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Variation of  Pitcher Morphology  within  Nepenthes  vieiUardii

          Hook.  fi (Nepenthaceae) in New  Caledonia
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[Ihxonomy  of  Nbpenthes has been exc]usively  based on  pitcher morphology  that well  characterizes  the

carnivore.  In order  to understand  the morphological  diversity and  to rc-cxamine  taxonomical diagno-
sis  ofthe  Nepenthes taxa in New  Caledonia, the pitcher morphology  was  carcfUlly  studicd  based on  221

matured  upper  pitchers oM24  individuals frem seven  localities ofthe  island. For this purpose, we  inves-

tigated size ofpitchcrs  and  oftheir  lids, number  and  density ofnectar  glands on  lids, number  and  den-

sity of  digestive glands in pitchers and  ratio of  digestivc zonc  vs.  waxy  zene  in pitchers. These mor-

phological features varied  widely  between the populations though  they are mostly  stable within  an  indi-
vidual  plant. Statistical analyses  did not  segregate  any  population and  supported  the taxonomical  treat-

ment  to unite  several  taxa into an  insular endemic,  7Vlepenthes vieillaJxlii  Hook.  f in New  Caledonia. The

number  ofdigestive  glands and  area  ofdigestive  zone  in pitcher varied  greatly between populations sug-

gesting that some  ecolegical  factors do affect  the morphological  diversity ofpitchers.

Key words:  carnivorous  plants, digestive glands, morphology,  nectar  glands, ?Vepenthes, New  Caledonia,

pitcher

Nepenthes, the sole  genus ofthe  family Nepentha-

ceae  comprises  about  90 species  ofperennial  herbs

distributed in Madagascar,  Seychelles, northern

India, Indo-China peninsula, Malesia, northern

Australia and  New  Caledonia (Kurata 20e2), These

plants could  expand  their distribution by adjusting  to

soils  with  poor nutrients  owing  te an  accomplished

special  evolution  ofcapturing  insects by an  insec-

tivorous leaf called a 
"pitcher".

 Taxa ofNepenthes

have been mainly  classified  based on  the charac-

teristics ofpitcher  morphology,  On  the other  hand,

dimorphism of  the upper  funnel pitcher and  the

lower janing pitcher has been well  recognized  even

within  an  individual p]ant (e.g., Clarke 1997).

Intraspecific variation  of  pitcher morphoLogy  also

shows  a  wide  range  in its morphological  diversity

(e.g., Macfarlane 1908, Kurata 1976, Komiya  1994,

Phillips &  Lamb  1996, Clarke 1997, Jebb &  Cheek

1997). Therefbre, taxonomical confusions  have

been caused  in the current  classification  of

AJkipenthes.

    New  Ca]edonia, a  continental  island that orig-

inated from Gondwana, is covered  with  a  latge ser-

pentine area, The ultramafic  soil derived from the

serpentine  or  gabbro is well  characterized  by very

few nutrients  fbr plant growth and  hypeFmagnesium

content  and  the IVepen thes plant is well  adapted  to

the edaphic  conditions.  Concerning the species  in

New  Caledonia, nine  taxa including six endemic

species have been described mainly  based on  the
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morphology  of  the pitcher (Hooker 1873, Dubard
1906, Macfarlane 1908, Guillaumin 1911, Moore

I921, Danser 1928, Guillaumin 1953, 1964, Jebb &

Cheek  1997). These taxa  of  Nepenthes in New

Caledonia have been described based on  small  num-

ber of  specimens,  and  it is uncertain  whereabouts  in

the plant body the pitchers were  collected.

    Moreover, Jebb &  Cheek ( ] 997) integrated all

taxa reported  from New  Caledonia, as  a  synonym  of

?Vbpenthes vieillardii  Hook, fl without  any  expla-

nations.  Further examination  ofthe  morphological

diversity among  New  Caledonian  Nqpenthes is

needed  to clarify the morpholegical  diversity quan-
titatively and  to verify  the classification  of  the

specles.

    As  contribution  to a  critical  cxamination  of

the taxonomic  prob]ems of  IVepenthes in New

Caledonia, we  clarified in this study the variation  of

pitcher morphology  in Nepenthes vieillaFdii  sensu

lato in New  Caledonia by quantitative analyses  on

the size  of  the pitcher and  its lid, the number  and

density of  the ncctar  glands and  digestive glands,
and  the ratio  ofthe  digestive zone  and  waxy  zone  in

the  pitcher. Classification of  Ncw  Caledonian

IVbpentheg has been discussed by comparison  among

the collection  sites, The  nomenclature  tentatively

fo11ows that ofJebb  &  Cheek (1997).

Materials and  Methods

Studv sites  and  materials   "Plants

 ef  Nepenthes vieillardii  grow  in maquis  veg-

etation  (Brooks 1987) developed on  ultrabasic  soil

o.riginating  from serpentine  rock  or  gabbro. The

plants usually  develop small  populations isolated

from each  other.  NOpenthes in New  Ca]edonia usu-

ally  grown in sunny  place like that ofopened  slepe,

riverbank  or edge  ofthe  fbrest. The plant is creep-

er  ef  several  meters  in length, and  develops leafi

pitchers on  the top ofshoot  while  withering  lower

leafpitchers. Therefbre the plants fi'equently have

several  matured  upper  funnel pitchers in sexpen-
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tine area with  poor nutrient.  The populations exam-

ined in the present stucly  were  chosen  ftom  near]y

entire  area  of  distribution range  of  the species,

moreover,  five ofthe  seven  populations examined

were  located in the southern  part ofthe  island (Fig.
1 and  Table 1-A) where  the serpentine  soil is wide-

ly distributed (ORSTOM 1983), Population ofGR

is devcloped on  gabbro and  the remainders  on  ser-

pentmc.

    Prior to the analysis between the populations,
morphological  variation ofpitcher  within  an  indi-

vidual  was  examined.  Plants of  Albpenthes vieil-

laJdii usually  have several  matured  pitchers and

we  could  collect  many  pitchers, enough  fbr statis-

tical analysis  at CR  GR, MK  among  the seyen  pop-
ulations and  additionai  RA  and  BL  CTable 1-B).

14 - 28 pitchers were  sampled  from each  individual

in the five collection  sites.

    Fer analysis  on  the inter-populational variation

of  pitcher morphology,  we  collected  a  matured

upper  pitcher from  each  individual, and  eight to

28 matured  pitchers were  sampled  from each  local-

ity. In total, 119 pitchers were  used  fbr the mea-

surements  ([lable 1-A). Since remova]  ofpitchers

was  expected  to seriously  damage thc individual,

pitchers were  collectcd  from large individuals with

many  pitchers, The  collected  pitchers were  fixed

with  FAA  (50% ethanol:  acetic  acid:  fbrmalin =

90: 5:5).

iWeasurements

Seven morphological  characters  were  measured

(Fig. 2)i sizc  of  lid (maximum and  minimum  diam-

eter  of  lid), length and  width  ofpitcher  and  height of

digestive gland zone  were  measured  using  a scale;

the number  and  density of  nectar  glands on  the lid

and  digestive glands in the pitcher were  ¢ eunted

under  a  stereoscopic  microscope  (Olympus SZ4045,
Olympus Co., Ltd.). We  did not  use  characteristics

such  as  color,  shape  and  presence or  absence  of

the fringe fbr this analysis  because the pitchers

showed  large variations  even  within  onc  plant (Fig,
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FiG. 1. Map  showing  the  locations ofnine  collection  sitcs  of  Aiepenthes vieiUardii  in New  Caledonia.

        TABLE 1. Col]ection sitcs and  samples  ofNepenthes  in New  Caledonia,

         A. Inter-populationak,ariation ofpitcher  morphology.

Code forstudy
 sitcLocalitv

    ' Altitude (m)Soil typeNumber  of

pitchers examinedHabitat

IPGRCPMKRBKNKPIle des Pins

GoroCol

 de Pronv       '
Mont  Koghi

RiviereBleue

Kuniambu

Kopeto

30

 80320420220830810

Serpentine

GabbroSerpentine

Serpentine

Scrpentine

Serpentine

Serpentine

IO2815282198Wetriverbank
Open  slope

Open  slope

ShtvbEdge

 ofthc  forest

Open  slope

Edge  ofthe  forest

B, Variation ofpitcher  morphoLogy  within  onc  plant.

Sample No,Loca[ity Code  fbrstudv

 site  'Soil

 typeNumbcr  of

pitchers examinedHabitat

12345 Mont  Koghi

R{viere Blanche

GoroCol

 de Prony

Radier

MKBLGRcpRASerpentine

Serpcntinc

GabbroSerpentine

Serpentine

2814152520 ShnibOpen

 slope

Open  slope

Opcn  slope

Open slape
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FiG, 2, Measuremcnt ofpitchers  and  lids of  Akzpenthes vieittardl'i A, Length ofmaximum  djanneter of  Lid. B, Length ofminimurn  diam-
   eter  of  lid, C. Ik)tul numbcr  of  nectar  glands. D. Length ofpitcher.  E. Width  at the widest  part ofpitcher.  F, Height efdigestive

   gland zone  ofpitcher.  G.. Number  of  digestivc glands per unit  area.

3). Thc area  of  the lids was  calculated  from the

rnaximum  and  minimum  diarneter, and  the density

ofthe  ncctar  glands was  estimated.  The  density of

digestive glands pcr square  was  calculated  from

the area  of  the leafpiece cut-off  by the leafpunch.

    Specimcns ofAJepenthes  vieillantii,  N, vieil-

laFdii var.  deplanchei Dubard, Nl vieillardii  var.

montrottzierii  Dubard and  N. vieillantii  var.  minima

Guillaumin including their type  specimens  were

examined  fbr measurcment  of  their pitcher mor-

pholegy. The available  specimens  were  the four of

the nine  taxa described from New  Caledonia, 26

pitchers from 12 sheets  ofN  vieillanlii, 15 pitchers
from six  sheets  of  N  vieillardii  var. dqplanchei,

five pitchers from one  sheet  ofAL  vieiliaptiii var. min-

ima and  13 pitchers from  three sheets  of  ?Vl vieil-
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FiG. 3, Gross rnorphoiogy  ofpitchcrs  ofIL'(7]enthe,s  vieillantii  Thc  color  and  the shape  erthe  pitcher var-

   ied ameng  p!ants, The arrows  indicate the boundaty between thc cligcstiye gland zone  and  waxy  zone.

   a, b and  d were  from RB, and  e was  frorn MK.  f: indicate  funge.
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tardii var.  montrouzierii  were  examined  for the
rnorphology.  List ef  specimens  examined  were  list-

ed  in appendix,

Statisticalanalysis

Statistical analyses  were  performed using  the mean

value  for the characters  of  each  individual. The

data were  subjected  to analysis  ofvariance  (one-way
ANOVA)  with  the Tukey's honestly significant  dif

ference test (Tukey's HSD)  using  SPSS  ver. 1O,O J

fbr Windows  (SPSS 2000).

Results

PZiriation ofpitcher morphotogy  within  one  indi-

vidual  and  between individuats

The seven  morphological  characters  were  measured

for 1 02 pitchers from five individuals, and  the mean

value  and  standard  error  of  the measurement  of

each  plant were  presented in 1lable 2-A, The  stan-

dard errors  for each  measurement  in individual

were  lower than  the value  ameng  the individual

(Fig. 4), The mean  va]ue  is remarkably  different

from each  jndividual. Nectar gland density ranged

from 6,6 (sample 4) to 24.3 nos,lcm2  (sample 1) and

was  remarkably  high in sample  1 among  the five

individuals. On  the other hand, ratio  ofdigestive

gland zone  f length ofpitcher  was  O.59 in sample  2,

indicating the highest value  among  the five indi-
viduals  exarnined  (Fig, 5), The  significant  difibrence

was  detected between all individual plants excluding

the density ofthe  digestive gland (p <  O,O1 , Tukey's

HSD,  Table 3-B),

lhteripopulationalvariation

D Size oftid andpitcher

The variation  ofthe  area  oflids  is shown  in [Rible 2-

B, The area  oflids  in KP  was  significantly  ditTerent

from that in other populations. The  mean  value  is
larger (mean 14.4 cm2)  than  twice  ofthose  in GR,

CP and  MK  (mean 5,6 - 6.6 cm2).
   Variations in the size  of  the pit¢ her are  also

APG Xlo1. 55

given in Table 2-B. Length and  width  ofpitcher  on

plants from KP  are  larger than  these from other

localities (mean 13.5 cm  in length and  4.4 cm  in

width  in KP). On  the other  hand, pitcher in plants
from GR., MK  and  KN  were  relatively  smal]er;

width ofthe  GR  specimens  (2,3 cm)  was  almost  half

of  specimens  from KR

2) Nectar gtancls

Number  of  nectar  glands on  the lid of  plants from

KP  was  markedly  higher than those from other
localities (145.1 glands on  lid); less than one-third  of

glands were  distributed on  the lid of  specimens

from GR  (Table 2-B),

    Thc  area  of  the lid was  calculated  from the

lengths of  the maximum  and  minimum  diameters,
and  the density of  the nectar  gland on  the lid at

each  cellection  site was  also  estimated.  Intrapop-

ulational  variation  and  comparison  among  the pop-
ulatiens in the density of  the nectar  gland on  the 1id
are  presented in Fig. 6. The  value  showed  a varia-

tion range  of  17.4 (KN) - 7,7 n,/cm2  (RB), indicat-

ing  great variability,

    The relation  between the area  of  the lid and  the

number  ofnectar  glands is given in Fig, 7, A  cor-

relation  was  recognized  between  these two  factors

(Correlation coefficient  -  O.5271, p <  O.OO1). The

number  ofnectar  glands was  changed  in propouion
to the area  ofthe  lid. However, the density ofthe

nectar  glands is an  unstable  character  on  account  of

the iarge variatjon  within  a  population.

    The distribution of  nectar  glands is shown  in

Fig. 8-a. The  nectar  glands of?Vlepenthes vieillardii

were  sparsely  distributed throughout the entire  lid.

sy Digestive glancts'
The  density ofthe  digestive glands, the tota1 number

of  digestive glands and  the ratio  of  the digestive

gland zone  are  also  shown  in [lable 2-B,

    The  yariation range  in the density of  digcs-
tive glands on  a  pitcher was  442.0 g]ands per cm2  in

IP to 733,7 glands in GR  (Fig, 9). No  significant  dif
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Fi(}. 4. Mcan  and  standard  crror  ofdensity  ofnectar  glands col-

   lected from fiye individual plants.

U=oNo>'penoenv-Foo'pNct1
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          (MK) (BL) (GR) (CP) (RA)
                   Sample number
                   (Collectionsite)
FiG. 5. Mcan  and  standard  error  of  ratio  ofdigestive  gland zone

   co]]ectcd  from fiye individual plants.

TABLE  3.Significant differencc ofmorphological  characters  in one  plant using Tukey's HSD  test, (*p<O,05, 
**p<O.O1)

A. Density ofncctar  gland

Sample No. 1 2 3 4 5
12345

o.ooo**o.ooo**o.ooo**o.ooo**

O.11IO.O16*O.945

o.ooo**O.O08rk*

O.064

B. Density ofdigestive  gland

SampleNo. 1 2 3 4 5
.]2345

O.054o.ooo**O.355O.87S

O.39SO,762O.389

O,O15*O.O03*s

O.942

C, Total number  of  digestive gland

Sample No. 1 2 3 4 5
12345

O,O06**o,ooo**o.ooo-*o.ooo**

O.Oooe*o.ooo**o.ooo**O.ooos*o.ooo**O.041*

D. Ratie ofdigestive  zone

SarnpleNo, 1 2 3 4 5
12345

o.ooo**O.074O.O12*O.435

o,ooo**o.ooo**o,ooo**1.000O,O02**o.ooo**



The Japanese Society for Plant Systematics

NII-Electronic Library Service

The  JapaneseSociety  forPlantSystematics

December  2004 KURAT/A  et al.: Vtariation ofpitcher morpholegy  within  N.L,ieittasdii 189

ouAE

 Ux

 dNLYv

 c
 re

 a
 L
 as
 P
 U
 o
 c-p

 o

 M't

 co
 [

 oa

25

20

15

10

5

         IP GR CP  MK  RB KN KP

                 Collection site
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FIG. 7. Diagram showing  corrclation between the area  of' lids and

  the number  ofnectar  glands ofthe  pitcher at cach  locality.
   Correlation index =  O.527 1,

fercnce was  recognizedi  in the density ofthe  diges-

tive glands detected at each  collection  site, howev-

er, significant  differences were  fbund between in JP

and  GR, GR  and  MK  (lbkey' HSD,  p <  O.O1, Tbble

4-B). To examine  the relation  between  the size of

the pitcher and  the density of  the digestive gland, the

correlation  between length and  the maximum  width

of  the pitcher was  examined  (Fig, 1O), A  relatively

strong  correlation  was  recognized  between length

and  the maximum  width  of  a pitcher (Correlation
coeMcient  

=-
 O.7446, p <  O.OOI). Therefbre we

used  length of  pitcher fbr representing  the size of

pitcher in further study.  On  the other  hand, corre-

lation was  not  recognized  between the size  of  the

pitcher and  the density of  digestive glands

(Correlation coeracient  
-
 -O.214, p <  O,05, Fig.

11).

    The shape  of  the piteher was  assumed  to be a

column  for estimating  the total number  ofdigestive

glands in a  pitcher based on  the maximum  irv'idth  of

the pitcher, the height of  the digestive gland zone

and  the density ofthe  digestive gland, The  total

number  ofdigestive  glands on  the pitcher ofplants

from KP  was  significantly  higher than  those from

other  localities (mean 40,231.1 glands on  pitcher);
more  than  twice ofthose  at IR GR, CR  MK  and  KN

(mean 16,398.6 - 22,861.7 glandslcm2) as shown  in

Table 2-B. The  variation  and  comparison  amQng

populations in the nurnber  of  digestive glands on  the

pitcher are presented in Fig. 12. The total number  of

digestive glands showed  a relatively  strong  corre-

lation with  the area  ofthe  digestive zone  (correlation
coeMcient  

-
 O,7763, p <  O.OOI, Fig, l3),

    On  the other  hand, no  significant  difference

was  observed  in the ratio  of  the digestive gland

zone  (digestive zoneftotal  length ofpitcher)  among

the collection  sites except  at CP  and  MK  (Fig. 14,

[lable 4-D), The  maximum  mean  value  was  O.47 at

IP, and  the minimum  was  O.37 at CP. The mean

value of the ratio  of  the digestive gland zene  was  O.5

or  less {n all the sites, it was  clarified  as  character-

istics of  Aiepenthes vieiUaidii  that the digestive

gland zone  was  distributcd bclow the lower halfof

the length ofthe  pitcher, However,  thc distribution

(depth) of  the digestive gland zone  varied  among

each  pitchcr (Fig. 8-b).

Measttrement oj'Hlerbarium specimen
59 pitchers from fbur taxa  of  New  Caledonian

Nbpenthes were  exarnined  based on  thc hcrbarium

specimens  including theirtypes, Averagc and  stan-
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F[c･,.8. Distribution ofnectar  glands on  lids collected  at KP.  The  neetar  glands of

ALepenthes vieillardii  were  sparsely  distribuied throughout  the entire  lid, b,
Longitudinal  sections  ofpitehers  in KP  The  distribution ofthe  digestive gland zone

was  variable  in cach  pitcher. The arro",  shows  the boundary between the digestive

g]and  zone  and  the waxy  zone.
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 FIG. 9. Mean  and  standard  error  ofdensity  ofdigestive  ground  at

    scvenlocallties.

19i

TABLE  4. Significant difference ofnioiphological  characters  using  Tukey's  HSD  test in each  locality. *p<O,05,
 
""p<O.O]

  A. Density  ofnectar  gland

site IP GR CP MK RB KN KP

IPGRcoMKRBKNKP

O.995O.7G3O,026*1.000O.Oll*O.939

O.920o.oto*O.972O,OU9**O.995

O.518O.530O.2061.000
O.OOI**O,926O.605

O,C)02**O,870

O.259

B. Density efdigestive  gland

sitc IP GR CP MK RB KN KP

IPGRcoMKRBKNKP

O,O07**O.470O.986O.633O.171O.77S

o.s6gO.O02**O.186O.998O.642

O.7121.000O.9781.000

O.880O.2S3O,954

O,869t,ooo

O,964

C, Total number  of digestive gland

site IP GR cp MK RB KN KP

IPGRcoMKRBKNKP

O.660O.165O.Q51O.322O.853o.ooo**

O.783O.329O.ooos*1.000O.ooo*i

1,OOOo,ooo**O.900o.ooo**

o.ooo**O.680o.ooo**O.O02**O.OOD**o.ooo**
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T,xBLF 4. continucd

D. Ratio ofdigestive  zone

sitc IP GR CP MK RB KN KP

IPGRcoMKRBKNKP

O.9030.0S51.000O,877O.916O.28S

O.192O,7741,OOO1,OOOO.702

O.O07**O.316O.6581.000

O.747O,875O,157

 1O.797

O,924

6

   5"EoY42e･e.

 3-o

£ 2p.l

   1

    o
      O 5 10 15 20 25

              Length of  pitcher (cm)

FIG, 1O, Diagram shewing  correlation  between the length and  thc

   width  of  pitchers collected  at all localities. Correlation
   index =  O,7446.
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Dlagram showing  correlation  between the length ofthe
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     Collection site

FIG. I2. Mcan  and  standard  crror  of  teta] number  of  digestive

   glands at  seven  1ocalities.

dard error  of  pitcher length were  calculated  in N.

vieillardii,  N  vieillardii  var.  de7?lanchei, N  vieillaiztii

var.  minima  and  Nl vieillardii  var.  montJvuzierii

(Tablc 5). AJI vieillardii  and  N. vieillardii  var.

deplanchei showed  almost  same  value  of  pitcher
length and  width  (length of9.28-1O.03  cm,  width  of

l ,67-1,75 cm).  The  length ofpitcher  ofAny  vieilla,zil'i

var.  montrou2ierii  was  about  half ofthese  two  taxa

(length ef4,63  cm,  width  ofe,95  cm),  and  size oflVl

vieillantii  var.  minima  was  especially  smaller  than

that of  the remainders  (length of  1,12 cm,  width  of

O.30 cm),  The  pitcher size  data measured  in the
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FiG. 13. Diagram showing  cerrelation between the area of  the

   digestive gland zone  and  the tota] numbcr  of  digestive

   glands  collected  at all localities, Correlation index = O.7763.

IPGR  CP MK  RB KN  KP

    Collection site

FiG. I4. Mean  and  standard error ot' the ratie  of  the difiestive zene                                o

   collected  at seven  leca]ities. The mean  values  efthe  ratio  of

   the  digestis,e gland  zonc  arc  O,5 or  lcss in all sites.

TABLE 5, Length and  width  ofpitchers  ofherbarium  specirnens  and  the orjginal description in each  taxa ef NbTJenthes vieiltarciii,

IYI vieillai'dii  ,NF.vieiUardii

var,  deptanc'hei

Nvieiilardii

x,ar.  Inlmma

  NvieiUardii

var. montrouzierii

Lengthin

 descrLption

Max  X Min  in type  specimen

Max  1 Min  in specimens

M.ean.± SE  in specimens

 5,O-15.512,O

 ,, 10.0

 IS,5f3.5

9.28±O.68

 16.5 i' g,O

 16.5/6,O

1O.03± O.90

 O.9.1.4
 1,71O,7

 1.7/O.7

L12 ± O.17

 5.0-15.5

 8.0 1 6.0

 8.0 / 2.7

4.63 ± O.46

Widthin

 description

Max  1 Min in type specimen
Max  1 Min in spccimcns

Mean  ± SE in specimens

 2.0 ,, 1,O

 ].2 ,' O.9L75
± O,13

 2.2/1.(}

 2.3 ,i
 1.6l,67

±O,ll

 O.4/O.2

 O.4 i' O.2

O,30±O,04

   1.3

 1.4 ,i O.5

o.gs± e.lo
Number  efpitchers  cxarnined 26 15 5 13

herbarium specimen  was  compared  with  the pitch-

er  size  obtained  from  seyen  populations (Fig, 15),

No  pitcher was  included in the ranges  ofpitcher  size

of  N. vieiltareiii var, montrouzierii  and  N  vieiltantii

var.  minima.  74.89i6 ofthe  pitchers measured  from

the seven  populations in this study  were  included

w{thin  the range  of  A[ vieillantii. Pitcher size  ofall

populations except  KI' was  included in the variation

range  oflV. vieiUantii,  Especially all pitchers ofCP

were  included within  this range.  23.5% ofthe  pitch-

ers  measured  in the present study  wcre  excluded

from  any  variation  range  of  four varieties  of  Nl

vieillardii, N  vieillantii  vaz  deplanchei, N  vieillaiziii

var.  montrouzierii  and  A[, vieillardii  var.  minima

based on  the definition by  their type specimens  and

taxonomic  diagnosis. The  excludedpitchers  were

collected  frem six ofthe  seven  populations (GR, IR
KN,  KP, MK  and  RB), particularly, all pitchers col-

lected from KP  were  not  included in any  variation

range  ofthe  fbur varieties  ofN  vieillaizfii.  However,
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FTG. 15, Diagram show{ng  corrclation  between the ]ength and  the width  ofpitchers collcctcd  at each  locality and  ranges  ofthc  pitch-
   er  size <maxirllum and  minimuni  valuc)  in three taxa of  herbarium specimen.  Correlation index = O,7446.

size  ofpitchers  yaried  continueusly  among  the  pop-
ulations  and  pitchers.

Discussion

Plants of  Nqpenthes depcnd on  the carnivorous  leaf

structure  fbr the nutrient  uptalces,  and  the pitcher
structure  plays an  important role  for their survival.

Therefbre pitcher morpho]ogies  representing  pitch-

¢r length and  width,  area  of  lids, number  of  nectary

on  lid and  number  and  dengity of  digest{ve glands
should  involve their ecological  role  in adaptation  to

their habitat. Therefbre we  expected  wide  variation

range  in the pitcher morphology  between popula-
tions which  attributed to their ecological adapta-

tion to their microhabitat  even  within  a sole  species.

However, morphologica]  variation  of  the pitcher
has never  been considered  for the taxonomy  in the

genus Nkipenthes, Species from New  Caledonia

have been also recorded  on  the basis of  the typo-
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logical pitcher morphology  on  a few or  single  indi-

viduals.  This paper is the first repert  to examine  the

variation  of  pitcher morphology  in a species  of

Alepenthes,

imrvhologicaldij7brentiation

The  rangc  of  variation  was  very  small  in the all

measured  morphologies  within  an  individual (Table
2-A), The  results  of  the present study  clearly  indi-

cated  that pitcher morphology  of  IVt?penthes is sta-

ble within  an  individual while  it diffbrs significant-

ly between populations in New  Caledonia ([lable 3).

The  measured  characteristics are  almost  stable  in

each  local population, and  applicable  comparing

pitcher morphology  between populations (Table 2-

B),

    The  results  of  the present study  clearly  indi-

cated  that New  Caledonian AJepenthes shows  little

variation  within  an  individual while  exhibiting  wide

range  ofvariatien  between populations. Even  when

a  significant  difik)rcnce was  not  observed  among

all collection  sites, the pitcher morphology  is sig-

nificantly  diflerent in rnaximurn  and  minimum  value

habitats, For example,  pitchers fi'om KP  and  other

localities mutually  showed  significant  differences in

the total number  of  digestive glands (p <  O,Ol,

Tukey's HSD  test, Fig. 12 and  [Ibble 2-B). The

mean  number  of  digestive glands in pitchers from

KP  was  abeut  twice  ofthosc  from  the GR,  CR  MK

and  KN.  The  high number  in KP  pitchcrs is attrib-

uted  to the size ofthe  pitcher, especially  to 1arger

size  in width  ([Rible 2-B), although  the density ofthe

digestive glands and  the ratio  ofthe  digestive zone

were  relatively  low among  the collection  sites (Figs.
9 and  14). 

rlbtal

 number  ofnectar  glands on  the lid

was  also  significantly largcr in KP  (Table 2-B) that

is also attributed to the laiger size  ofthe  lids (density
of  nectar  glands was  average  in KP). Therefbre,

fVepenthes plants grown in KP  produce larger pitch-
ers  with  many  digestive glands and  nectar  glands, en

the other hand, plants in other sites produced small-

er pitchers rclative to their investment fbr carnivory.

    Ultrabasic soils  originated  frem scrpentinc

rock  in New  Caledonia contain  very  few nutrients,

and  pitcher structure  is estimated  to be very  impor-

tant for carnivory  to obtain  nutrients  in the habitats,

Theretbrc, pitcher structure  in New  Caledonian

Nq)enthes might  reflcct  some  ecologically  adap-

tive factor and  is evaluated  as useless  in thc classi-

fication, The morphological  characteristics,  such  as

fiowcrs, fruits and  infiorescence morphologies

should  be investigated to support an  cstablishnent  of

better classification  systcm  in New  Caledonia.

Some  ecological  factors, e,g,, difference in quanti-
ty and  stmcture  ofprey  fauna at each  locality inight

affect  the pitcher srmcture  as an  investment for car-

nivory.  Furrher investigations focused on  the com-

parative ecology  between the populations are  need-

ed  to clarify the pitcher polymorphisms  in AJepen-

thes.

Nepcnthes 7inxonom.v in Alew Caledonia

In the present study,  wc  quantitatively analyzed

pitcher niorphology  ofAiepenthes  vieittaidii from the

scven  localities in New  Caledonia. As  nine  taxa

have been described based on  the typological pitch-

cr  morphology  from the island, we  also  confirmed

thc variability  in the morphologies  in the present
analyses,  All charactcristics  examined:  size  of

pitchers and  lids, density of  ncctar  glands and  diges-

tive glands, total number  ofnectar  glands and  diges-

tive glands, and  the ratio  of  the waxy  zonc  vs.

digestive zone  in pitchers showed  a wide  variation

range  among  populations. The  quantitative analyses

could  not  segregate  any  popuiation among  the seven

localities in New  Caledonia although  the mean  val-

ucs  of  several  characteristies  (e,g,, total number  of

nectaries  and  digcstive glands per pitcher) showed

distinctive differences among  several  populations,

   In the previous studies,  intraspecific variation  of

pitcher moiphology  was  recognized  as Larger than

that fbund in the present study,  For example,  dcn-

sity, shape  and  size  ofnectar  glands on  the lid dig

fered greatly between species  in Nkrpenthe,s (Kurata



The Japanese Society for Plant Systematics

NII-Electronic Library Service

The  JapaneseSociety  for  Plant  Systematics

196 APG Vbl, 55

1976). Jebb &  Cheek (1997) referred  to the differ-

ence  in the density, distribution and  size  ofnectar

glands on  the lid between AJlepenthes vieiUardii

frem New  Guinea and  New  Caledonia, aitd  segre-

gated the New  Guinean species  as Ail lamii (e.g,, 75-

1OO nectaries  Xcm2 in Nl vieitlaidii  and  1,500-2,OOO

nectaries  in IV, lamii). Therefbre, the variability  of

pitcher morphology  in New  Caledonian IVepenthes

should  be regarded  as minor.

    The taxonomic  treatment ofIVbpenthes  from

New  Caledonia has bcen controversial.  Possibly due

to the traditiona] taxonomy  in the genus that has

been exclusively  based on  the typological  pitcher
morphology.  The length ofthe  pitcher was  widely

spread  with  8.5-13.5cm of  mean  value,  and  not

able  to be divided by each  population: Pitcher size

by samples  at each  locality was  more  wide-ranging

than  the value  indicated by the specimen  measure-

ment  (Fig. 15). 74.8%  of  the pitchers measured

from  the  seven  populatiens in this study  were

included within  the range  of  Nepenthes vieiUardii,

however  23.5%  ofthe  pitchers measured  in the pre-
sent  study  were  excluded  from any  variation  range

of  the fbur yarieties,  The excluded  pitchers were

collected  from six  of  the  seven  populations.

Moreoveg  the size ofpitcher  ofthe  herbarium spec-

imen  overlapped  among  rv. vieilinrdii,  N. vieillantii

var. deplanchei and  N  vieillaFdii  var.  montroueierii.

Thus, the typological taxonomy  by pitcher mor-

phology  in Nepenthes in New  Caledonia is not

approprlate.

    In the herbarium specimen,  small  variation

was  observed  in the size of  pitcher in same  indi-

vidual  plant. IVepenthes vieiltantii  van  minima  was

described based on  the small  pitchers, and  we  con-

firmed that the taxonomic  diagnosis is based on

pitchers on  juvenile rosette  ofthe  holotype specimen

(Pitcher length is under  2 cm).  Hooker  (lg73)
observed  that pitcher morphology  ofj uvenile  rosette

is minute  in size  compared  to upper  pitchers, how-

ever,  the polymorphisms  of  pitchers in AJlepenthes

haye never  been  considered  in the report  IVI vieil-

lardii var.  minima  by Guillaumin (1953). Thus the

taxonemic confusions  in New  Caledonian depenthes

are  attributed  to the ignorance ofpolymorphism  of

pitchers, We  tentative]y support  the taxonemic

treatment  by Jebb &  Cheek (1997) to unit  all taxa

into Nepenthes vieillardii  Hook.f. based on  the

pitcher morpholegy,
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Appendix

Dcplanche  (Vieillard l121) (p) Syntype, Green 1816  (p),
Pompery  505 (p), Stauffer 5738 (p), Virot 483 (p). Morat

8025  (p), McPherson  3380 (p), Lerat 1 103 (p), Germain
No  number  <p), Daniker  194 (p), Buchhels 1262 (p),
Cribs 666  (p), Franc 17 (p).
IVepenthes vieillardii  var.  deptanchei Dubard;
Dcplanche  211 (p) Syntype, Dep]anche  1OO (p) Syntype,
Hut'limann 10e (p), Baumann  616 (p), Baumann  14,101

(?), Guillaumin &  Baumann  9996 (p).
,Nepenthes vieiZeiirdii yan  montrouzierii  Dubard; Pancher
No  number  (p) TYpe, Beniier 48 (p), Virot No  number  (p),
iVepenthes  vieihardii  van  ntinima  Guill.; Virot No  num-

ber (p) Holotype.

Eipecimens examined.

Aleu)enthes vieiUd,ztii  Hook. fi: Vicillard 1 12l (p) Syntype,
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