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A STUDY OF SOME PRIMX"ErWE NEOSCHWAGERXNA
      BY A NEW SEREAL SECTXeN TRCHNXQVff

                                By

                          Susumu HONJO

          Contribution £rom the Department of Geology and Mineralogy,
               Faeulty of Seienee, Hokkaido University, No. 796

    Abstraet. A new serial section method whieh is a eombination of
etehing by inorganic salt so!utioR and the Bioden yeplica teehnique has been

invented for use to study the mierostrueture of fossiis. The fiyst tria} of

the teehnique kas been rnade on some pximitive neoschwageyinids sueh
as MinoeZla eonippaonica [EIoNJo, M. nipponica (OzAwA) and Neoschzvage-
7'ina si7n2)lex OzAwA. Some interesting results obtained frorr} that study

are illustyated for yeference in respect to the elassifieation of neo-

schwageyinids.

                        Previous Techniques

    There are seveyal essential pyoblems in the serial section technique

of calieified fossils. The first is how to grind fossils sueeessively main-

tainiiag the parallelism, seeond, hovgr to manage the ground fossil surface,

and the last is how make a perrnanent yeeoyds of the surfaee.

    According to CRoFT (1950) , a dozen different instifuments for parallel

grinding have been deseribed within t,he last half eentury. The general
prineiples of construetion of payallel grinding appayatus "vyTere fiyst used

by crystallographers (WuLFtiNG 1890, ete.). [I]hose priiieiples were first

introduced into paleontology by SoLLAs (1903) and have been follovvred

tmtil recent}y by many pa}eontologists.

    Recently, CRoFT (l950) invented a very preeise instrument. It is a
eombination of the large micrometer ef ZDANsl<I (1938) and a, tyipod with

slidiRg speeimeR holder. Aecording to him, fossils can be gyound at exaet

intervals dowR to ten microns. A coneise review of previous instruments

aRd details of his method are described in CRoFT (195e). Readers are
referred to that work.

    The peel method has beeR used to record the etehed surface per-
maRently. Pee} so}ution is viscous and generally composed of a. mixture
of aeeton a,nd amyl aeetate with eelluleid melted in. It was first employed

by paleobotanists, and later, paleontologists have used the technique with

a combination of serial grinding tec}miques,



    The disadvantages o£ the oydinaify peel method were that the solutioR
takes a Iong time to dry aftey it is drlpped on the surface, and that dyied

peels keep many small bubbles. BuTLER (1935), a paleobotanist, invented
the celluloid film method to avoid those disadvantages. The princlp}e of

his method is that on a piece of thin eelltiloid which is covered with aeeton,

the speeimen is firmly pTessed against £he eelluloid, etched surface down.
This technique is more exeellent than the ordinaTy pee} method. STERNBERG

and BELDiNG (1942) applied this method i"- mieropaleontology, espeeially

to their study of bryozoans; they gave this method a new Bame "dry peel

technique." ReceRt MoRmAwA's SUMP method (1955) is a appiication

of this method. He has studied Japanese schwagerlnid £usulinids by this
technique with considerable success.

    Although the parallel griRding rnethod and reeordiAg technique have

beeii gradually improved what is deseribed above, the etehiRg teehnique

seems to have beeR kept Rt the begining. Dilute hydyochlorie aeid or
organic aeid, Iike aeetie aeid, has been slrnply used foy the last half

eentury. IE{owever, the etching of a gyoLmd or polisheCl surfaee seexRs to

be the rr}ost impoytant key to reveal the inside miero-texture of fossils.

    Many workers have employed serial section technieques eombining
those three l{iRds of techAj.ques in various ways. They are eonvenient
for the study of rather coarse structvty.e of fossil. E[owever, exk'ernely fine

textures in fossil aTe almost impossible to be removed into repliea by them.

It may be caused by the instability and excess ability of etching soiution,

and want of plasticity of eelluloid which are tised iR them.

    A new serial section metkod which is a cornbination of etehiRg by
i"organie salt solution aikd Bioden replica technique has been deve}oped

by the author. The hydrogen ion, whieh is produced by the hydro}ysis
of inorganie salt of strong aeid and weak base makes very fine relief of

microstructure of organism without destroying them. The salt solution

keeps constant pH during reactien. Speeially prepared plastlcs mem-
bra,nee, Bioden RFA" makes preeice repliea of the etched surface, and
it takes oRly a few seeonds to dry.

    When a pieee of treated Bioden replica is highly magRified under
microseope, figures whieh are presented in the replica have eRough shade

contrast and resolviRg power. Photomierographs of them are elear as
well as those from thin seetioAed preparation,

'" '"i'l'ig i{e'v'Lr--II{l'Ntt'o--li'E5b i]6's'I'tl"ie repliea method" for electron microseopie observation

using plastie material of high swelling charaeter, was cleveloped by Ful<AMi, A., (1955) .

"Bioden RFA" is the trade name of the speeial acety]cellose film which is used for
the first step replica in this method.
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    Results which kre deseribed in this paper have been obtalned by
this technique. Details of the new technique will be explained in a

separated paper.
    The intervals of seetloning are required to be Iess than ten mieroRs

in this study. CRoFT's appayatus with a. more improved micyometer is
applicable for such puypose. In the present study, tke abyaded amount
was estimated by a speeially prepayed rnieroseopic attaehment whieh is

applied simple eleetronies following ordiRary abrasioR, '
    Some new knowledge en the textuye of primitive neosehwagerinids,
vLThich has been obtained fyon3 recent study, are disctissed below.

                           Axiai Septula

    It is not the aim of this report to mention the differenee in bioeharac--

ters between different species oi" primitive neoschwagerinids. The strue--

ture of them are diseussed.

    ]V[INATO (l959) discoveyed that the axial septula may be a quite
useful bioeharacter to aid in the elassifieation of neosehwa･gerinids. He

classified axial septula into five types from the viewpoint of £he ontogeny
of neosehwagerinids (text-fig, 1). Detalls of the study and the appUeation

of the result to the l}hylogeny of Reosehwagerinids a,re available iT} MiNATo

and HoNJo (1959).
    There was some question as to the stability or eontinuity of axial

o

`

$

Text･Fig. 1. Five axial
  of neosehwagerinid these
  The most advaneed type whieh

  bioeharaeters to neesehwagerinids.
  o£ Cancellina p7'imigena HAyDEN is expressed a$ i, Gzf2t,ella gtf
  l+s, and Yabeina katoi OzAwA, 61-i-s.

  of each speeies in eoneise Iogarithmie formula.

  rinids has been systernatized on

   v
types of

  into

 classify

               `

septula. MiNArro distinguished axial septula

five types from the viewpoint of the ontogeny.

 is fennd in a speeimen is one of the best

           For example, the axia} septula

               ' '2eensis HoNJO,
       Also MiNATo expressed the ontogeny

           The phylogeny of neoschwage-

 the basis o£ those formula.



septula in axial direction. This teehnique will mueh contribute to such
study. One of the examples is illustrated in text-fig, 2.

    In the No. 16 seetion ef text-fig. 2, a seeond axial septula in embryonic

state is foulld. Very slight swelling of keriotheea appears near traRsverse

septula, and the primary axia} septula developes at the side of it. This

embyyonic axial septula does iiot oeeure at all in the middle part of the

vault of. the cha.mberlet.

                         Transverse Septttla

    The differenee in the shape of transverse septula for each species of

neosehwageyinids is very interesting from the viewpoint of the e}assifica-

tion and phylogelty. The present author has c}assified neosehwagerinids
frona the Akasaka lirr}estone, central Japan, chiefiy on the basis of differ-

ences of the ontogeny of transverse septula and discussed the evolutional

importanee of thern (HoNJo 1959, MiNATo and ]IIoNJo, 1959).
    As is elear from plate 2 and 3, the shape of the traRsverse septula
difiiers IR eveyy seetion, theyefore when the shape of those parts of a

species is used for eompaTison with other speeies, one should define the

staRdard seetion of ehamberlet.

    In plate 2 and 3, a pare of serial axial sections of a chamberlet

o£ Minoella nip?)onica (OzAwA) arG displayed. Three volutions with
three spirotheca are seen in eveTy mierophotograph of difrerent parts
of seetions. Three sets of transverse septula and correspoltding para-
chomata are fouiid in eaeh voltition. The change of the shape of traRsveyse

septula in the 10th volution (upper most vo}ution in each section) is de-

scribed bellew.

    Sec. 1. In the initia} stage of serial seetiolting of this ehamberlet,

   'Text-ii'Ig. 2. part- oS a 'continie'{is'serie's' ' /tf sagltlal' seetlon l'hi'6'ugil 'a 'e'hEIi{ber '"

      of Minoella eonip2)onicec HoNjo, at intervals of 8 mierons. The illustTated

      ehamber was adopted without any particular intent from the ninth volution
      of a "Tell oxiented specimen. ax; an axial septulum, sp; septa, lp; lateral

      passage, fm; foramina. Drawings by projeetor. Minoella eonim)onica is
      one of the most primitive neoschwagerinids having V type of axial septula in

      the most developed chamber. In the eontinuous series of sections above il-

      lustrated, an axial septu]um whieh bisects the spirotheca keeps V shape in

      Seetion 1 to 9 and 17 to 19. When the seetion was eut through or near
      transverse septula, the transverse septula vanished. Table l presents mea-

      snrements of the thinnest portions of l<eriotheea at a point indleated by two

      smali arrows in Seetion i of this text-figure. The thicl<ness of the l<eriotheea

      of M. eon'ipponica i]s' the least among neosehwagerlnids, the same as that of

      Cave,cellina pri?nigena HA¥DEN or Gifuella a??zieu,la HoNJo,
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         t-he transverse septula a,re'conneetion with the eorrespoRding
         parachomata. Parachomata are veyy large in this section; eaeh

         paraehomatum touehes the next one by foet,
    Sec. 2. The Iewer ends of transverse septula aye still eonneeted with

         paraehomata,, but have beeome mueh nayifower.
    See. 3. The axial section of transverse sepeula seems to take the
         form of smal} eqtiilateral triang'Ies. The tops ef the transveuese

         septula and payachomata touch at a point. Paraehomata become
         small.
    Sec. 4. The size of tTansverse septtila is suddenly redueed to merei,y

         s}ight swellings of keriotheca. The tTansverse sep£ula and paya-
         ehoma.ta are separa,ted by a certain distanee. The･height and

         width of the payaehoma,t･a are at their minimum in this section.

    See. 5 & 6. Transveyse septula and pa･rachomata aye stil} separated.

         Both transverse septula and parachomata aye very small. Espeei-

         ally in Section 5, the lower surface of keriotheca is almost fia.t.

    See. 7. The transverse septula and paraehomata corne elose again.
        Parachqmata become large, especially, the wldth of the top of
        the parachomata has beeome wider than that of the root. And
        at Iast, two adjaeent parachomata teueh eaeh other by their
        sides. A slight aperture between them beeomes a foramina.
    Sec. 8. The keyiotheca extend into the top of conneeted parachomata.

        Eaeh alveolum sta･nds parallel eaeh of the otheys. This is the
        lateral seetion of septa.

    Sec. 9. The lower surfaee o£ keriotheea is not straight but waved.
        The diameter of fora･mina･ is the minimum in this seetioR. This

        section runs a}mest thyough the eenter of the septum.

    Sec. Ie. Foyamina are iRereased in size. The black line is the
        tectum of neighbouriitg eharnbey}et. The styuetuye which is seen

        in this seetioii is sehematieally illustrated in text-fig. 3.

    Sec. 11 & 12. The section has alveady passed the septa. The shapes

        of transverse septulfi and parachomata beeome like those of
        Seetion 1.
    CompariRg the shape of transverse septula wit-h those of other species,

they should not be ignorant of sueh solid idea of the inside structure.
The state of Section 4 or 5 should be yegarded as the standard in classifica-

tion. In those seetioRs the transverse septula aye at the minimum in
size. The Section 3, iA which the transverse septu}a touch with paracho-

rnata by a point, is good for a yeference beside the standard.

    A seeondary transve}'se septulLim is first foLmd in the yight part of
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of the 9th volution of Seetion 3, plate 2. IE]he coRtinuous series of that

septulum is presented in Seetion 6 to 12. When the section is eut near

the centey of the vault of the ehamberlets, it is not seen. In more advaneed

neoschwagerinids, seeondary transverse septula are found where the
spirotheea is minimum is thickness.
    On the so called "trabeculus" of neesehwageriRids. DouTKEvlcH
aiid KABAKov reported "trabeeulus" in NeosehwageTina c7'atiezelife7'a var.

haydeni £rom Pamir. Aecording to the serial seetion observation by the
preseRt author, trabeculus seem to be foymed neay the septa of any
i}eosehwagerinids.
    Both sides of septa, especially the fyont side are eltgraved by two holes

whieh are between two adjaeent septula. The upper hole is formed by
the coBeaved keyiotheea. The }oweT hole is boyed into the basal deposit
which is attaehed to the septa. The constrieted payt of this hole is cai}ed

the foraminum.
    Therefore, lf the section is eut very near the septa, those two holes
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Text･Flg. 3. Diagram to illustrate septa. Septa are £ormed vLrhen tectum (t),
  as well as keriotheea (k), bend down inwardly. The next ehamber begins at

  the front of the septa. The lower margin of septa is covered by the thick

  eoneentration of basal deposit (d), and eonneeted with the tectum o£ the
  inner volution. The lower part of this deposit is peTforated by foramina (fm).

  Foramina never cut the teetum. When a transverse section･cuts a ehamber

  through A plane, a figuTe is presented as Seetion 7, when B, as Section 8 or

  Seetion 9, when C, as Seetion 10, and when D, it is presented as Seetion 4,

  Section 5 or Seetion 6 of p]ate 2 and 3. (The 10th volution), respectively.

  In Seetion 10 of plate 3, waving dark line xuns paTal}el with the teetum.

  The uppeT line is the seetion of the tectum (p), and the lower is bent tectum

  of the former chamber (p'). Ex is the swelling of the basal deposit develop-

  ing around the entrance of foramina. The upper half of the front side of
  septa seems to be sunl< (Ev).
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are £ound in the same section sepayately, as it is seen in the 9th volution
of Seetioii 2 of pla,te 2.

    When the section is eut through at a little distanee fyom the septa,

those two holes are coimection into oRe, and the upper part of the para--

chomata seems to be extended laterally, as is seen in the 9th vo}ution of

Section 3, plate 2. The trabeculus is such an extended part of para-
ehomata (text-fig. 3).

Proloculus

    The megaspherie neoschwagerinids pveo}oculus is a miRute, common!y

subspherical ehamber with a single rotmd aperture in oRe side to which

is attftehed a lellg proloeultis £ube developing to the center of the proloeulus.
The aperture opens in the equiatorial dixectioA, Iik fig. a and fig. b of

plate l, the lateral sectiens of the pyoloculus tube aye found. The real
size of the pyoloeulvts tube of neosehwa･gerinids has beeia for the first time

estimated by this sexial seetion method (text-fig. 4).

$

s '
A

t

T
J
l
a
P

3

'rext･Fig. 4. Diagramatie equatorial section through

  pi'oloeulus and part of first volution of a meg-

  aspherie individual. P; proloeulus, A; proloculus

  aPerture, T; proloeulus tube. Commonly the first

  ehamber of a primitive neoschwagerinid and of
  GifteeZla is eomparative]y large. It may be noted

  that the axial section of the first ehamber (Sec-

  tion s) has a round eontour. Therefore, sometimes

  it is easily eonfused ivith the seetion of the pyo-

  loeulus in thin a.xial seetion. In the axial seetion

  s', the lateral eentour of the proloeulus tube,is

  figured (fig. a, plate I).

    DuriRg the study of fusulinids, the exact measurement of the pro-
}oculus is required. llowever, it should be remarked that this property
in this seetioned preparation is easily infitienced by aeeidental errors

(Il[oNJo, i959). By using the seyia} seetion method, the worker can easily

learR the real diameter of a proloculus with least eTror (fig. c, plate 1).

    In some axial thin section of primitive neosehwagerinids, the seetion

of the first ehamber is presented as a cirele quite eonfusedly with the

real seetion o£ a pyoloeulus. Workers should be carefui in Tespeet to
such ineorreet figure of the proloeulus.
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                            Spiretheca

    Thickness of spirotheca. The tkiekness of the spirotheea is not eon-

stant in the same ehamber. Observing the ehange of the thickness of

the spirotheca in text-fig. 2, one sees that £he spirotheea is thinnest at
Section 3. 0n the contyayy, when the sectlon seems to eut the center of
transverse septula which are developing pawa11el to the seetion, the kerio-

theea reaches alrnost half of the height of the ehamber and the lower
surfaee is touehed by a lewey deposit.

    The following table presents £he thickness of the spirotheca as
measured in each serial yepliea illustrated in text-fig. 2.

                             [liiABLE I.

                  1
              Thickness of    Section              Spirotheea

      ls 11
      2. 13
      3. 8
      4. 15
      5. 13
      6. 18
      7. 13
      8. 14
      9. 13
      10. 24
      l2. 38
      12. 65
      13. 19
      14. 28
      15. 13
      16. 17
      17. 10
      18. 10
      19. 13
      20. 18
      21. 14

    The numbers in
portions (iRdieated by
the left and the i'ight

Columns 1' and 2'
in each section in

   eolumns
     small
    area of
repyesent the

proportions

    2

Pereentage

   17
   21
   1,e

   23
   19
   27
   19
   22
   19
   37
   58
  100
   30
   42
   19
   26
   15
   15
   19
   27
   22

1 and 2

aryow
the axial

that of

      are
    marks
       septu!a
percentage
     SeetioR

     lt 2'
Thiekness of              Pei'eentage Spirotheea

    14 22 ""
    l8 28    13 21    11 17    13 2i    10 15    13 19    16 24    12 18    20 31    l7 26    14 23    17 26    17 26    l7 103
  32 29 49 45
    15 23    16 24    le 15    17 26    19 30
the thiekness of the t･hinRest

 in Seetion 1, text-fig. 2) in

    in microns, respectively.

o£ the thickness of spirotheea.

  12.



    As is cleay in this table, the thiel<ness of a splrotheea ehanges by a

Iarge margin even within the same chamber. geuyther, it similayly ehanges

in transverse section as a yesult of the infitienee of axia} septula and

septa. Workers should be very eareful of the real thiel<ness of the thinnest

portion and the apparellt thicki}ess.

    The thiekRess of the keriotheca in relation to Iateral change rrieasured

in three different vo}utions aye plotted in text-fig. 5.
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     1['ext･Fig. S. Graph showing the transition of thicl{ness of the thinnest portion

       of a keriotheea of Minoella eon'ip2)onica, measured in sagittal seetion, in

       microns. Two peaks of eaeh curve represent transverse septu]a. Ifasecon-

       dary transverse septulum is developed in a ehamber, three peaks would be

       seen. The values corresponding to mi are true "thiekness of the thinnest

       portion of l<eriotheca". a: measurement in a ehambev ef the tenth volu-
       tions; b: eighth volution; e: third volution.

    Alveolar structure of the neoschwagerinids. Using the ordiRary
method of etehing by a comparatively aetlve acid, it is very difficult or

impossible to secure for observatioR the real figures of extremely fine

textures Iike the alveolar textuye of neoschwagerinids or verbeekinids.

    A thilt section o£ the spirotheea, whieh cut a specimen in alt axial
direction, is a}so tmsuitable for sueh study. As ilhistrated in text-fig. 6,

a microscopie figtire of alveoli in tyansveyse or axial thiii seetion in the

eontrast of the total of the opaque and tyaRsparent parts of the spirotheea.

This can be understood when the focal depth of an ordinary microscope
([I]able II) and the thickRess of an alveoltis which is geReyally l.5 to 3.5

rnierons(Ft), are compared.

    In other words, a mieroscopie figure does not repz'esellt the outline of

one alveolus, but e£ several, By pyeparkig an extremely £hin seetion, or
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    Text･Fig. 6. Diagram illustrating the infiuenee ef thickness of thin seetion upon

       mieroscopic figure of fine texture in spirotheea. The upper diagram is
       the longitudinal section of a keriotheea through p-p. B is thin seetioned

       sample eovered with cover-glass A, and deek-glass C. The mieroseopic figure

       is the total of all shadows which are inside of focal depth of microseopie lens.

       For example, £-d is the foeal depth when 10× objeetive lens and 7× ecular
       are eombined. Under a microseope whieh has sueh eombinatien of lens, in-
       dividual alveoli (al), lower tectorium (lt in text-fig. 7), ete. are mixed up in

       the l<eriotheea (K). Also lateral passages (lp) etc., are not distinct.

using an objeetive lens which has short foeus, one can avoid this infiuenee

of thiekness, however, £he shade eontrast is much redueed and almost
non-observable by ordinary microscope. (If the thin section whieh has
been cut Royma!y to alveoli is available, the thickness of eaeh alveolus

will be measurable.)

    One of the advantages ef this new peel technique lies in the £act that
the etehing solution etches the polished surface very mildly to make
slight relief, and the Bioden peel eove!"s every noek and corney of the

relief exaet}y.

    Aecording to the new peel and thin sectiofi observation by special

method, the alveo}ar texture of those primitive Neoseh2vage7'ina dees not

                              [I]ABm II.

Objeetive Lens

N.A.: nunierieal

   10×
   40 ×

  100×

aperture.

Ocular

(N. A. O.25)

(N. A. O.70)

(N. A. 1.25)

4×

 36 pt

3.3 Lt

O.83 Ft

7×

 21y
1.9 ft

O.42y

10×

 15 pt

1.3 Lt

O.29 pt

15×

 10 pt

O.9 Lt

O.19 pt
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     Text-Fig. 7. Diagram of a part of an axial seetion of a
       repliea, Neosch2vageriw･a si?nplex. Eaeh alveolus (al,

       natural) stands separately from others, some lower part of

       out of the Iower teetorium (lt>. Lower teetorium does not

       alveolus. C: ehamberleteavity; t: teetum. Asis seen in
       bend in both axial and sagittal planes. Alveolar divergency

       plane is expressed in this diagram.

consist of closely piled tubes,

others. Some lower parts of the alveoli stiek out o£ the
which covers the lower surface of t-hG spirotheca. [I]he

alveolus opens to a ehamberlet (text-fig. 7.).

    Alveolar divergency. In tyansverse septula and
alveolus bends independently to the left and right sides

transverse septula oy seeondary transveyse septula,

<"rt

l
t

 volution in Bioden

slightly larger than

  the alveoli stieks

   seen inside of an

  text-fig. 2, alveoli

   only in an axial

while each alveolus stands separately frem the

                            lowey teetoyium

                          Iower end of each

axial septu}a･, eaeh

  of axial septu}a,

without additional

a

b

th---hajd ): lrextpFig. 8. Diagram i}}ustrating alveolar diver-

  gencies in different seetions. a: A trapsverse

  seetion which is eut through the eenter of a

  lateral passage. Alveoli bend slightly. Asthe

  seetion approaches to septa which develop paral-

  lel te the seetions, a transverse septulum beeomes

  large, long, and is connected with paTachomata.

  In such seetions, alveolar divergeney is large

  (b), Espeeially, in seetien e, alveoli bend more

  and more to beeome parallel with the tectum.

c
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alveoli. This phenomeno" has been deseribed by various authors
(THoMpsoN l942, et,c.),
    Alveoli always stand normal to both teetum and the tangeAt of the
vau}t of ehamberlets a,t the inside of keriothee.a. It is very interesting

that eaeh alveo}us stieks out of lower teetoriuyn ; sorrietirnes the pyojected

portions of some alveoli bend raoye and more, and they become para,llel to

the sur£ace of the spirotheea,
    The angle of bent alveoli to the noymal of the teetum "Thieh is mea-

sured within lower tectoyium is called alveo}ar divergency. Employing
thls technique, the present author tyaced the change ef' alveolar divergency.

As is shematieally illustrated ln text-fig, 8, aeeording as the transverse

or axial septula become longer, alveolar divergency increases.
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Figs.

Figs.
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d

                  Explanation of Plate I

             AII fignres are unretouched photographs.

b and c. Part of a continuous seTies of seetions through Minoella･ oti2)2)o7zica

(OzAwA) in Bioden replica. Axial sections. Ground at intervals of 5/10eOmm.

Notice at the change of the contour o£ the proloculus in each seetion. ×15

and e･ Sagittal sections of Neosehwagerina Minoella eonipponica gonjo in Bio-

den repliea. Ground interval between Fig. d and Fig. e is appToximately

2011000mm. ×37
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                 Explanation of Plate II and III

                 AII figures are unxetouehed photographs.

  Part of a eontinuous series of seetions thxough the ninth volution

nipponica (OzAwA) in Bioden replica. Axial seetion. Ground at
le!1000mm. See ``transverse septula" in the text. xap. 90

of nvnoella

intervals ef
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