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Abstract

Lysichiton americanum Hulten & St. John (Araceae) is pollinated by Pelecomalius
testaceum Mann. (Staphylinidae), a rove beetle, which utilizes the inflorescences as
a mating site and food source. The fragrance produced by the inflorescences is the
first cue in the attraction of the beetles. It elicits in the beetles a search behavior for
the yellow color typical of the spathe.

The  pollination  biology  of  Araceae,  a  family  of  over  2000  species,
has  been  documented  only  in  a  few  dozen  cases.  Many  species  are
apparently  pollinated  by  large  scarabaeid  beetles,  which  utilize  them
as  food  sources,  mating  sites,  and  hideouts  during  the  day  (Schrottky
1910,  van  der  Pijl  1937,  Beach  1982,  Pellmyr  in  press).  Others
have  trap  inflorescences,  where  pollinators  such  as  flies  and  beetles
enter  during  the  female  phase  of  the  flowers  and  depart  after  pollen
has  been  shed  on  them  (Knoll  1926,  Vogel  1978).  In  a  few  cases,
secondary  adaptations  to  pollination  by  euglossine  bees  have  been
recorded  (Williams  and  Dressier  1976,  Meeuse  and  Morris  1984).

Most  members  of  the  family  grow  in  tropical  or  subtropical  re-
gions;  however,  about  10  species  are  known  from  temperate  parts
of  North  America.  Early  in  the  spring,  the  bright  yellow  spathe  of
Lysichiton  americanum  Hulten  &  St.  John  is  a  prominent  feature
in  swampy  places  in  the  Pacific  Northwest.  The  yellow  color  is
unusual  in  the  family;  it  could  be  expected  therefore  to  be  of  major
significance  in  the  pollination  system  of  L.  americanum.  There  are,
however,  no  reported  studies  of  this  species.  Raven  et  al.  (1981)

I  stated  that  "...  small,  actively  flying  [staphylinid]  beetles  ..."  pol-
linate  the  flowers,  but  did  not  present  further  evidence.  In  the  present
study,  we  describe  the  pollination  system  of  L.  americanum.

Materials  and  Methods

Floral  morphology,  phenology,  and  pollination.  Observations  were
made  from  1  to  22  April  1984  at  three  localities  in  the  Seattle  area
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(Kirkland;  Issaquah;  Ravenna  Park,  Seattle)  and  near  Soleduck  Riv-
er  on  the  Olympic  Peninsula.  Population  sizes  ranged  between  50
and  ca.  500  ramets.  The  study  included  observations  of  floral  phe-
nology,  visitor  diversity,  and  pollinator  behavior.  The  pollen/ovule
(P/O)  ratio  and  spectral  composition  of  reflected  light  from  the  spathe
were  determined.  Three  ramets  were  put  under  net  cages  (1  mm
mesh)  slightly  before  anthesis  to  test  for  self-compatibility.  Six  in-
dividuals  were  hand-pollinated  to  determine  whether  complete  fruit-
set  could  be  accomplished.  In  the  largest  population  examined,  three
15x15  cm  plastic  plates,  covered  with  glycerin  jelly,  were  put  on
stalks  at  inflorescence  height  to  trap  possible  wind-carried  pollen.
The  traps  were  recovered  after  48  hours  and  checked  (under  a  mi-
croscope)  for  pollen.

Flower  visitors  and  their  behavior.  The  identity  and  frequency  of
insect  visitors  was  determined  by  observation  of  flowering  popu-
lations  for  a  total  of  ca.  30  hours.  The  effect  of  floral  odor  and  spathe
color  in  attraction  of  the  primary  pollinator,  Pelecomalius  testaceum
Mann.,  was  studied.  A  series  of  experiments  were  performed  inside
of  a  net  cage  (3  x  1.5  x  1  m)  inside  a  greenhouse.  Beetles  were
collected  from  inflorescences  in  the  field  in  the  late  afternoon,  starved
overnight  in  a  refrigerator  at  about  10°C,  and  released  in  the  cage
the  following  morning.  Fifty  cm  from  the  point  of  release,  plant  parts
of  Lysichiton  were  presented  in  experiments  of  choice  to  the  beetles
in  the  following  combinations:  1)  two  sealed  petri  dishes  (diam.  15
cm),  the  first  containing  green  leaves  only,  and  the  second  a  yellow
spathe;  2)  two  sealed  petri  dishes,  both  containing  green  leaves  but
one  also  including  a  spadix  concealed  between  the  leaves  and  100
small  perforations  in  the  dish,  allowing  passage  of  fragrance;  3)  sim-
ilar  dishes  as  in  1,  plus  a  visible  spathe  in  a  vase;  4)  two  spathes,
one  bearing  a  male-phase  spadix,  and  the  other  a  female-phase  spa-
dix.  In  each  experiment  40  beetles  were  used,  and  the  number  of
approaches  and  alightings  to  the  different  samples  were  recorded  for
30  minute  intervals.  The  glass  in  the  petri  dishes  may  have  affected
the  beetles  attraction  to  the  materials  kept  inside  because  it  would
prevent  passage  of  UV  light;  however,  because  reflectance  off"  of  the
spathe  surface  was  very  low  in  the  UV  region,  any  filtering  of  light
by  the  glass  was  deemed  unimportant.

Results

Floral  morphology  and  phenology.  The  infforescence  of  L.  ameri-
canum  consists  of  an  elongate  spadix  of  small  hermaphroditic  flow-
ers  (Fig.  1).  The  6-15  cm  long  spadix  has  350-1350  (x  =  690,  s.d.
236;  n  =  14)  flowers.  Each  unicarpellate  flower  contains  one  or  rarely
two  ovules  (x  =  1.01;  n  =  163).  Four  stamens  arise  from  the  base
of  each  flower  (Fig.  2).  Flowering  within  the  inflorescence  is  syn-
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Figs. 1, 2. Photographs of Lysichiton americanum. Fig. 1 . Inflorescence in female
phase, 0.4 x magnification. Fig. 2. Female-phase flowers at 4.6 x magnification; the
lower stamen of some flowers are ready to dehisce.

chronous  or  weakly  acropetalous.  The  spadix  is  partly  surrounded
by  a  15-25  cm  long  spathe.  During  the  last  two  to  four  days  before
anthesis,  xanthophyll  accumulates  in  the  spathe,  which  causes  it  to
become  bright  yellow  at  maturity.  When  the  spathe  opens  up,  the
flowers  inside  are  in  female  phase.  The  stigmas  remain  receptive  for
5-6  days.  Two  lateral  stamens  appear  and  dehisce  on  day  five  or  six
of  stigmatic  receptivity,  and  the  two  other  stamens  dehisce  about
two  days  later.  Wilting  occurs  5-8  days  after  start  of  the  male  phase.
The  inflorescence  produces  a  distinctive  fragrance  from  the  first  day
of  anthesis.  It  gradually  ceases  by  the  end  of  the  male  phase.  This
odor  is  noticeably  different  from  the  "skunk"  odor  of  the  vegetative
parts.

The  P/O  ratio  of  Lysichiton  was  76,912:1  (s.e.  2689;  n  =  10).
Raphides  were  found  in  several  pollen  samples.

Breeding  system  experiments.  Of  the  three  inflorescences  that  were
caged  in  the  field  and  left  untouched,  two  were  recovered.  Fruit-set
was  100%.  This  suggests  that  Lysichiton  is  self-compatible  and  ca-
pable  of  self-pollination  due  to  partial  temporal  overlap  between
male  and  female  function  in  the  inflorescences.  Of  the  six  hand-
pollinated  individuals,  four  were  lost  to  a  landfill  operation,  but  the
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remaining  two  set  100%  fruit.  Conifer  grains  on  the  wind  pollen
traps  were  abundant,  but  no  Lysichiton  pollen  was  found,  suggesting
an  absence  of  wind-pollination  in  this  species.

Flower  visitors.  The  only  regular  flower  visitors  were  the  beetles
Pelecomalius  testaceus  (Staphylinidae)  and  Plateumaris  emarginata
(Donaciinae,  Chrysomelidae).  Individuals  of  a  few  other  species  of
beetles  and  flies  were  found  on  inflorescences  on  single  occasions,
but  they  appeared  to  use  them  only  as  resting  sites.

Pelecomalius  testaceum  was  found  exclusively  on  L.  americanum.
Individuals  of  this  beetle  species  were  4-6  mm  long,  slender,  brown
and  black  in  color,  and  carried  considerable  amounts  of  pollen  on
most  body  parts.  They  were  undoubtedly  efficient  pollinators.  Near
flowering  peak,  about  half  the  mature  inflorescences  had  at  least  one
beetle  visiting  when  checked  (Table  1).  Beetles  of  both  sexes  fed  on
pollen—  five  individuals  of  each  gender  were  dissected  and  the  in-
testines  contained  pure  Lysichiton  pollen  in  every  case.  Visitors  to
female-phase  inflorescences,  which  lack  food  reward,  ran  rapidly
over  the  spadix.  Slightly  fewer  beetles  were  found  on  pure  female-
phase  inflorescences  than  on  those  in  male  phase.  The  inflorescences
also  serve  as  mating  sites  for  the  beetles.  Males  flew  between  inflo-
rescences  and  ran  over  them,  searching  for  females.  When  a  female
was  found,  the  male  always  mounted  her,  stroked  her  tergites  by
lateral  abdominal  movements,  and  tried  to  copulate.  Female  refusal
led  to  chases  over  the  flowers,  and  if  the  male  was  too  persistent  the
female  flew  to  another  inflorescence.  When  copulation  occurred,  the
couple  usually  moved  to  a  position  between  flowers  on  a  part  of  the
spadix  appressed  against  the  spathe.  Covered  with  pollen,  the  beetles
are  hardly  discerned.  Alternative  resting  sites  were  in  the  slightly
incurved  apex  of  the  spathe,  or  located  as  far  as  possible  down  the
stem  of  the  spathe.  Beetles  were  found  throughout  the  duration  of
anthesis  of  L.  americanum,  and  beetle  mating  activity  peaked  si-
multaneously  with  flowering.  One  mutant  genet  with  green  fragrant
spathes  was  never  observed  to  be  visited  by  Pelecomalius.

Individuals  of  Plateumaris  emarginata  were  found  sitting  on  var-
ious  flower  parts,  often  in  copula.  Their  intestines  were  empty  of
pollen,  and  the  beetles  only  became  common  by  the  end  of  the
flowering  season.  They  are  poor  pollen  vectors  because  of  the  low
rate  of  movement  between  inflorescences,  combined  with  the  small
amount  of  pollen  that  adhered  to  their  bodies.  There  is  reason  to
believe,  however,  that  L.  americanum  is  its  host  plant,  because  all
donaciine  beetles  utilize  species  of  Nymphaeaceae  or  aquatic  mono-
cotyledons  as  larval  development  sites  (Crowson  1981).

Experiments  testing  visual  and  olfactory  stimuli  on  beetle  attrac-
tion.  The  results  of  the  experiments  are  shown  in  Table  2.  In  ex-
periment  one,  sealed  petri  dishes  received  only  occasional  alightings.
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Table  1.  Percent  Attractive  Inflorescences  of  Lysichiton  americanum  at
THE  Study  Sites  that  had  at  Least  One  Visiting  Pelecomalius  testaceum.

Locality

independent  of  color  of  the  content.  Most  beetles  flew  around  in  the
cage,  but  almost  completely  ignored  both  dishes.  When  presented
the  green  dishes  in  experiment  two,  beetle  alighting  frequency  on
the  fragrant  dish  was  significantly  higher  than  on  the  non-fragrant
one.  Beetles  typically  alighted  on  the  fragrant  dish  and  ran  over  it,
in  some  cases  for  about  15  minutes,  looking  for  a  place  to  enter.
Some  beetles  managed  to  force  their  way  into  the  dish,  despite  the
fact  that  a  green  leaf  was  pressed  tightly  against  the  holes  from  the
inside.  When  presented  a  fragrant,  exposed  spathe  and  the  two  dishes
in  the  third  experiment,  visit  frequency  was  more  than  two  and  a
half  times  as  high  on  the  exposed  spadix  as  it  was  on  the  green,
fragrant  dish  (G  =  10.321;  df  =  1;  p  <  0.005).  When  given  a  choice
between  inflorescences  exhibiting  spadices  in  female  and  male  phase
in  experiment  four,  no  significant  preference  was  shown.

Discussion

Our  data  strongly  suggest  that  L.  americanum  is  adapted  for  pol-
lination  by  the  staphylinid  beetle,  Pelecomalius  testaceum.  In  Arum
nigrum,  staphylinids  constituted  a  minority  of  all  visitors,  and  were
believed  to  effect  some  poUination  (Knoll  1926).  Whigham  (1974)
suggested  that  staphylinids  pollinate  Uvularia  perfoliata  (Liliaceae),
but  did  not  present  convincing  evidence.  Staphylinids  are  common
visitors  in  many  flowers  (Knuth  1  898-1  904,  Hatch  1957),  but  appear
to  pollinate  them  only  rarely.

The  P/O  ratio  in  L.  americanum  is  about  1  00  times  higher  than
for  the  average  self-compatible  species  (Cruden  1977),  and  may  be

>  interpreted  as  an  indication  of  wind-pollination.  It  is  equally  pos-
sible,  however,  that  this  ratio  is  the  result  of  the  function  of  pollen
as  the  pollinator  reward,  together  with  the  relative  inefficiency  of
beetles  as  pollinators  compared,  for  example,  to  bees  (Pellmyr
1985).  Camazine  and  Niklas  (1984)  suggested  that  the  closely
related  Symplocarpus  foetidus  may  be  wind-pollinated,  rather  than
insect-pollinated.  This  conclusion  was  based  on  the  scarcity  of  in-
sects,  documented  by  the  authors  as  well  as  earlier  investigators  (e.g.,
Trelease  1879),  aerodynamic  properties  of  the  spathe,  poor  syn-
chronization  of  flowering  within  populations  (Niklas,  pers.  comm.).
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Table  2.  Results  from  Experiments  on  Function  of  Color  and  Fragrance
IN  Attraction  of  Pelecomalius  testaceum.  Numbers  represent  individual  beetles
observed during 30 minute intervals.

No.  of  ap-  No.  of
proaches  alight-

Experiment  only  ings  G-test

1.
Spathe  in  sealed  dish  4  1  G  =  1.386
Leaf  in  sealed  dish  0  0  df  =  1;  n.s.

2.
Leaf  in  sealed  dish  1  1  G  =  14  699
Spathe  hidden  between  leaves  ,p  i  '  ^nnm_r.jju  1  ic  di=l;p<  0.001m  perforated  dish  2  15

3.
Spathe  in  sealed  dish  1  3
Leaf  in  sealed  dish  0  0
Spathe  in  vase  0  38

4.
Inflorescence with female-

stage  spadix  1  13  G=  1.202
Inflorescence  with  male-  df  =  1;  n.s.

stage  spadix  2  8

G = 68.002
df=  2;  p  <  0.001

and  considerable  flexibility  in  flowering  time  between  years.  Al-
though  the  aerodynamic  properties  of  the  open  spathe  of  L.  ameri-
canum  are  unknown,  potential  pollinators  are  present  and  flowering
time  is  relatively  constant  between  years  (Meeuse,  pers.  comm.)  and
highly  synchronized  within  populations.  These  characteristics  to-
gether  with  the  absence  of  Lysichiton  pollen  on  the  pollen  traps
suggest  insect  pollination  rather  than  wind-pollination  in  L.  ameri-
canum.

Successful  attraction  to  female-phase  flowers,  where  rewards  are
lacking,  may  be  a  case  of  "pollination  by  deceit"  (sensu  Baker  1976).
The  inflorescence,  however,  still  serves  the  function  of  a  mating  site,
a  crucial  resource  to  the  beetles,  and  thus  the  system  cannot  be
considered  entirely  deceptive.

The  behavior  experiments  indicate  a  sequential  function  of  stimuli
in  attraction  of  beetles.  Odor  alone  induced  search  behavior,  whereas
non-odorous  yellow  dishes  did  not.  When  the  entire  spathe  was
exposed,  the  number  of  alightings  increased  with  a  factor  of  about
2.5.  This  suggests  that  the  fragrance  elicits  search  behavior  in  P.
testaceum  for  yellow  objects.  A  few  similar  cases  are  known  from
nocturnal  as  well  as  diurnal  moths—  the  fragrance  of  Melandrium
album  (Caryophyllaceae)  induces  search  for  white  objects  in  Hadena
(Noctuidae)  (Brantjes  1  976),  and  several  plusiine  moths  behave  sim-
ilarly  when  exposed  to  fragrance  of  Platanthera  spp.  (Orchidaceae)
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(Nilsson  1978)  and  other  flowers  (Schremmer  1941).  Although  strong
fragrance  is  typical  of  most  beetle-pollinated  flowers  (Faegri  and  van
der  Pijl  1979),  the  sensory  steps  in  pollinator  attraction  are  usually
not  known.  It  is  important  to  point  out  that  these  experiments  did
not  allow  the  conclusion  that  the  beetles  possess  color  vision.  Be-
cause  we  could  not  match  green  leaves  and  yellow  spathes  for  bright-
ness,  it  is  possible  that  the  insects  only  detected  differences  in  bright-
ness.  Knoll  (1926)  used  purple  and  white  glass  models  to  study  the
effects  of  odor  on  the  pollinators  of  the  purple-spathed  Arum  nigrum.
Presence  of  the  carrion-like  odor  resulted  in  as  many  visits  to  each
of  the  models  as  to  the  natural  ffowers.  The  results  demonstrate  that
the  odor  could  attract  the  visitors,  but  his  experiments  are  incon-
clusive  as  to  whether  visual  stimuli  are  important  in  pollinator  at-
traction.

Pelecomalius  testaceum  is  apparently  heavily  specialized  on  Ly-
sichiton  americanum  during  its  adult  life.  The  inflorescence  is  a  focal
spot  for  mating  activities,  it  provides  some  degree  of  shelter  during
mating,  and  it  is  a  cornucopia  of  food.  The  life-cycle  of  the  genus
Pelecomalius  may  be  closely  tied  to  Lysichiton.  A  number  of  species
were  described  by  Casey  (1886,  1893)  from  small  numbers  of  in-
dividuals  collected  on  or  around  L.  americanum  in  California.  Sev-
eral  were  not  recognized  by  Schwarz  (1892),  and  Hatch  (1957)  listed
only  two  species,  both  with  distributions  well  matching  that  of  Ly-
sichiton  americanum.

In  Japan  and  the  northern  Pacific  parts  of  Asia,  Lysichiton  cam-
tschatkense  grows  in  much  the  same  habitats  as  its  North  American
vicariant  (Ohwi  1984).  The  only  obvious  diflerence  from  L.  ameri-
canum  is  its  bright  white  spathe.  Studies  of  the  pollination  biology
of  L.  camtschatkense  could  provide  data  for  a  better  understanding
of  the  evolution  of  interaction  between  Pelecomalius  and  Lysichiton.
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