
THE OVERVIEW OF THE FAMILY ANNONACEAE AND 
GENUS G O N I O T H A L A M U S

Annonaceae  (custa rd  app le  fam ily) are a pan trop ica l fam ily  o f sh rubs, trees  

and lianas. The fam ily is a m em ber o f M agno lia les and basa lly  pos itioned  w ith in the  
ang iospe rm  (Soltis et al., 2000; APG II, 2003). The estim ated age o f stem  Annonaceae  

a cco rd in g  to W ikstrom , Savola inen and Chase (2001) is between 82 and 91 M yr ago. 

This p roposed  da te  is con firm ed  by R ichardson et al. (2004) whose estim a ted  age o f the  

fam ily  ob ta ined  when ca lib ra ting  the tree using Archaeanthus is 90.6 ± 1.3 M yr ago and  

p laced  the fam ily at the stem  o f M agno liaceae . The o ldes t remains o f the fam ily  are 
seeds w ith a pericha laza l ring and endospe rm  with lamelliform  rum ination tha t were  

found  in the M aastrich tian o f N igeria  (Chesters, 1955) and prim itive  po llen m orpho logy  

from  Co lum b ia  (Sole de Porta, 1971). This ev idence  sugges ts  tha t the Annonaceae  

o rig ina ted  in w es t G ondwana land (R ichardson et al., 2004). Post-Eocene coo ling  
p resum ab ly  resu lted in d is junc tive  d is tribu tions of taxa be tween trop ica l A frica , Asia and  
the New W orld . Goniothalamus-Neostenanthera A frican-Sou theast As ian (34.9-41.1 ±

2.8 M yr ago) estim a ted  sp lits  cou ld  be the result o f such a d is rup tion  o f bo reo trop ica l 

vege ta tion  (Penn ington and D ick, 2004). From age estim ates fo r the d ive rs ifica tion  o f 

spec ie s -r ich  genera , the most rap id  rad ia tion seems to have taken p lace  in the  

Southeast As ian genus Goniothalamus, whose crown is estim a ted  at 3 .6 -4 .8  ± 1.5 Myr 
ago (R ichardson et al., 2004).

A lthough  the position o f A nnonaceae  am ong the flowering  p lan ts and the ir 

m onophy ly  are not d ispu ted  (Doyle et al., 2004), the re la tionsh ips o f the gene ra  w ith in  

the fam ily  are not well understood . M orpho log ica l cha rac te rs  tha t are useful fo r the  
de lim ita tion  o f genera  and spec ies  are a lso ove rlaped  at h ighe r ta xonom ic leve ls (e.g. 
triba l level). More o r less formal c la ss ifica tion  based on in tu ition or phene tic  ana lyses of 
m orpho log ica l cha rac te rs  (Hutch inson , 1923, 1964; S incla ir, 1955; Fries, 1959; W alker, 
1971; Van Heusden, 1992; Van Setten and Koek-Noorman, 1992; Ke file r, 1993; Koek-
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Noorman, Van Setten and Van Zuilen, 1997) do not a ccu ra te ly  p red ic t re la tionsh ips  
am ong genera  in Annonaceae.

The genus Goniothalamus is one o f the la rgest and most im portan t genera  
of the A nnonaceae  in Asia. W idesp read  in trop ica l and sub trop ica l Asia  (F igure 2.1), 

they p rim a rily  o ccu r in Malesia bu t a few  spec ies also o ccu r in China, the Indian  

subcon tinen t and northern Austra lia . To date, more than 150 taxa have been desc ribed  

in Goniothalamus ; abou t 120 spec ies  and 10 subspec ies /va rie tie s  are curren tly  
re cogn ized  (Mat-Salleh, 1993; Saunders, 2002, 2003). Most spec ies  o f Goniothalamus 
are sm all m onocau lous tree le ts. Hence, they have not been used as m a jo r com m erc ia l 

tim be r fo res t p roducts . Nevertheless, m any o f the spec ies have p rom is ing  m edic ina l 

value. They have been w ide ly  u tilized in trad itiona l m edic ina l p rac tices . Goniothalamus 
are espec ia lly  popu la r among Asian native women as post-nata l m ed ic ines and  
abo rtifac ien ts  (Burkill, 1935; Perry, 1980; Mat-Salleh, 1989). The genus is cha rac te rized  

by ax illa ry (or s ligh tly  sup ra -ax illa ry) flowers tha t are gene ra lly  penden t. As w ith most 

Annonaceae , the flowers have three sepa ls and two whorls o f th ree peta ls . The outer 

peta ls are typ ica lly  la rge r than the inner (a lthough som etim es only s ligh tly  so), and the  

inner pe ta ls cove rs over the rep roduc tive  o rgans, fo rm ing a d is tin c tive  m itrifo rm  dome. 
The flowers are b isexual, w ith numerous free stamens and ca rpe ls . The stam ens have  
b road  ap ica l connec tives tha t are va riab le  in shape, rang ing from  trunca te  to ap icu la te , 

and thecae  tha t are sep ta te ; the pollen is re leased as te trads. The apoca rpous  fru its are 

taxonom ica lly  ve ry im portant, w ith varia tion  in size, shape, indûment, pedunc le  and stipe  
length (Saunders, 2003).

A  w ide ly  used intrafam ilia l c lass ifica tion  o f the A nnonaceae  was in troduced  
by Bentham  and Hooker (1862), in wh ich  they p laced  the genera  into five tribes based  
on the aestiva tion o f ca lyx and co ro lla  and the struc tu re  o f the stam en connective . เท 
the ir c lass ifica tion , the genus Goniothalamus was cons ide red  a m em ber o f the tribe  
Mitrephoreae (whose inner peta ls cu rve  ove r the sexual o rgans fo rm ing  a dom e-shaped  

“m itr ifo rm ” structure ) toge the r w ith  Mitrephora, Pseuduvaria, Friesodielsia, Orophea, 
Popowia and Neo-uvaria. เท R id ley ’s Flora o f the Malay Peninsula (1922), the  
Annonaceae  were g rouped  into six tribes . Goniothalamus was in the tribe  M itrephoreae1
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a long w ith  Orophea, Oxymitra, M itrephora and Popowia. S inc la ir’s (1955) revis ion o f the  

Peninsu lar M alaysian A nnonaceae , however, noted that wh ile  Orophea fits the  
c ircum sc rip tio n  o f the tribe  Mitrephoreae by virtue o f the cha rac te rs  o f its inne r peta ls, 
som e m em bers o f th is genus also have unusual stam ens tha t assoc ia te  it w ith tribe  

Miliuseae. S inc la ir fu rther noted tha t the inner pe ta ls o f Mitrephora, Popowia and Neo- 
uvaria are un ited on ly at the beg inn ing  o f flow er deve lopm en t and are separa ted  at 
anthesis . On ly flowers o f Goniothalamus, Friesodielsia and Pseuduvaria have a true  

m itriform  dom e during  anthesis. Based on flora l cha racte rs , S inc la ir (1955) sugges ted  

tha t Friesodielsia is pe rhaps the nearest re la tive o f Goniothalamus. M em bers of 

Friesodielsia, however, are exc lus ive ly  scanden t lianas, a hab it unknown in 
Goniothalamus, and the leaves are gene ra lly  small. Furthermore, S inc la ir in ferred that 

the c loses t genus to  Goniothalamus is p robab ly  Mitrephora, bu t th is genus has d iffe ren t 

and un ique cha rtaceous leafy ou te r pe ta ls and the m itriform  inner pe ta ls are free before  

anthes is , sp read ing  and genera lly  much sm a lle r than the inner pe ta ls o f Goniothalamus.

Figure 2.1 The d is tribu tion  o f Goniothalamus

Bentham  and Hooker's c la ss ifica tion  (1862) was fu rthe r m od ified  by Fries 

(1959). Fries subd iv id ed  Bentham  and Hooker’s tribe  into 14 new g roups based  on 

add itiona l cha rac te rs  such as the position o f the in flo rescence , the num ber and position
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of the ovules, fru it types, the p resence  o f the floral b rac ts  and stamen and thecae  

cha rac te rs . W alker (1971) used Fries’s c lass ifica tion  as the basis o f an infrafam ilia l 
c lass ifica tion  o f the fam ily, enhanced  ye t using pollen charac te ris tics . These cha racte rs  

are s im ila r to the po llens of Anaxagorea1 Piptostigma, Xylopia, Fusaea, Duckeanthus , 

Cananga, Meiocarpidium, Neostenanthera and Richella1 thus g rouped  เท “ the Fusaea 
Sub fam ily ” เท W a lker’s c lass ifica tion . Recently, there have been severa l m orpho log ica l 

and m o lecu la r c la d is tic  s tud ies o f the ang iospe rm  fam ily A nnonaceae , all o f w h ich  have  
in d ica ted  tha t Goniothalamus is in the “ long b ranch c la d e ” to ge the r w ith  

Dasymaschalon, Friesodielsia, Annona, Rollinia, Asimina, Disepalum, Anonidium  and  

Neostenanthera (Doyle and Le Thomas, 1994; R ichardson et al., 2004).

There is con flic ting  op in ion  abou t the gene ric  de lim ita tion  and re la tionsh ips  

am ong Goniothalamus and re la ted genera . On the one hand, it has been sugges ted  that 
Goniothalamus is re la ted to Pseuduvaria, Orophea, Oxymitra, M itrephora and Popowia 
(S incla ir, 1955; Fries, 1959). On the o ther hand, it has been sugges ted  that 
Goniothalamus is more c lose ly  re la ted to Anaxagorea, Piptostigma, Xylopia, Fusaea, 
Duckeanthus, Cananga, Meiocarpidium, Neostenanthera and Richella (W alker, 1971; 

Koek-Noorm an et al., 1997). However, the m o lecu la r phy logene tic  o f Annonaceae  

sugges ted  tha t Goniothalamus is c lo se ly  re la ted to Anonidium, Neostenanthera, 
Disepalum, Asimina, Annona, Rollinia (R ichardson et al., 2004).

The firs t au thor to fo rm a lize  the in frageneric  c lass ifica tion  o f Goniothalamus 
was Boerlage (1899) who p roposed  the section Beccariodendron to accom m oda te  
Beccariodendron grandiflorus and o the r ทานIti-ovulate spec ies  o f Goniothalamus. 
M em bers o f Goniothalamus w ith one or two ovules were g rouped  into section  Eu- 
Goniothalamus. However, B oe rlage ’s c lass ifica tion  has not been adop ted  by later 

authors. Until S inc la ir (1955) subsequen tly  c lass ified  the genus into two in formal g roups  
using stam en cha rac te rs , ap icu la te  and convex stamen connectives , because  they are 
eas ie r to be observed  เท herbarium  spec im en .

W alker (1971) s tud ied  po llen cha rac te ris tics  o f n ine spec ie s  of 

Goniothalamus. His report ind ica ted  tha t the pollen o f Goniothalamus cons is ts  of
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te trahedra l o r te tragona l te trads, w ith  he te ropo lar, b ila tera l, ca tau lce ra te , d isc-like  

concave -convex  gra ins. The gra ins are com para tive ly  large to ve ry large, ave rag ing  95 

pm เท d iam eter. They are m icro tec ta te , w ith no d isce rn ib le  co lum e llae , and w ide  p itted  

or o therw ise ps ila te  exine. However, the m orpho logy o f po llen and te trads  observed  เท 
th is s tudy  d id  not o ffe r enough d ive rs ity  to be useful fo r c lass ifica tion  at the spec ies  

level. The po llen o f Goniothalamus is more or less homogenous th roughou t the genus. 

W hen Le Thomas (1981a, 1981b) d isc lo sed  more rem arkab le  s truc tu ra l d ive rs ity  of 

Annonaceae  pollen, it was found tha t all A nnonaceae  pollen lacks endexine , a feature  

othe rw ise  found in the m onoco ty ledons. She also found tha t the reduc tion  o f pollen  

u ltras truc tu re  is pa ra lle led  by floral reduction  and conc luded  tha t the fam ily is perhaps  

fin ished  an evolution.

Ban (1974a) reported  tha t the s ing le  most taxonom ica lly  im po rtan t pa rt o f the  

stam en is the connective , espec ia lly  the tip . เท fact, stamen connec tives have been  

w ide ly  u tilized เท trad itiona l c lass ifica tion  to d iv ide  Goniothalamus into subgene ra  or 
sections. Thus Bân (1974b) p roposed  his in fra -generic  c lass ifica tion . Bân was do ing  

little more than fo rm a liz ing existing “ d icho tom ous keys” as a sup ra spec ific  c lass ifica tion , 

and tha t none o f his sec tions /subsec tions have been assessed to de te rm ine  whe ther 

they are tru ly  m onophyle tic . He d iv ided  the genus into two subgene ra  using stam inal 
connec tive  shape, Goniothalamus (ap icu la te  stamens) and Truncatella (truncate  
stam ens). He fu rthe r p roposed  fou r sections, two sections in each subgenus , based  on 

the shapes o f the stigm a and styles. เท add ition , he used num ber o f ovu les on ly at the  
subsec tion  level. However, some spec ies  have in te rm ed iate  stamen cha rac te rs  between  

two subgene ra .

A cco rd in g  to the surveys to estab lish  the base ch rom osom e num ber in the  
Annonaceae , the genus Goniothalamus is not well represen ted  in a ccoun ts  of 
ch rom osom e da ta  fo r the fam ily. On ly five papers p rov ide  o rig ina l ch rom osom e counts  

fo r the genus. Reports by Ehrendorfe r e t al. (1968), Sobha and Ram achandran (1979), 
O kada and Ueda (1984), Sauer and Ehrendorfe r (1984) and Morawetz (1988) fo r G. 
grandiflorus, G. microphyllus, G. opacus1 G. wynadensis and G. australis show  a 

cons is ten t coun t o f 2n = 16.
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Annonaceae  w oods p resen ted  fine con tinuous tangen tia l bands of 

pa renchym a rays, occu rring  w ith rem arkab le  un iform ity and cons is tency  am ong all 
genera . เท con tras t to the ra ther p rim itive  floral cha racte rs , however, w oods of 

Annonaceae  seem  to attain a h igh level o f anatom ica l spec ia liza tion  (Wyk and Canrigh t, 

1956). Later B lunden and Jewers (1973, 1974a, b) m entioned the ana tom ica l analysis  
fo r Bornean Goniothalamus1 G. andersonii, G. macrophyllus, G. malayanus and G. 

velutinus tha t the ir leaf, stem  and root ana tom ica l fea tures can be used to d iffe rentia te  

taxa.

Most Goniothalamus spec ies are concen tra ted  in W est Malesia w ith high  
pe rcen tage  o f endem ics in Indoch ina , Borneo, the Philipp ines and New Guinea. เท his 
revis ion o f Bornean represen ta tive , Mat-Salieh (1993) showed that Borneo has a 

rem arkab le  represen ta tion o f richness and d ive rs ity  o f the genus. A  tota l o f 30 species, 

in c lud ing  11 new spec ies , o f the genus are cu rren tly recogn ized  from  Borneo, the 
la rges t num ber represen ted  เท any s ing le  b iogeog raph ic  area. Based on in flo rescence , 

inne r peta l dom e, stamen, gynoec ium  and leaf cha racte ris tics , 11 in formal spec ies  

a lliances were es tab lished fo r the Bornean species. Twenty-four spec ie s  are local 
endem ics  and 10 Bornean spec ies  are known from  very few  loca lities. The d is tribu tion  of 

these spec ie s  in Borneo and o ther areas and the high pe rcen tage  o f endem ics  

sugges ted  tha t the most o f these Goniothalanus spec ies  are loca lly evo lved.

Mat-Salleh, Lim and Ratnam (2000) s tud ied  PCR-DAMD using M13 universal 
p rim e r to de te rm ine gene ric  re la tedness be tween popu la tions o f G. umbrosus. The  

resu lt showed tha t popu la tions o f kenerak in Kelantan are gene tica lly  c lose  to each  

other. However, Penang popu la tions were a d is tin c t c lus te r o f the ir own. เท contrary, 
ind iv idua ls  from  Perlis showed c lose  re la tionsh ip  w ith o ther ind iv idua ls  from  Kelantan. 

This m igh t ind ica te  tha t Penang popu la tion  is not an in troduced  popu la tion  but an 
iso la ted natura l popu la tion . G ene tic  s im ila rity  o f Perlis-Kelantan popu la tions sugges ted  
tha t G. umbrosus is in fa c t a southern Tha iland element, and they moved sou thward  or 
in troduced  as a m edic ina l p lan t in the east and w est coast o f Peninsular.
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