43291899262625	1.45266684733082	1.33397501698244	1.65667827593761	1.4463084088159499	1.43939695765652	1.68418156489559	1.3709658140807399	1.61613140272699	1.4671899071133001	1.46849844084293	1.43439299817677	1.4514938725523401	1.53032724690356	1.7864702785706099	1.3507297666634599	1.46918699210979	1.3570078871973299	1.42357991563604	1.36856924840171	1.65222540987691	1.81375276434143	1.46145736321011	1.4946034752889401	1.50577537306848	1.39030900380935	1.4657711035463801	1.28810989728341	1.4816208586083699	1.34068391648688	1.39329246125186	1.2560289140118801	1.4555224965453	1.3784660493149501	1.5004942684357601	1.35612211423493	1.39452300365204	1.3669999842521201	1.44434128087141	1.4476646512193301	1.52469888280374	1.4864498877583801	1.3946572218053901	1.36009143779245	1.5032907216044999	1.55730491718629	1.30419869710989	1.3951002748654	1.4942378445737601	1.52347239446328	1.2332767731999501	1.45641211755807	1.4384242437222501	1.57715268667621	1.52885408594687	1.6902775194403199	1.6430652549895699	1.38263975622094	1.46374523367595	1.5013274847871301	1.5441517898107799	1.47602198046818	1.27432725794423	1.2776672633339801	1.2192280710821699	1.27694306246612	17X3	0.78655059912477399	0.831033958342417	0.77498684144581997	0.80968060247323304	0.79851611383827203	0.79535621426659797	1.5289077329145699	1.42856124895072	1.6182690560107	1.5123268716565399	1.5284988746274999	1.5247584795264399	17X5	0.81471069281081998	0.78852223193433102	0.83396639302911502	0.87325314222637695	0.82587840831328596	0.896421631783485	0.79172154462323097	0.83806564835840203	0.88782237176022605	0.81496727020811299	0.85283762182013401	0.82325807267919704	0.81223892455479896	0.89724314519661896	0.87177535337197298	0.82112170833988196	0.85384197920795302	0.81023469289816996	0.82801034032397303	0.85929628221957099	0.90429370098358597	0.85511114067013705	0.84867419853547599	0.91633372991022599	0.888340380825415	0.88771285255952503	1.4776667929596301	1.54414476794356	1.31357755684401	1.2767668326908901	1.60385745242669	1.2087749719366301	1.5653908944021899	1.39829575218994	1.3134460782192301	1.41389772896674	1.32900695256652	1.3981846479033999	1.4142866350191901	1.2857428748197199	1.3452264330968	1.8325527419016101	1.32663571855433	1.3580938979766799	1.4746763576664199	1.3427330412296801	1.1988163871206801	1.2977222835825	1.3598734949617	1.1872310284926499	1.27237870667928	1.26852056183412	17X6	0.80088965293426995	0.79412465376635	0.79716159871926395	0.76201048654477999	0.84383901927997795	0.84570548747325403	0.82400775857578701	0.81274331256002996	0.84921746217336203	0.86382356314931397	1.4282692958023799	1.4539897650525899	1.5226059106746701	1.56780187595538	1.40332286612407	1.4565828530010501	1.38174842046159	1.3425767869143299	1.3005631509932001	1.2575882210226199	18X3	0.83920461129575996	0.77546414810637998	0.78259413301336	0.78914266173824898	0.88935381775344202	0.82246535599479198	0.89686694153017998	0.85649841206748201	1.36811077349526	1.4801793020388101	1.5507745669848201	1.64465454992086	1.2694693111019699	1.56366070701719	1.3927431414078399	1.2895332119613101	18X4	0.81485360099384097	0.85878361153629101	0.833214067525474	0.80237822933386704	0.78019159910695601	0.80149342695075199	0.87069412759270903	0.76103910030174904	0.80192055345423996	0.78458311680489901	0.82188488448444397	0.840537672325676	0.80206647591055502	0.78618504105976095	0.76930280053302103	0.79737228818905503	0.82376190072562305	0.80765504304270097	0.84732734183361602	0.80001601755291096	0.84830669067524	0.83125536107373299	0.901206562679992	0.82934004611030598	1.4314426574957799	1.3769178328637399	1.46228832792455	1.52247264925787	1.63388893155892	1.5817597793055	1.60962128213867	1.7191869825325701	1.4270290890694599	1.5685293837133301	1.41947438767451	1.3946153605232301	1.38559020414932	1.5291271933822901	1.57052640890304	1.4873739014471701	1.57603233741063	1.52248485208568	1.4210627689259601	1.59282244164234	1.3497210985355499	1.40478407186224	1.22110776561995	1.3264695047391499	Circularity
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Appendix


			Sample ID Hole U1334A			Depth (m) CCSF-A			Number of chambers												Wade, Poole & Boyd


									4			4.5			5						Appendix 1: Size measurements of Paragloborotalia opima-nana plexus at Site U1334


									Maximum size (mm)			Maximum size (mm)			Maximum size (mm)


			15H-4, 43-45 cm			155.59			0.1950						0.1800


						155.59			0.2100						0.2100


						155.59			0.2250						0.2100


						155.59			0.2250						0.2175


						155.59			0.2400						0.2250


						155.59			0.2550						0.3000


						155.59			0.2550


						155.59			0.2550


						155.59			0.2550


						155.59			0.2700


						155.59			0.2850


			16H-2, 43-45 cm			163.85			0.1800			0.2700			0.2250


						163.85			0.1950			0.2850			0.2550


						163.85			0.2100			0.3150			0.2700


						163.85			0.2100						0.2700


						163.85			0.2250						0.2775


						163.85			0.2250						0.3225


						163.85			0.2400


						163.85			0.2550


						163.85			0.2550


						163.85			0.2775


						163.85			0.3000


						163.85			0.3150


			16H-3, 43-45 cm			165.26			0.3300						0.3525


						165.26			0.3375


						165.26			0.3750


			16H-5, 43-45 cm			168.36			0.3150						0.3675


						168.36			0.3300						0.3825


						168.36			0.3300


						168.36			0.3300


						168.36			0.3450


						168.36			0.3450


						168.36			0.3450


						168.36			0.3600


						168.36			0.3750


						168.36			0.3750


						168.36			0.3750


						168.36			0.3750


						168.36			0.3900


						168.36			0.3900


						168.36			0.4050


						168.36			0.4050


						168.36			0.4125


						168.36			0.4125


						168.36			0.4125


						168.36			0.4200


						168.36			0.4200


						168.36			0.4425


						168.36			0.4500


						168.36			0.4500


						168.36			0.4650


						168.36			0.4650


						168.36			0.4650


						168.36			0.4725


						168.36			0.4800


						168.36			0.4800


						168.36			0.4800


						168.36			0.4950


						168.36			0.4950


						168.36			0.5025


						168.36			0.5250


						168.36			0.5250


						168.36			0.5250


						168.36			0.5400


						168.36			0.5400


						168.36			0.5400


						168.36			0.5700


			16H-6, 43-45 cm			169.96			0.4650			0.4650			0.4650


						169.96			0.4650			0.4650			0.4800


						169.96			0.4650			0.4950			0.4800


						169.96			0.4650			0.5100


						169.96			0.4650			0.5100


						169.96			0.4800			0.5100


						169.96			0.4800			0.5625


						169.96			0.4800			0.6000


						169.96			0.4800


						169.96			0.4800


						169.96			0.4875


						169.96			0.4950


						169.96			0.4950


						169.96			0.4950


						169.96			0.4950


						169.96			0.4950


						169.96			0.5100


						169.96			0.5100


						169.96			0.5100


						169.96			0.5100


						169.96			0.5100


						169.96			0.5250


						169.96			0.5250


						169.96			0.5250


						169.96			0.5250


						169.96			0.5250


						169.96			0.5400


						169.96			0.5400


						169.96			0.5400


						169.96			0.5400


						169.96			0.5400


						169.96			0.5400


						169.96			0.5550


						169.96			0.5700


			17H-1, 43-45 cm			174.06			0.3075			0.3750			0.3600


						174.06			0.3600			0.4500			0.4950


						174.06			0.3600			0.4575			0.5100


						174.06			0.3750			0.4650			0.5325


						174.06			0.3900			0.4650			0.5550


						174.06			0.4050			0.4650			0.5550


						174.06			0.4050			0.4725


						174.06			0.4050			0.4725


						174.06			0.4050			0.4725


						174.06			0.4200			0.4800


						174.06			0.4200			0.4875


						174.06			0.4275			0.4875


						174.06			0.4275			0.4950


						174.06			0.4275			0.4950


						174.06			0.4275			0.4950


						174.06			0.4350			0.4950


						174.06			0.4350			0.4950


						174.06			0.4350			0.5025


						174.06			0.4350			0.5100


						174.06			0.4350			0.5175


						174.06			0.4350			0.5175


						174.06			0.4350			0.5250


						174.06			0.4350			0.5250


						174.06			0.4350			0.5550


						174.06			0.4350			0.5700


						174.06			0.4350			0.5700


						174.06			0.4425			0.6000


						174.06			0.4425


						174.06			0.4425


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4500


						174.06			0.4575


						174.06			0.4575


						174.06			0.4575


						174.06			0.4575


						174.06			0.4575


						174.06			0.4575


						174.06			0.4575


						174.06			0.4575


						174.06			0.4575


						174.06			0.4575


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4650


						174.06			0.4725


						174.06			0.4725


						174.06			0.4725


						174.06			0.4725


						174.06			0.4725


						174.06			0.4725


						174.06			0.4725


						174.06			0.4725


						174.06			0.4725


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4800


						174.06			0.4875


						174.06			0.4875


						174.06			0.4875


						174.06			0.4875


						174.06			0.4875


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.4950


						174.06			0.5025


						174.06			0.5025


						174.06			0.5025


						174.06			0.5025


						174.06			0.5025


						174.06			0.5025


						174.06			0.5025


						174.06			0.5025


						174.06			0.5025


						174.06			0.5025


						174.06			0.5025


						174.06			0.5025


						174.06			0.5025


						174.06			0.5025


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5100


						174.06			0.5175


						174.06			0.5175


						174.06			0.5175


						174.06			0.5175


						174.06			0.5175


						174.06			0.5175


						174.06			0.5175


						174.06			0.5175


						174.06			0.5175


						174.06			0.5175


						174.06			0.5175


						174.06			0.5175


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5250


						174.06			0.5325


						174.06			0.5325


						174.06			0.5325


						174.06			0.5325


						174.06			0.5325


						174.06			0.5325


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5400


						174.06			0.5475


						174.06			0.5475


						174.06			0.5475


						174.06			0.5550


						174.06			0.5550


						174.06			0.5550


						174.06			0.5550


						174.06			0.5550


						174.06			0.5550


						174.06			0.5550


						174.06			0.5550


						174.06			0.5550


						174.06			0.5550


						174.06			0.5550


						174.06			0.5625


						174.06			0.5625


						174.06			0.5700


						174.06			0.5700


						174.06			0.5700


						174.06			0.5700


						174.06			0.5775


						174.06			0.5775


						174.06			0.5850


						174.06			0.5850


						174.06			0.6000


						174.06			0.6000


						174.06			0.6000


						174.06			0.6000


						174.06			0.6225


						174.06			0.6750


						174.06			0.6825


			17H-2, 43-45 cm			175.47			0.1950			0.2625			0.2025


						175.47			0.2250			0.2925			0.2025


						175.47			0.2400			0.3075			0.2550


						175.47			0.2400			0.3075			0.2625


						175.47			0.2700			0.4425			0.2700


						175.47			0.2850			0.4650			0.2700


						175.47			0.2850			0.4725			0.2775


						175.47			0.2850			0.4875			0.2850


						175.47			0.2850			0.5250			0.2925


						175.47			0.3000			0.5400			0.2925


						175.47			0.3150						0.3000


						175.47			0.3225						0.3000


						175.47			0.3300						0.3075


						175.47			0.4200						0.3150


						175.47			0.4350						0.3150


						175.47			0.4425						0.3150


						175.47			0.4500						0.3150


						175.47			0.4500						0.3300


						175.47			0.4500						0.4500


						175.47			0.4500						0.4725


						175.47			0.4575						0.4800


						175.47			0.4575						0.4950


						175.47			0.4575						0.4950


						175.47			0.4650						0.5025


						175.47			0.4650						0.5175


						175.47			0.4650


						175.47			0.4650


						175.47			0.4650


						175.47			0.4650


						175.47			0.4650


						175.47			0.4650


						175.47			0.4650


						175.47			0.4650


						175.47			0.4650


						175.47			0.4650


						175.47			0.4650


						175.47			0.4725


						175.47			0.4725


						175.47			0.4725


						175.47			0.4725


						175.47			0.4725


						175.47			0.4725


						175.47			0.4725


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4800


						175.47			0.4875


						175.47			0.4875


						175.47			0.4875


						175.47			0.4875


						175.47			0.4875


						175.47			0.4875


						175.47			0.4875


						175.47			0.4875


						175.47			0.4875


						175.47			0.4875


						175.47			0.4875


						175.47			0.4875


						175.47			0.4875


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.4950


						175.47			0.5025


						175.47			0.5025


						175.47			0.5025


						175.47			0.5025


						175.47			0.5025


						175.47			0.5025


						175.47			0.5025


						175.47			0.5025


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5100


						175.47			0.5175


						175.47			0.5175


						175.47			0.5175


						175.47			0.5175


						175.47			0.5175


						175.47			0.5175


						175.47			0.5175


						175.47			0.5175


						175.47			0.5175


						175.47			0.5175


						175.47			0.5175


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5250


						175.47			0.5325


						175.47			0.5325


						175.47			0.5325


						175.47			0.5400


						175.47			0.5400


						175.47			0.5400


						175.47			0.5400


						175.47			0.5400


						175.47			0.5400


						175.47			0.5400


						175.47			0.5400


						175.47			0.5400


						175.47			0.5475


						175.47			0.5475


						175.47			0.5550


						175.47			0.5550


						175.47			0.5550


						175.47			0.5625


			17H-3, 43-45 cm			177.02			0.4950			0.4800


						177.02			0.5400			0.4800


						177.02			0.5100


						177.02			0.3900


			17H-4, 43-45 cm			178.59			0.5100


						178.59			0.5100


			17H-5, 43-45 cm			179.68			0.3150			0.4500			0.3900


						179.68			0.3300			0.4650


						179.68			0.3300			0.5325


						179.68			0.3300


						179.68			0.3450


						179.68			0.3525


						179.68			0.3600


						179.68			0.3600


						179.68			0.3600


						179.68			0.3600


						179.68			0.3750


						179.68			0.3750


						179.68			0.3825


						179.68			0.3900


						179.68			0.3900


						179.68			0.3900


						179.68			0.3900


						179.68			0.3975


						179.68			0.4050


						179.68			0.4200


						179.68			0.4200


						179.68			0.4350


						179.68			0.4350


						179.68			0.4350


						179.68			0.4350


						179.68			0.4350


						179.68			0.4425


						179.68			0.4500


						179.68			0.4500


						179.68			0.4575


						179.68			0.4575


						179.68			0.4650


						179.68			0.4650


						179.68			0.4725


						179.68			0.4725


						179.68			0.4875


						179.68			0.4875


						179.68			0.4950


						179.68			0.5100


						179.68			0.5100


						179.68			0.5100


						179.68			0.5100


			17H-6, 43-45 cm			180.93			0.4575			0.4875


						180.93			0.4650			0.5250


						180.93			0.4650


						180.93			0.4800


						180.93			0.5100


						180.93			0.5175


						180.93			0.5250


			18H-2, 43-45 cm			186.13			0.1800			0.2700			0.2250


						186.13			0.1950			0.3000			0.2700


						186.13			0.2175			0.3075			0.2700


						186.13			0.2250			0.4650			0.2775


						186.13			0.2400						0.3000


						186.13			0.2550						0.3000


						186.13			0.2700						0.3300


						186.13			0.2700						0.3450


						186.13			0.2850						0.3750


						186.13			0.2925


						186.13			0.3000


						186.13			0.3000


						186.13			0.3150


						186.13			0.3150


						186.13			0.3150


						186.13			0.3150


						186.13			0.3300


						186.13			0.3300


						186.13			0.3300


						186.13			0.3375


						186.13			0.3525


						186.13			0.3600


						186.13			0.3600


						186.13			0.3600


						186.13			0.3600


						186.13			0.3675


						186.13			0.3750


						186.13			0.3750


						186.13			0.3750


						186.13			0.3750


						186.13			0.3900


						186.13			0.3900


						186.13			0.4050


						186.13			0.4050


						186.13			0.4050


						186.13			0.4050


						186.13			0.4200


						186.13			0.4350


						186.13			0.4650


						186.13			0.4650


						186.13			0.4725


						186.13			0.4800


			18H-3, 43-45 cm			187.74			0.5250			0.5475


						187.74			0.4800


						187.74			0.4650


						187.74			0.4350


						187.74			0.4500


						187.74			0.4800


						187.74			0.5250


						187.74			0.5250


						187.74			0.4650


			18H-4, 43-45 cm			189.24			0.4500			0.5100


						189.24			0.4500			0.5325


						189.24			0.4575


						189.24			0.4650


						189.24			0.4725


						189.24			0.4800


						189.24			0.4800


						189.24			0.4800


						189.24			0.4800


						189.24			0.4875


						189.24			0.4950


						189.24			0.4950


						189.24			0.4950


						189.24			0.4950


						189.24			0.4950


						189.24			0.4950


						189.24			0.4950


						189.24			0.5025


						189.24			0.5025


						189.24			0.5025


						189.24			0.5100


						189.24			0.5100


						189.24			0.5100


						189.24			0.5550


						189.24			0.5625


						189.24			0.5625


			18H-5, 43-45 cm 			190.74			0.4500						0.4650


						190.74			0.4650						0.5250


						190.74			0.4950


						190.74			0.5025


						190.74			0.4950


			18H-6, 43-45 cm			192.24			0.3000			0.3000			0.4350


						192.24			0.3000			0.3375


						192.24			0.3150			0.3450


						192.24			0.3150			0.3600


						192.24			0.3150			0.3600


						192.24			0.3150			0.3750


						192.24			0.3300			0.3750


						192.24			0.3300			0.3825


						192.24			0.3300			0.3900


						192.24			0.3300			0.3900


						192.24			0.3300			0.4050


						192.24			0.3300			0.4125


						192.24			0.3450			0.4350


						192.24			0.3450


						192.24			0.3450


						192.24			0.3450


						192.24			0.3450


						192.24			0.3450


						192.24			0.3450


						192.24			0.3450


						192.24			0.3450


						192.24			0.3525


						192.24			0.3525


						192.24			0.3525


						192.24			0.3600


						192.24			0.3600


						192.24			0.3600


						192.24			0.3600


						192.24			0.3600


						192.24			0.3675


						192.24			0.3750


						192.24			0.3750


						192.24			0.3750


						192.24			0.3750


						192.24			0.3750


						192.24			0.3750


						192.24			0.3825


						192.24			0.3825


						192.24			0.3900


						192.24			0.3900


						192.24			0.3900


						192.24			0.3900


						192.24			0.3900


						192.24			0.3900


						192.24			0.3900


						192.24			0.3900


						192.24			0.3900


						192.24			0.3900


						192.24			0.3900


						192.24			0.4050


						192.24			0.4050


						192.24			0.4050


						192.24			0.4050


						192.24			0.4050


						192.24			0.4050


						192.24			0.4275


						192.24			0.4350


						192.24			0.4500


						192.24			0.4800


			18H-7, 43-45 cm			193.64			0.2400			0.3300			0.2025


						193.64			0.2550			0.3525			0.2100


						193.64			0.2550			0.3600			0.2250


						193.64			0.2625			0.3900			0.2325


						193.64			0.2700						0.2325


						193.64			0.2700						0.2550


						193.64			0.2700						0.2625


						193.64			0.2925						0.2775


						193.64			0.3000						0.2850


						193.64			0.3000						0.2850


						193.64			0.3000						0.2850


						193.64			0.3075						0.3000


						193.64			0.3075						0.3075


						193.64			0.3150						0.3150


						193.64			0.3150						0.3150


						193.64			0.3150						0.3225


						193.64			0.3150						0.3300


						193.64			0.3150						0.3900


						193.64			0.3150						0.3900


						193.64			0.3300						0.4200


						193.64			0.3300


						193.64			0.3300


						193.64			0.3375


						193.64			0.3450


						193.64			0.3450


						193.64			0.3450


						193.64			0.3450


						193.64			0.3450


						193.64			0.3525


						193.64			0.3600


						193.64			0.3600


						193.64			0.3600


						193.64			0.3600


						193.64			0.3675


						193.64			0.3750


						193.64			0.3750


						193.64			0.3750


						193.64			0.3825


						193.64			0.3825


						193.64			0.3900


						193.64			0.3900


						193.64			0.3900


						193.64			0.3900


						193.64			0.4050


						193.64			0.4125


						193.64			0.4200


						193.64			0.4350


						193.64			0.4575


						193.64			0.4800


			19H-6, 43-45 cm			203.98			0.2475			0.2700			0.2775


						203.98			0.2550			0.3150			0.3075


						203.98			0.2550						0.3150


						203.98			0.2625						0.3300


						203.98			0.2850						0.3300


						203.98			0.2850						0.3600


						203.98			0.2850						0.3900


						203.98			0.2925


						203.98			0.3000


						203.98			0.3075


						203.98			0.3075


						203.98			0.3075


						203.98			0.3150


						203.98			0.3150


						203.98			0.3150


						203.98			0.3150


						203.98			0.3150


						203.98			0.3150


						203.98			0.3225


						203.98			0.3225


						203.98			0.3300


						203.98			0.3300


						203.98			0.3300


						203.98			0.3300


						203.98			0.3300


						203.98			0.3300


						203.98			0.3375


						203.98			0.3525


						203.98			0.3600


						203.98			0.3600


						203.98			0.3750


						203.98			0.3900


						203.98			0.3900


						203.98			0.3900


						203.98			0.4200


			20H-5, 43-45 cm			226.10			0.2100			0.2700			0.1950


						226.10			0.2475						0.2175


						226.10			0.2550						0.2700


						226.10			0.2550						0.2700


						226.10			0.2550						0.2850


						226.10			0.2700						0.3000


						226.10			0.2700						0.3000


						226.10			0.2700						0.3150


						226.10			0.2700						0.3300


						226.10			0.2925						0.3750


						226.10			0.2925


						226.10			0.2925


						226.10			0.3000


						226.10			0.3000


						226.10			0.3000


						226.10			0.3075


						226.10			0.3150


						226.10			0.3150


						226.10			0.3225


						226.10			0.3300


						226.10			0.3300


						226.10			0.3300


						226.10			0.3300


						226.10			0.3375


						226.10			0.3450


						226.10			0.3450


						226.10			0.3450


						226.10			0.3600


						226.10			0.3600


						226.10			0.3600


						226.10			0.3600


						226.10			0.3600


						226.10			0.3675


						226.10			0.3675


						226.10			0.3750


						226.10			0.3750


						226.10			0.3825


						226.10			0.3900


						226.10			0.3900


						226.10			0.3900


						226.10			0.3975


						226.10			0.4125


			21H-3, 43-45 cm			233.30			0.1800						0.2025


						233.30			0.1950						0.2325


						233.30			0.1950						0.2775


						233.30			0.1950


						233.30			0.1950


						233.30			0.2250


						233.30			0.2250


						233.30			0.2400


						233.30			0.2400


						233.30			0.2400


						233.30			0.2400


						233.30			0.2400


						233.30			0.2550


						233.30			0.2550


						233.30			0.2625


						233.30			0.2625


						233.30			0.2700


						233.30			0.2700


						233.30			0.2700


						233.30			0.2700


						233.30			0.2850


						233.30			0.4050


			21H-7, 43-45 cm			239.38			0.2775			0.2250			0.3750


						239.38			0.3300			0.3300			0.3900


						239.38			0.3375


						239.38			0.3000


						239.38			0.2850


						239.38			0.3150


						239.38			0.2400


						239.38			0.2325


						239.38			0.3000


						239.38			0.2625


						239.38			0.2550


						239.38			0.3525


						239.38			0.3825


						239.38			0.4200


						239.38			0.3600


						239.38			0.3900


						239.38			0.3750


			22H-5, 43-45 cm			247.10			0.2400			0.3075			0.2325


						247.10			0.2625			0.2700			0.2100


						247.10			0.2850						0.2025


						247.10			0.2850						0.2250


						247.10			0.3300						0.2550


						247.10			0.2400


						247.10			0.1950


						247.10			0.3600


						247.10			0.3900


						247.10			0.3600


						247.10			0.4350


						247.10			0.3900


						247.10			0.3150


						247.10			0.4050


						247.10			0.4050


						247.10			0.3750


						247.10			0.4350












