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Seedling  characteristics  in  the  Casuarinaceae

Robin  Hwang  and  John  G.  Conran

Abstract

Hwang, Robin ! and Conran, John G. 2 ’ 3 (IResearch Division, National Museum of Natural Science,
Taichung, Taiwan; 2 Department of Environmental Biology, The University of Adelaide, SA, Australia 5005;
3 author for correspondence) 2000. Seedling characteristics in the Casuarinaceae. Telopea 8(4): 429-439.
Seedling  characters  and  their  distributions  within  the  genera  of  the  Casuarinaceae  and  their
sections are described for 45 taxa in the family representing three of the four genera and all 14 of
the currently recognised sections in Allocasuarina. The cotyledons in Gymnostoma are petiolate, a
feature absent from the other taxa examined. There were no obvious genus-level seedling features
distinguishing either Casuarina or Allocasuarina, although red-purple cotyledons at senescence are
common in Casuarina but rare in Allocasuarina. Several features are informative at the sectional level:
suppression  of  secondary  cotyledon  branches  is  only  found  in  Allocasuarina  sects,  Oxypitys,
Platypitys, Echinopitys and Ceropitys, as were abortion of the primary shoot and divergent tooth
apices, the latter two characters otherwise found only in A. monilifera and A. microstachya. Seedlings
of sect. Ceropitys showed a distinctive growth habit making them look like Lycopodium shoots with
outgrowths resembling microphylls.

Introduction

The  Casuarinaceae  are  an  unusual  family  of  dicotyledons  from  SE  Asia,  Australia  and
Oceania.  Within  the  Casuarinaceae  there  are  four  genera  and  about  80  species  of  which
three  genera  and  66  species  occur  in  Australia,  most  of  which  are  endemic  (Johnson
&  Wilson  1993).  Bentham  (1873)  classified  the  species  largely  on  cone  bracteoles
(valves),  whereas  Diels  and  Pritzel  (1905)  emphasised  features  of  the  vegetative
branchlets.  Modern  relationships  in  the  family  are  based  largely  on  Poisson's  (1874)
division  of  Casuarina  sens.  lat.  into  the  Gymnostomae  (=  Gymnostoma)  and  Cryptostomae
(the  remainder)  using  stomatal  features.  Barlow  (1959)  divided  the  Cryptostomae  into
'Group  A'  and  'Group  B'  based  on  cytology,  and  Johnson  (1982)  expanded  Barlow's
ideas,  establishing  Allocasuarina  for  Group  B  with  Group  A  representing  Casuarina
s.  str.  The  Gymnostomae  were  raised  to  generic  rank  as  Gymnostoma  (Johnson  1980)  with
c.  18  species  from  SE  Asian  wet  tropical  forests,  and  Ceuthostoma  for  two  Malesian
Gymtwstoma-like  species  which  lack  a  broad  bract  under  the  bracteole  pair  and  which
possess  antrorse  anthers  and  very  long-bracteolate  cones  on  long  branchlets
(Johnson  1988).

There  are  three  genera  in  Australia  (Wilson  &  Johnson  1989):  Gymnostoma  has  a  single
extant  native  species,  although  fossil  evidence  suggests  that  the  genus  was  much  more
diverse  during  the  Eocene  (Christophel  1980,  Scriven  &  Christophel  1990)  and
Palaeocene  (Scriven  &  Hill  1995).  Casuarina  has  six  widespread  native  species,
generally  on  fertile  soils,  whereas  the  endemic  Allocasuarina  with  14  sections  and  60
species  is  frequently  associated  with  nutrient-deficient  soils  (Wilson  &  Johnson  1989).
Although  many  Allocasuarina  sections  are  mono-  or  oligotypic,  most  species  belong  to
sect.  Cylindropitys  (29  spp.)  or  sect.  Ceropitys  (nine  spp.).  Cylindropitys,  in  particular,
consists  of  many  closely  related  taxa  thought  to  represent  a  recent  evolutionary
radiation  (Wilson  &  Johnson  1989).
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Cytology  and  karyotype  (Barlow  1959,1983)  support  several  of  the  fruit,  bracteole  and
samara-based  subdivisions  in  the  family  (Johnson  &  Wilson  1989).  There  are  also
studies  detailing  pollen  (Kershaw  1970),  anatomy  (Williams  &  Metcalf  1985),  stem
morphology  (Torrey  &  Berg  1988),  17  stem,  tooth  and  stomate  characters  in
Gymnostomci  and  the  other  genera  in  the  family,  especially  as  fossils  (Scriven  &
Christophel  1990,  Scriven  &  Hill  1995),  and  22  vegetative,  stomatal  and  reproductive
characters  for  extant  genera  (Dilcher  et  al.  1990).

De  Candolle  (1846)  stressed  the  taxonomic  value  of  seedling  morphology.  Seedling
characters  were  deemed  useful  in  angiosperm  classification  (de  Vogel  1980),  especially
if  adult  material  was  difficult  to  obtain  or  the  plants  had  long  life  cycles.  Clifford  (1991)
and  Li  and  Hsieh  (1997)  observed  that  members  of  the  same  genus  often  have  similar
seedling  characteristics.  Leonard  (1957)  advocated  that  there  should  be  only  one  type
of  seedling  in  a  'good'  genus,  and  that  genera  should  differ  significantly  in  their
seedling  morphology.  Nevertheless,  Weberling  and  Leenhouts  (1966)  proposed  that
genera  should  not  necessarily  be  divided  on  seedling  variation.  Conran  et  al.  (1997)
found  that  for  some  taxa,  seedling  characters  were  more  useful  at  subgeneric  and
sectional  levels,  rather  than  generic.

Boodle  and  Worsdell  (1894),  commenting  on  the  higher  level  relationships  of
Casmrim,  included  seedling  information,  and  Duke  (1965),  Burger  (1972),  Torrey
(1983)  and  Boland  et  al.  (1984)  described  or  illustrated  seedling  morphology  for  a
number  of  Casuarinaceae  species.  Their  listed  characteristics  included  root  colour;
lateral  root  abundance;  hypocotyl  position  against  the  soil;  hypocotyl  colour  and
length;  cotyledon  shape,  index,  attachment,  apex  and  base  shape,  adaxial  and  abaxial
colour,  texture  and  indumentum;  epicotyl  length  (first  internode  above  the  hypocotyl),
stem  straightness;  number  of  leaves  (teeth)  per  whorl  and  tooth  shape,  colour  and
length.  Unfortunately  data  were  provided  for  few  taxa,  and  generally  without
systematic  sampling  within  the  family.

This  present  study  investigates  seedling  morphology  in  the  Casuarinaceae,  comparing
the  results  against  the  current  classification  of  Wilson  and  Johnson  (1989)  and  the  adult
morphology-based  studies  of  Dilcher  et  al.  (1990)  and  Scriven  and  Hill  (1995)  to
examine  the  distribution  and  usefulness  of  seedling  features  in  the  family.

Materials  and  methods

Seeds  from  123  provenances  representing  eight  Casmrim  and  34  Allocasuarina  taxa
were  obtained  from  various  sources  detailed  previously  in  Hwang  and  Conran  (1991).
The  seeds  were  soaked  overnight  under  running  tap  water,  and  germinated  on  wet
cotton  wool  in  an  unheated  glass  house  (temperature  range  10-35°C)  under  natural
lighting.  Casuarinaceae  seeds  germinate  readily,  mostly  in  15-30  days  at  20-25°C
(Elliot  &  Jones  1982),  and  most  species  benefit  from  daily  exposure  to  light  during
germination  (Turnbull  &  Martensz  1982).  Pre-soaking  the  seeds  in  water  for  24  hours
improves  germination  rates  (Kuo  1984).  A  summary  of  the  germination  features  for
Australian  Casmrim  and  Allocasuarina  species  is  given  in  Hwang  and  Conran  (1991).

Germinated  seeds  were  planted  40  mm  apart  and  10  mm  deep  in  drained  plastic  trays
with  an  unfertilised,  unsterilised  2:2:1:1  soil  mixture  of  coarse  river  sand,  fine  pine
bark,  red  mountain  soil  and  grey  sandy  loam.  There  were  15  columns  x  7  rows  per  tray,
with  21  seedlings  per  provenance.  Average  seedling  survival  per  provenance  was  18.8
(range  1  to  21),  and  the  seedlings  were  grown  and  observed  for  3  months  with  daily
watering.  With  the  exception  of  ephemeral  or  developmental  characters,  data  were
recorded  from  three  month  old  seedlings  and  scored  as  the  average  of  all  surviving
seedlings  for  each  taxon.  Data  for  Casmrim  junghuhniana  Miq.  were  taken  from  the
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published  description  of  its  seedlings  by  Burger  (1972).  Seedling  data  for  Gymnostoma
australianum  L.  Johnson  were  obtained  from  plants  grown  from  seeds  collected  at
Noah  Creek  (Qld)  by  Dr  D.C.  Christophel  and  used  in  a  study  by  Prider  (1998).

The  seedling  characters  and  their  states  were  recorded  as  follows:

(1)  Primary  roots  red  (1)  or  white  to  yellowish  (0).
(2)  Cotyledon  orientation  in  relation  to  the  stem  apex  (Fig.  la):  level  (0),  ascending  (1)

or descending (2).
(3)  Cotyledon  apex  shape  (Fig.  lb):  rounded  (0),  obtuse  (1),  acute  (2).
(4)  Base  of  the  cotyledons  (Fig.  lc):  not  markedly  constricted  (0),  constricted  (1),

petiolate (2).
(5)  Cotyledon  shape  in  cross-section  (Fig.  Id):  flat  (0),  slightly  convex  (1),  convex  (2).
(6)  Colour  of  senescing  cotyledons:  yellow  to  light  brown  (0)  red  purple  to  dark  rust-

red (1).
(7)  Cotyledons  pubescent:  absent  (0),  present  (1).
(8)  Number  of  axillary  branchlets  developing  in  the  cotyledons.
(9)  Cotyledonary  axillary  branchlets:  only  developing  after  those  of  the  primary  stem
(1)  ;  developing at  the same time as  the primary  stem (0).
(10)  Epicotyl-base  colour:  green  to  yellow  (0)  or  red  to  purple  (1).
(11)  Primary  shoot  orientation  (Fig.  le):  erect  (0),  slightly  curved  (1),  strongly  curved
(2)  or  recurved/curled  (3).
(12)  Primary  branching  (Fig.  If):  simple  (0)  or  compound  (1).
(13)  Node  number  on  the  main  shoot  at  which  branching  first  occurs  (Fig.  lg)
excluding  the  cotyledonary  node.
(14)  Axillary  branch  supression  zone  (Fig.  lh):  absent  (0);  present  (1).
(15)  Primary  stem:  developing  normally  (0);  suppressed  and  replaced  by  cotyledonary
or basal lateral shoots (1).
(16)  Lateral  branchlets  (Fig.  li):  strongly  curved  (1);  or  straight  (0).
(17)  Number  of  teeth  primary  shoot  node  15.
(18)  Tooth  bases  on  lateral  branchlets  (Fig.  lj):  imbricate  (1);  valvate  (0).
(19)  Lateral  branch  tooth  apices  (Fig.  Ik):  closely  appressed  (0);  or  with  loosely
attached,  spreading,  or  divergent  apices  (1).
(20)  Seedling  growth  form:  stems  jointed  but  without  obvious  microphyll-like
protrusions  (0);  strongly  resembling  Lycopodium  shoots  and  having  the  appearance  of
bearing  microphylls  (1).

Results

The  results  characters  are  summarised  in  Table  1.

The  primary  root  (character  1)  was  red  in  Gymnostoma  and  the  majority  of  Casuarina
and  Allocasuarina  sects  Allocasuarim,  Cylindropitys,  Nannopitys,  and  Trichopitys,  while
Allocasuarina  sects  Dolichopitys,  Echinopitys  and  Oxypitys  had  yellow-  or  white-rooted
seedlings  although  both  colour  types  were  represented  in  most  sections.

The  cotyledon  orientation  (2)  was  horizontal  in  the  majority  of  the  taxa  examined,
except  for  A.  acutivalvis  and  A.  paradoxa  where  it  was  descending,  and  A.  thuyoides
where  it  was  ascending.  Tire  cotyledon  apex  (3)  was  usually  rounded,  although  it  was
obtuse  in  four  species  of  Allocasuarina,  mostly  in  sect.  Cylindropitys,  and  acute  in  four
other  species  of  Allocasuarina.  Cotyledon  bases  (4)  were  distinctly  petiolate  only  in
Gymnostoma,  not  only  for  G.  australianum,  but  also  in  seedlings  of  G.  vitiense  which
were  grown  for  this  study  but  which  did  not  survive  beyond  the  cotyledon  stage.  The
base  of  the  cotyledons  was  markedly  constricted  in  all  Casuarina  spp.,  but  four  species
of  Allocasuarina  in  different  sections.  Cotyledon  shape  in  cross-section  (5),  although
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Fig. 1. Seedling characteristics of the Casuarinaceae, details outlined in the materials and methods,
a, cotyledon orientation; b, cotyledon apex shape; c, cotyledon basal constriction; d, cotyledon
cross-sectional shape; e, shoot orientation (bending); f, primary branches simple or compound;
g, node number at first branching; h, axillary branch sterile zone; i, lateral branch curvature;
j, lateral branch tooth bases; k, lateral branch tooth apical spread. Character code numbers are those
listed in the text.
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Sect. Oxypitys L.Johnson

A. acuaria (F.Muell.) L.Johnson
A. pinaster (C.Gardner) L.Johnson

Sect. Platypitys L.Johnson

A. luehmannii (R.Baker) L.Johnson
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A. heugeliana (Miq.) L.Johnson

Sect. Trichopitys

A. trichodon (Miq.) L.Johnson

Sect. Inopitys L.Johnson

A. inophloia (F.Muell. & F.M.Bailey) L.Johnson



Sect. Cylindropitys L.Johnson
A. littoralis (Salisb.) L.Johnson

A. humilis (Otto & Dietr.) L.Johnson
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constant  within  species,  was  highly  variable  within  the  genera  and  sections,  with  no
clear  patterns  apparent.

The  colour  of  the  cotyledons  at  senescence  (6)  differed  from  the  pattern  seen  for  roots
of  the  same  species,  and  was  divided  into  two  states:  yellow  to  light  brown  versus  red-
purple  to  dark  rust-red,  the  latter  was  the  most  common  condition  in  Gymnostomn  and
Casuarina,  and  yellow  or  light  brown  in  Allocasuarina.  Cotyledon  pubescence  (7)  was
uncommon,  but  was  observed  in  three  Allocasuarina  species  in  different  sections.

In  A.  acutivalvis,  A.  campestris,  A.  decaisneana  and  A.  tessellata,  the  interpetiolar
branchlets  (9)  always  developed  before  those  of  the  cotyledons,  and  these  were  then
followed  by  lateral  branchlets  on  the  main  shoot.  In  contrast,  only  interpetiolar
branchlets  were  seen  in  C.  cunninghamiana,  C.  cristata,  C.  obesa  and  C.  glaitca  and  then
only  developing  later  than  and  posterior  to  the  lateral  branchlets.  In  12  species,  apical
dominance  of  the  primary  shoot  was  suppressed,  with  replacement  bv  axillarv
branchlets  (15).  y  y

Epicotyl-base  colour  (10)  varied  from  green  or  yellow  through  to  red  or  purple.  As
with  cotyledon  senescence,  red  or  purple  was  most  common  in  Casuarina.  A.  torulosa
was  the  only  Allocasuarina  with  a  red-purple  epicotyl  and  cotyledons.

Primary  shoot  shape  (11)  varied  from  erect  (Gym  nostoma,  Casuarina  and  some
Allocasuarina  spp.),  slightly  curved  (various  Allocasuarina  spp.),  to  strongly  curved  (the
predominant  condition  in  sections  Echinopitys,  Ceropitys)  or  even  curled  (A.  scleroclada
and  A.  striata).  The  lateral  branches  were  also  strongly  curved  in  three  species  of
Allocasuarina  including  some,  but  not  all,  species  where  the  primary  shoot  curled  or
was  strongly  curved.  The  primary  branches  (12)  were  generally  compound,  but  simple
Tranches  occur  in  a  number  of  species,  although  there  were  no  clear  supra-specific

patterns.  Nevertheless,  simple  cotyledon  branches  were  only  found  in  Allocasuarina
sects  Dolichopitys,  Oxypitys,  Platypitys,  Echinopitys  and  Ceropitys.  The  node  number  on
the  mam  shoot  at  which  branching  first  occurred  (13)  was  also  largely  constant  within
but  variable  between,  species  ranging  from  the  second  node  in  A.  paradoxa  to  the
twelfth  node  in  A  lehmanmam  (both  sect.  Cylindropitys).  There  was  an  axillary  branch
sterile  zone  (14)  present  in  C.  cristata  and  A.  thuyoides.  In  sections  Oxypitys,  Platmitys
Echinopitys  almost  all  of  sect.  Ceropitys,  and  A.  monilifera  and  A.  microstachya,  a)  the
primary  shoot  aborts  (15),  and  the  main  adult  stem  or  stems  develop  from  axillarv
shoots  arising  from  the  cotyledon  axils,  and  b)  the  lateral  branch  stem  tooth  apices
were  divergent.  r

Node  15  on  the  primary  stem  (17)  in  Gymnostoma  was  4-toothed,  with  the  remainder
u  u,  TT  6S  6X  ,  a  ?  lined  bein  8  4  ‘  and  6-toothed  (rarely  5-toothed).  On  lateral
branchlets  the  tooth  bases  (18)  were  imbricate  in  Allocasuarina  sect.  Oxypitys  Seedlings
shoots°ofthp  C  r°  pih  J  S  :  U  P  toabout  three  months  old,  superficially  resemble
shoots  of  the  fern  ally  Lycopodium,  where  there  are  protrusions  along  the  stems  which
give  the  impression  of  micophylls  —  a  feature  also  noted  by  Torrey  (1983).

Discussion

Seedling  structure  within  the  family  is  distinctive  and  highly  derived,  reflecting  the
unusual  adult  morphology.  Accordingly,  meaningful  comparisons  with  the  seedlings
different  fl  a  ^  eS  &  r  ^  data  revealed  *  number  of  patterns  inlhe
single  cha  f  rarlL  reS  'f  G  r  M  °i  m  '  7  Se  ?  dM  %  s  '  111  P^ular,  are  readily  identified  by  the
s  ngle  character  of  strongly  peholate  cotyledons.  Casuarina  seedlings  are  not  clearlv

istinguished  from  those  of  Allocasuarina,  although  they  tend  hAave  constricted
cotyledon  bases,  and  the  senescent  cotyledons  and  epicotyl  are  generS^rTto
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purple.  Dilcher  et  al.  (1990)  and  Scriven  and  Hill  (1995)  similarly  found  that  both
extant  and  fossil  Casuarinaceae  can  be  identified  and  assigned  to  genera  on  the  basis
of  vegetative  and  reproductive  anatomy.  Red  roots  in  the  Casuarinaceae  and  some
other  families  indicate  high  levels  of  leghaemoglobin  (Martin  &  Dowd  1993),  where  it
is  linked  to  nitrogen  fixation  by  the  soil  actinomycete  Frankia  (Maggia  &  Bousquet
1994).  Although  this  is  common  throughout  the  family,  it  is  mixed  enough  in  its
occurrence  within  each  of  the  genera  and  sections  to  suggest  that  the  feature  has
limited  phylogenetic  utility  within  the  family.

In  the  Casuarinaceae,  there  are  also  several  taxa  where  the  seedling  characteristics
differ  from  those  of  the  adults.  For  example,  lateral  branch  tooth  apices  are  divergent
in  juveniles  of  sect.  Oxypitys,  but  appressed  in  the  adults,  and  appressed  in  seedling
A.  dielsiana,  A.  Iieugeliana  and  A.  pusilla  (amongst  others),  but  divergent  in  the  adults.
Similarly,  whereas  no  Casuarina  species  have  divergent  teeth  in  the  seedlings,  adult
C.  obesa  and  C.  glauca  both  possess  them,  hr  A.  acutivalvis  the  branchlets  changed
gradually  into  the  adult  form,  whereas  in  A.  campestris  and  A.  tessellata  one  or  a  few
axillary  shoots  develop  directly  with  adult  morphology.  Torrey  (1983)  also  observed
that  adult  branchlets  develop  after  about  10  cm  of  juvenile  growth,  but  in  A.  acutivalvis
there  can  be  reversal,  where  adult  shoots  revert  to  the  juvenile  form.

A  phenetic  analysis  of  the  Casuarinaceae  by  Hwang  (1989)  using  the  characters
described  here,  plus  a  series  of  growth  rate-related  characters  found  that  there  were
several  distinctive  species  assemblages,  representing  in  decreasing  order  of
dissimilarity:  Allocasuarina  sect.  Oxypitys-,  a  mixed  group  from  Allocasuarina  sects
Ceropitys  and  Echinopitys;  Casuarina  sens.  str.  plus  Allocasuarina  torulosa  (Aiton)
L.Johnson;  and  then  three  groups  consisting  of  mixtures  of  taxa  from  the  remaining
Allocasuarina  sections  sampled  (see  taxa  listed  in  Hwang  &  Conran  1991).

Prider's  (1998)  viability  and  embryological  studies  of  Gymnostoma  australianum
demonstrated  that  the  majority  of  the  samaras  produced  were  embryologically  non-
viable  rather  than  short-lived,  and  that  some  of  the  few  fertile  seeds  produced  were
still  viable  after  2  years.  Similarly,  Torrey  (1983)  was  uncertain  whether  germination
failure  in  several  of  the  species  that  he  examined  was  due  to  seed  age  or  general  low
viability.

Relationships  between  series  and  sections  in  large  genera  can  often  be  defined,  at  least
in  part,  on  seedling  structure.  Conran  et  al.  (1997)  found  distinctive  seedling-based
groups  in  the  Droseraceae  which  are  taxonomically  informative  at  the  subgeneric  and
sectional  levels,  and  which  indicated  that  there  are  previously  unpredicted
relationships  between  them.  Within  Acacia  (Mimosaceae),  seedlings  are  distinctive  at
the  subgeneric  level  (e.g.  Burger  1972)  and  reflect  features  which,  though  present  in
the  seedlings,  are  absent  in  mature  plants.  In  Eucalyptus  (Myrtaceae)  the  seedlings  are
also  different  between  subgenera  and  between  some  of  the  sections  (Chippendale
1988),  with  Maiden  (1929-31)  dividing  the  genus  into  three  sections  on  cotyledon
shape.  Similarly,  the  E.flocktoniae  and  E.  transcontinentalis  complexes  of  series  Subulatae
both  possess  uniquely  decussate-leaved  seedlings  (Nicolle  &  Conran  1999).  Weberling
and  Leenhouts  (1966),  Burger  (1972)  and  Li  and  Hsieh  (1997)  also  noted  many
examples  of  variable  and  potentially  taxonomically  useful  seedling  characters  at  the
intrafamilial  and  infrageneric  levels  in  a  range  of  rainforest  taxa.

The  patterns  seen  here  for  some  of  the  seedling  characteristics  in  the  Casuarinaceae
suggest  that  there  are  some  distinctive  seedling-based  species  groupings.  Allocasuarina
sect.  Ceropitys  have  lycopod-like  seedlings,  and  simple  cotyledon  branches.
Allocasuarina  sects  Dolichopitys,  Oxypitys,  Platypitys,  Echinopitys  and  Ceropitys,  had
abortion  of  the  primary  shoot  and  divergent  tooth  apices  characters  otherwise  found
only  in  A.  monilifera  (sect.  Cylindropitys)  and  A.  microsiachya  (sect.  Trachypitys).



438 Telopea 8(4): 2000

Although  the  treatment  of  the  Casuarinaceae  by  Wilson  and  Johnson  (1989)  placed
taxa  close  to  their  presumed  relatives,  there  is  no  current  phylogenetic  classification  of
the  family  from  which  species  relationships  can  be  investigated.  Our  study  provides
good  evidence  that  there  are  useful  seedling  characteristics  in  the  Casuarinaceae
which  might  be  used  to  investigate  generic,  sectional  and  species  relationships  within
the  family.  However,  it  is  not  the  intention  of  this  paper  to  reject  one  set  of  characters
used  to  classify  the  family  in  favour  of  another.  Rather,  it  is  hoped  that  the  seedling
characters  presented  here  can  be  incorporated  with  as  wide  as  possible  a  range  of
features  from  adult,  seed  and  pollen  morphology  plus  cytology  so  that  future
phylogenetic  studies  of  the  family  can  assess  objectively  the  relative  contribution  and
merits  of  all  the  available  information.
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