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S U M M A R Y  

Correlates of ant nectarivory have been investigated in a sample of 75 insect- 
pollinated, nectar-producing southern  Spanish plant species. Ants exploit floral nectar  
opportunistically.  Variation among plant  species in sugar secretion rates and flower 
location relative to ground level do not  influence either the chances of ant visitation 
or  the identi ty of ant species involved . -Mechanica l  restr ict ions on nec tar  accessibility 
( tubular  corollas, occlusive s t ructures)  decrease nectar  thievery. Some evolutionary t rends 
in floral morphology usually related to a decrease in the range of effective poll inators 
alone may simultaneously be interpreted in terms of increased plant  adaptedness  to 
exclude non-pollinating insect nectarivores.  

R E S U M E  

Consommation de nectar par les fourmis sur les fleurs pollinis6es 
par des insectes du sud de I'Espagne 

On a dtudid quelques facteurs lids h la consommat ion  du nectar  chez les fourmis 
dans un dchantillon de 75 esp~ces de plantes du sud de l 'Espagne qui sont  pollinisdes 
par  des insectes et qui produisent  du nectar.  Les fourmis exploitent le nec tar  de fa~on 
opportunis te .  La variation entre les esp~ces de plantes en ce qui concerne le taux de 
sdcrdtion de nectar  et la localisation des fleurs par  rappor t  au sol n 'a  pas d'incidence, 
pas plus que la possibilit6 de visite par  les fourmis ni l ' identitd des esp~ces enregistrdes. 
Les restr ic t ions mdcaniques h l 'accessibilit6 du nectar  (corolles tubulaires,  s t ructures  
fermdes) d iminuent  la consommation de nectar  par  les fourmis.  Quelques tendances 
dvolutives dans la morphologie florale, habi tuel lement  lides ~t une augmentat ion de la 
spdcificitd des pollinisateurs,  peuvent  6tre interprdtdes s imultandment  en termes de meil- 
leure adapta t ion des plantes pour  exclure des insectes non pollinisateurs qui prof i tent  
du nectar.  
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I N T R O D U C T I O N  

A l t h o u g h  t h e y  have  b e e n  o c c a s i o n a l l y  r e p o r t e d  as  p o l l i n a t o r s  f o r  s o m e  
p l a n t s  (e.g., HICKMAN, 1974 ; WYATT, 1981 ; BRANTJES, 1981), an t s  m o s t  c o m m o n l y  
a r e  " u n d e s i r a b l e "  f l o w e r  v i s i t o r s  w h i c h  do  n o t  p e r f o r m  p o l l i n a t i o n  (PRocTOR 
a n d  YEO, 1973 ; FAEGRI a n d  VAN OER PIJL, 1979). P r e s e n c e  of  n e c t a r - f e e d i n g  a n t s  
in f l o w e r s  h a s  b e e n  f o u n d  a s s o c i a t e d  w i t h  d e c r e a s e d  seed  se t  a n d  p o l l i n a t o r  
v i s i t a t i o n  r a t e s  (WYATT, 1980; FRITZ a n d  MORSE, 1981). I n  t h e  t e r m i n o l o g y  
of  INOUYE (1980), a n t s  b e h a v e  as  " n e c t a r  t h i e v e s " ;  w h i l e  t h e y  do  n o t  m a k e  
ho le s  to  e x t r a c t  n e c t a r  a n d  t h e y  e n t e r  the  o p e n i n g s  u s e d  by  p o l l i n a t o r s ,  a mis-  
m a t c h  of  m o r p h o l o g i e s  a n d  b e h a v i o u r s  p r e c l u d e s  p o l l e n  m o v e m e n t  b o t h  
a m o n g  f l o w e r s  a n d  p l a n t s .  W e  p r e s e n t  h e r e  the  r e s u l t s  of  a r e g i o n a l  s u r v e y  
of  the  o c c u r r e n c e  of  n e c t a r - f e e d i n g  a n t s  in  f l ow e r s  of  s o u t h e r n  S p a n i s h ,  nec-  
t a r - p r o d u c i n g  i n s e c t - p o l l i n a t e d  p l a n t s ,  d o c u m e n t i n g  the  i n c i d e n c e  of  th i s  ubi-  
q u i t o u s  g r o u p  o f  n e c t a r  t h i eves  in  a r e g i o n a l  f l o r a  a n d  a n a l y z i n g  s o m e  
c o r r e l a t e s  of  a n t  n e c t a r i v o r y .  

The  s u s c e p t i b i l i t y  of  the  p l a n t  r e w a r d  to  b e i n g  t a k e n  b y  d e t r i m e n t a l  
o r g a n i s m s  has  p r e s u m a b l y  p l a y e d  an  i m p o r t a n t  ro le  in  s h a p i n g  t h e  e v o l u t i o n  
of  p l a n t - a n i m a l  f o o d - m e d i a t e d  m u t u a l i s m s  (e.g., THOMPSON a n d  WILSON, 1978 ; 
THOMPSON ; MCDADE a n d  KINSMAN, 1980 ; C.M. HERRERA, 1982 a ; STEPHEN- 
SON, 1982). D e s p i t e  th is ,  d i s p r o p o r t i o n a t e l y  l i t t le  w o r k  has  b e e n  done  on  
the  a c t u a l  i n c i d e n c e  of  " p a r a s i t e s  ", on  m u t u a l i s m s  ( sensu  JANZEN, 1975), in  
c o m p a r i s o n  w i t h  t h e  e x t e n s i v e  a t t e n t i o n  r e c e i v e d  b y  the  i n t e r a c t i o n  of  
m u t u a l i s t i c  o r g a n i s m s  (bu t  see  JANZEN, 1977 ; WYATT, 1980 ; YOUNG, 1980 ; FRITZ 
a n d  MORSE, 1981 ; MCDADE a n d  KINSMAN, 1980 ; GILL et al., 1982 ; ROUBIK, 1982). 
The  i d e n t i f i c a t i o n  of  s o m e  a n t  o r  p l a n t  f e a t u r e s  a s s o c i a t e d  w i t h  n e c t a r  t h i e v e r y  
m a y  c o n t r i b u t e  to  t he  u n d e r s t a n d i n g  of  s o m e  g e n e r a l  a s p e c t s  of  p l an t -  
p o l l i n a t o r  e v o l u t i o n a r y  i n t e r a c t i o n s .  

S T U D Y  A R E A  A N D  M E T H O D S  

Information presented in this paper ,was gathered during 1981-82 as part  of more 
extensive regional studies on the floral biology (J. HERRERA, 1982) and reproductive 
ecology (C.M. HERRERA, unpubl.) of southern Spanish plants. Data ~vere mostly collected 
in 12 localities broadly distributed across Andalusia, the southernmost Spanish region 
(table I). They encompass a broad variety of habitat types, ranging from coastal sclero- 
phyllous scrublands to montane pine forests (1 700 m elevation), although most sites are 
vegetated by various modalities of mediterranean scrub. We are confident that all 
major habitat types in the region have been sampled. Sites fall into two contrasting 
elevational groups, lying either in the lowlands of the lower Guadalquivir River valley 
or at various elevations on any of the ~wo parallel mountain ranges bordering it. 
Occasional observations and collections ~were done away from these principal study 
sites. 

Flowers from 116 species belonging to 28 plant families 'were examined for nectar 
production following the methods described by J. HERRERA (1982). This involved both 



144 C.M. HERRERA, ,1. HERRERA and X. ESPADALER 

n o  . o  

o o  o o  ~ v v 

,.4 c5 ,.4 ,.4 ,4 c5 c5 ~ ,4 ,4 d 

~= ".~ .~ .~. 

�9 ~~=~ ~ - ~ . ~  ~ ~ . ,  ~ .~ ~ ~ 
. ~  a ~  ~ .~ , ~  ~ 

~ "~ ~ ~ ;= ~ ~ ~ = o o 

"~, "~, 

,.~ ~ ~ ~ ' , u  ~ ~ . u  ~ o 

r,:,. 

~ ~ o z ,~ o ,-, ~ o 

a 



NECTAR T H I E V E R Y  B Y  A N T S  145 

the examination of flowers in the field and the collection of flo~vering stems, ~vhich 
were ikept in closed plastic bags at room temperature and examined for nectar production 
after 24 h. This procedure permitted ascertaining nectar production in a total of 75 
species from 26 families, and this smaller sample (see Appendix for a list of species) 
will be used here to evaluate differential ant incidence among plant species. Species 
~vhose fl(ywers did not secrete nectar have been excluded because, as ants ~vere not 
observed in nectarless flowers, its inclusion 'would have artificially decreased ant incidence 
figures. Herbs constitute 26.7 %, shrubs 62.7 '%, vines 5.3 %, and trees 5.3 ~ of the 
75 nectar-producing plant species considered. They mostly flower in spring and early 
summer, in accordance 'with general phenological trends in the region (J. HERRERA, 1982; 
C.M. HERRERA, in press). 

As an indirect estimate of flower size, average dry ,weight of flowers ~was obtained 
for the 75 species considered. Samples of 20-100 individual newly-opened fiowers ~vere 
air-dried to constant ,weight, weighed to the nearest 0.1 mg, and an average figure 
computed. These data ,were subsequently used to determine any possible relation 
bet~veen size of f lowers and either frequency of ant nectarivory or characteristics of 
foraging ants observed. 

Nectar-feeding ants ,were collected from flowers ~vhenever observed in the course 
of field ,work involving observations and censuses of flower visitors (3. HERRERA, 1982) 
and/or 'while collecting plant stems for the survey of nectar production or other purposes. 
In a single instance, ants remained unnoticed until they emerged from flo~vers held 
in plastic bags. This case refers to flowers ~vith concealed nectar in ~vhich it ~r 
impractical to observe actual nectar feeding by ants in the field, and ~r be discussed 
below. Maximum head width has been taken as an indirect estimator of ant size. 
Individual ants collected in flowers 'were measured and average figures obtained f o r  
every species recorded. These data have been used to investigate a possible relation 
between ant size and floral characteristics. Voucher specimens of ant are at the 
Departamento de Zoologla, Universidad Aut6noma de Barcelona, under EN 1 to EN21, 
ordered as in COLLINGWOOD (1978). 

R E S U L T S  

A s u m m a r y  o[  an t  n e c t a r - f e e d i n g  r e c o r d s ,  al l  loca l i t i e s  c o m b i n e d ,  is 

p r e s e n t e d  in table II. Ants  b e l o n g  to the  s u b f a m i l i e s  M y r m i c i n a e  (2 gene ra ,  

7 species) ,  D o l i c h o d e r i n a e  (1, 2) a n d  F o r m i c i n a e  (6, 12), a n d  w e r e  f o u n d  

f eed ing  on  n e c t a r  in the  f l o w e r s  o f  21 (28.0 %) o f  the  75 spec ies  , exam ined ,  

a n d  13 (50.0 %) of  the  26 fami l ies .  This  r e p r e s e n t s  a c o n s e r v a t i v e  e s t i m a t e  

of  the  a c t u a l  f r e q u e n c y  of  n e c t a r  t h i e v e r y  by  an t s  in  t he  s a m p l e  of  p l a n t  

spec ies  e x a m i n e d .  Absence  of  an t s  f r o m  the  f l ow er s  of  a p a r t i c u l a r  spec ies  
m a y  s i m p l y  m e a n  tha t  i ts  use  by an t s  was  too  i n f r e q u e n t  as to  h a v e  b e e n  

d e t e c t e d  'wi th  o u r  s a m p l i n g  s chem e .  I n  the  case  o f  p l a n t  spec ies  w i t h  
e x t e n d e d  f l o w e r i n g  seasons ,  r e s t r i c t e d  s e a s o n a l  a c t i v i t y  of  an t s  a t  f l o w e r s  

(MERLE, 1982) m a y  p e r h a p s  have  p r o d u c e d  s o m e  n e g a t i v e  r e c o r d s .  

T h a t  an t s  f o u n d  in  f l o w e r s  w e r e  ac tua l l y  f e ed ing  on  n e c t a r  a n d  t ak ing  

a s ign i f i can t  a m o u n t  of  it, is s u p p o r t e d  by the  f o l l o w i n g  o b s e r v a t i o n s .  

Typica l ly ,  an t s  w e r e  i m m o b i l e ,  w i t h  m o u t h p a r t s  in  c o n t a c t  w i t h  nec t a r -  

s e c r e t i n g  s t r u c t u r e s ,  fo r  p e r i o d s  of  up  to  seve ra l  m i n u t e s .  Th is  i n d i c a t e s  

t h a t  t hey  w e r e  no t  co l l ec t ing  po l l en  o r  c a t c h i n g  s m a l l  f l o w e r - d w e l l i n g  insec ts .  

O f t e n  they  s h o w e d  o s t ens ib ly  d i s t e n d e d  a b d o m e n s .  A l m o s t  i nva r i ab ly ,  f l o w e r s  
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being visi ted by  ants  had  no nec ta r ,  'while it m o s t  of ten was p resen t  in 
f lowers  of the same  plant  wi thou t  ants.  The ants  ordinar i ly  were  taking 
nec t a r  as it was  being produced,  as suggested by  the long per iods  they spent  
wi th  m o u t h p a r t s  contact ing secre tory  tissues. Individual  ants ,  even of small- 
sized species, are  able to ingest  a significant f rac t ion  of nec t a r  product ion ,  
as i l lus t ra ted  by  the resul ts  of the following exper iment .  A t  the  end of a 24 h 
per iod,  average  nec ta r  vo lume of 210 Arbiitus unedo f lowers exposed only 
to 35 capt ive individuals of Tapinoma nigerrimum Was reduced  by  a fac tor  
of  4.5 as c o m p a r e d  to control  f lowers  on the same s tems f r o m  which ants  
(and any o the r  visitors) 'were excluded. All ants had  very d is tended abdomens  
a t  the end of the exper iment .  

By compar ing  the f requency of occur rence  of ants among  p lan t  species 
which  differ  in some par t i cu la r  f loral  a t t r ibute ,  it is possible  to ident i fy 
f loral  t ra i ts  significantly associa ted wi th  the presence  of nectar-feeding ants.  
Plant  species were  assigned to e i ther  of  two categories  relat ing to the potent ia l  
accessibi l i ty  of floral nec ta r  to ants : (a) Concealed n e c t a r ;  nec ta r  invisible 
f r o m  the exter ior ,  f lowers wi th  fused  peta ls  and  tubular  corollas,  o r  papi- 
l ionaceous s t ruc tu re  (48 species) ;  (b) Exposed n e c t a r ;  disc-bowl shaped  
f lowers wi th  free petals,  nec ta r  readily accessible (27 species). Ants were  
recorded  in 14.6 % of species wi th  concealed nectar ,  and in 51.9 % of those 
wi th  exposed nectar ,  and the difference is stat ist ically significant  (Chi- 
square  = 11.91, P = 0.0006). The probabi l i ty  of recording nectar-feeding ants  
was  therefore  abou t  three t imes higher  among  species w i th  open corol las  
and  exposed nec ta r  relative to those wi th  tubula r  or  papi l ionaceous corollas 
and  concealed nectar .  Nectar-feeding ants  could in some ins tances  have 
remained  unnot iced  in the field in closed-corolla f lowers,  as suggested by  the 
case of Erinacea anthyllis, in which  ants  were  detected only a f t e r  the i r  
emergence  f r o m  flowers on cut s tems.  Samples  of 10 or  more  f lowering 
s tems  (bearing 100-500 open f lowers)  ~vere however  collected f r o m  
all species surveyed and held for  one day in closed plast ic  bags,  
hence it is ex t remely  unlikely that  ants  p resen t  escaped ou r  a t ten t ion  
We thefore  conclude tha t  the resul t  shown above is not  an ar t i fac t  
of  different ial  detect ion of ants  in f lowers  of different  morphologies ,  
but  it r a the r  reveals  that  fl(~wers of species wi th  exposed nec ta r  are actual ly  
visited m o r e  than  those which  have it concealed a t  the b o t t o m  of m o r e  or  
less closed corollas.  

Among f lowers  wi th  concealed nectar ,  those having tubular ,  sympeta lous  
corol las  (hence excluding papi l ionaceous ones )  of ten have, at  var iable  posi t ions  
along the corol la  tube, some s t ruc ture(s)  occluding total ly or  par t ly  the 
en t rance  to the tube.  These include scales a n d / o r  hairs  (e.g., Borago, Lavan- 
duIa, Phlomis) and the s t amens  themselves  (e.g., Daphne, Vinca, Phagnalon). 
Ants were  r eco rded  in 5 (23.8 %) of the 21 sympeta lous  species lacking occlu- 
sive s t ruc tu res  in the corolla, and in a single species (Phlomis purpurea; 5.3 
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%) of the 19 which  possessed  them.  In  this single instance,  ants  had  been able 
to successful ly  t respass  the occlusive zone and reach the nectaries.  The sample  
of ant-visi ted f lowers  is too small  and the observed  dif ference does not  reach  
significance (P = 0.10, Fisher  exact p robabi l i ty  test),  bu t  these resul ts  suggest  
that ,  a m o n g  species wi th  sympeta lous  flowers,  ant  p resence  tends to be  
preferent ia l ly  associa ted  with corolla tubes  lacking occlusive s t ruc tures .  

I t  m a y  be  hypothes ized  that,  due to potent ia l  influences on the foraging 
eff iciency of ants ,  differences among plant  species in the a m o u n t  of sugar  
potent ia l ly  avai lable  pe r  f lower  may  influence an t  occurrence .  A strong,  
near ly  l inear  posi t ive  re la t ion exists across sou thern  Spanish  nec tar -producing  
plant  species re la t ing daily sugar  secret ion ra te  (SR) and  average f lower  
dry weight  (FW) (J. HERRERA, 1982) : log SR = 0.867 log FW - -  1.026 (r = 0.825, 
n = 42). The hypothes is  above may  be tes ted by  examin ing  w h e t e r  ants  occur  
different ia l ly  among  plants  differing in f lower  size. Average weight  of f lowers 
is g rea te r  for  species where  nectar-feeding ants  have been recorded  (10.8 m g ;  
geomet r ic  mean)  than  for  those which did not  yield ant  records  (4.7 rag) 
(t ---- 2.08, P = 0.041 ; two-tailed test, log t r a n s f o r m e d  weight  data).  In  the 
sample  considered,  f lowers wi th  concealed nec ta r  tend to be  l ighter  than  
those which  have  it exposed (t = 1.89, P = 0.063; log t r a n s f o r m e d  data) ,  
hence suggest ing the possibil i ty tha t  different ial  occur rence  of ants  among  
differently-sized f lowers  might  be jus t  an indirect  resul t  of the s t rong pa t t e rn  
of ant  occur rence  in relat ion to the type of nec ta r  p resen ta t ion  documen ted  
above.  F lower  'weight for  species wi th  and wi thou t  ant  records  was  c o m p a r e d  
separa te ly  for  species 'with exposed (11.9 and 7.3 mg, respec t ive ly ;  geometr ic  
means)  and  concealed (9,0 and 4.1 mg, respectively) nec ta r  and  ne i ther  of the 
two compar i sons  p roved  significant (t = 1.27, P = 0.22 ; t = 0.74, P = 0.46 ; 
log t r a n s f o r m e d  data,  concealed and exposed nectar ,  respectively).  This 
indicates  tha t  ants  occur  more  f requent ly  in large-f lowered species jus t  
because  these  t end  p redominan t ly  to have exposed nec ta r  in the sample  of  
species e x a m i n e d ;  when  nec tar  p resen ta t ion  is accounted  for,,  the t rend of 
g rea te r  an t  incidence among  large-flowered species is no longer significant.  
Sugar  secre t ion  ra tes  of individual f lowers do not  a p p e a r  therefore  to 
influence subs tant ia l ly  the probabi l i ty  of ant  occur rence  when  nec ta r  pre- 
senta t ion type is held constant .  

The tota l  a m o u n t  of sugar  p roduced  per  inf lorescence is p robab ly  of 
g rea te r  s ignif icance to foraging ants  than the a m o u n t  p roduced  by  individual  
f lowers.  A many-f lowered  inflorescence of small  f lowers  m a y  produce  far  
more  nec t a r  than  a few large, isolated flowers.  The d is t r ibut ion  of species 
wi th  and  'without  records  of nectar-feeding ants  among  classes of f lower  
weight  (above and  below the median,  5.25 rag) and  inf lorescence size 
(~-~ 5 and  ~ 5 f lowers)  'was analyzed by  means  of a three;way G-test of inde- 
pendence  (SOKAL and ROHLF, 1969). F lower  weight  and inf lorescence size 
are signif icantly re la ted  in the 75-species sample  cons idered  (G = 20.2, 
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P < 0.0001), l ighter flowers being aggregated into larger inflorescences more  
often than heavier ones. When the effect of flower weight on ant incidence 
is removed,  presence of ants is significantly related to inflorescence size 
(G = 116.0, P ~ 0.0001), species with larger inflorescences yielding relatively 
fewer ant-feeding records than those with smaller inflorescences. This may 
be an indirect result  of the relation between ant occurrence and type of nectar  
presentat ion shown above, since this latter variable (concealed vs. exposed 
nectar) is significantly related to inflorescence size (G = 6.3, P = 0.012). 
Separate analyses of the dependence of ant  occurrence on inflorescence ~ize 
for species wi th  concealed (G = 4.10, P = 0.043) and exposed (G ---= 3.4, 
P = 0.068) nectar  reveal that, after accounting for nectar  presentat ion type, 
a slight t rend still exists, ants tending to occur  more  frequently in species 
with small inflorescences. 

Height above ground of flowers does not have apparent ly  any effect on 
the frequency of occurrence of ants among surveyed species. The propor t ion  
of species with records of nectar-feeding ants is not  significantly different 
for  species having flowers mostly below 0.25 m (33.3 %, n = 15), between 
0.25-0.50 m (14.8 %, n ---- 27), between 0.50-1.0 m (28.6 %, n = 14) and above 
1 .0m ( 4 2 . 1 % , n  = 19) (G = 4.58, P = 0.21). 

There is not  apparent ly  any relation between the size of individual flowers 
(as est imated by average dry 'weight) and the size of visiting ants as est imated 
by maximum head width  (fig. 1). We similarly did not find a relation between 
ant size and flower cross diameter (measured at outermost  per ianth pro- 
jection). Ants of any size may be found visiting flowers of a n y  size in the 
set of species yielding nectar-feeding records. Flowers with concealed and 
exposed nectar  are similar with regard to the size of ants found in them (fig. 1). 

D I S C U S S I O N  

Ant species found feeding in nectariferous flowers apparently, represent  
a haphazard  assor tment  of the southern Spanish ant fauna (see, e.g., HARO 
and COLLINGWOOD, 1977; TINAUT, 1981; FERNANDEZ and RODRiGUEZ, 1982). A 
characteris t ic  of this group of ants is the generalized occurrence (except 
perhaps in Cataglyphis viatica) of some kind of recru i tmant  to food (types II  
and I I I  of foraging strategy ; WILSON, 1971 ; CARROLL and JANZEN, 1973 ; OSTER 
and WILSON, 1978 ; M~SGLICH, 1979 ; ESPADALER, unpublished).  Since nectar  is a 
predictable food in space, but  ephemeral  in time (on a given day), recrui tment  
would be the best  way to maximize colony food intake. Formicine and Doli- 
choderine ants have the proventriculus adapted to crop storage of liquids 
and regurgitative feeding (trophallaxis) (EISNER, 1957). In Myrmicinae the 
proventr iculus is not  so elaborated but  retains its funct ion as a s tomodaeal  
valve, so there is still the possibility of storing liquid and subsequently feeding 
it to other  colony members.  Trophallaxis has been documented  for all genera 
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Fig. 1. - -  There is not any relation between ant size (as estimated by maximum head 
,width) and flower size (dry ~veight). Each symbol represents a plant-ant species 
pair (filled symbols, plants ,with exposed nectar;  open symbols, plants ~with 
concealed nectar). See table II  ' for head ~vidth and flower ~veight values of the 
various ant and plant species. 

Fig. 1. - -  II n'y a aucune relation entre la taille de la fourmi (6valude par la largeur 
maximum de la t~te) et la taille de la fleur (poids sec). Chaque symbole repr6sente 
une paire plante-fourmi (symboles pleins, plantes avec du nectar expos6 ; symboles 
vides, plantes avec nectar enferm6). Voir tableau II  pour la targeur de Ia t~te 
et la valeur du poids des fleurs pour diff6rentes esp~ces de fourmis et de plantes. 

a n d  n e a r l y  a l l  spec i e s  f o u n d  f e e d ing  on  n e c t a r  in  the  p r e s e n t  s t u d y  ( W I L S O N  

a n d  EISNER, 1957; STUMPER, 1961; WALLIS, 1961; WILSON a n d  ,FA6EN, 1974; 
LENOIR, 1979 a, 1979 b ; JAISSON, 1980 ; BONAVITA a n d  GAVIOLI, 1981 ; ESPAI)ALER, 
u n p u b l i s h e d ) .  F o o d  h a b i t s  of  t h e s e  spe c i e s  a r e  p o o r l y  k n o w n  ; s o m e  of  t h e m  
have  b e e n  r e p o r t e d  as  n e c t a r i v o r e s ,  o m n i v o r e s  o r  a p h i d  t e n d e r s  (SouLIE, 1956 ; 
BARONI URBANI, 1968, 1978; DU MERLE, 1982), b u t  t h e i r  f e e d ing  r e g i m e s  m a y  
v a r y  w i t h  h a b i t a t  t y p e  a n d  s ea son  (Du MERLE et  al., 1978 ; BENmS et  aL, 1978). 
All  t he se  d a t a  p o i n t  to  a n  u n s p e c i a l i z e d  e x p l o i t a t i o n  of  f l o r a l  n e c t a r  b y  a n t s  as  
a g r o u p  in t h e  s t u d y  reg ion ,  as  t h e i r  c o r r e l a t e s  ( t r o p h a l l a x i s ,  r e c r u i t m e n t  
b e h a v i o u r )  a r e  of  a ve ry  g e n e r a l i z e d  n a t u r e .  

I n t e r s p e c i f i c  v a r i a t i o n  in f l o w e r  size,  c o n c o m i t a n t  s u g a r  s e c r e t i o n  ra t e ,  
a n d  h e i g h t  a b o v e  g r o u n d  do  n o t  i n f l u e n c e  the  c h a n c e s  of  a n t  v i s i t a t i o n  a t  
the  s p e c i e s  level .  F l o r a l  s t r u c t u r e  does  have ,  h o w e v e r ,  s i g n i f i c a n t  e f f ec t s  o n  
a n t  i n c i d e n c e  a t  t he  spec i e s  level .  P l a n t  spe c i e s  w i t h  d i sc  b o w l - s h a p e d  f l o w e r s  
w i t h  e x p o s e d  n e c t a r  have  r e c o r d s  of  n e c t a r - f e e d i n g  an t s  m o r e  f r e q u e n t l y  t h a n  
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t h o s e ' w i t h t u b u l a r c o r o l l a s  a n d c o n c e a l e d  nectar .  A m o n g  the l a t t e r ,  an ts  
were  found  less of ten among  species possessing some kind of occlusive struc- 
ture in the corol la  tube. These resul ts  show tha t  mechanica l  res t r ic t ions  on 
nec ta r  accessibi l i ty  (and /or  detectabil i ty) are  p robab ly  decreasing the chances  
of thievery by  oppor tun is t i c  ants.  

Floral  nec t a r  consumpt ion  by non-poll inating agents  has in m o s t  ins tances  
a de t r imen ta l  effect  on vis i ta t ion ra tes  by  pol l inators  and  thus may  affect  
adverse ly  reproduc t ive  success th rough  reduct ion  in seed s e t  (WYATT, 1980; 
MCDADE and  KINSMAN, 1980 ; FRITZ and MORSE, 1981 ; GILL et al., 1982 ; ROUBIK, 
1982). The ubiqui ty ,  general  abundance,  oppor tun is t i c  feeding, and recruit-  
m e n t  behav iou r  of  ants (CARROLL and JANZEN, 1973) p robab ly  make  of t hem 
outs tanding  selective agents on plants.  This has favoured  the evolution of a 
var ied a r r a y  Of " defens ive"  mechan i sms  against  nec ta r  pilferage. Chemical  
de te r ren t s  in f loral  nectar  or  floral t issues (JANZEN, 1977; FEINSINGER and 
SWARM, 1978 ; GUERRANT and FIEDLER, 1981 ; STEPHENSON, 1981) and extraf loral  
accessory  s t ruc tu re s  such as bracts ,  t r ichomes ,  s t icky belts  or  nectar ies  
(FAEGRI and VAN DER PIJL, 1979; PROCTOR and YEO, 1973; FEINSINGER and 
SWARM, 1978; GUERRANT and FIEDLER, 1981) have been ordinar i ly  ment ioned  
as adap ta t ions  of  plants  to reduce the de t r imenta l  effects  of  ants.  Floral  
s t ruc tu re  has been  shown here to influence also ant  visi tat ion of f lowers at  
the species level. Pat terns  of occur rence  of these defensive me thods  among  
plant  species,  as 'well as their  differential  effect iveness at  excluding ants  
f rom flowers,  have been not investigated. Nevertheless ,  the few studies so 
far  conduc ted  ment ioned  above suggest tha t  (1) p lants  have several  dist inct  
defensive opt ions  available and may  use them in terchangeably  ; (2) no single 
me thod  is universal ly  effective against  nec ta r  th ievery by all k inds  of a n t s ;  
and  (3) the var ious  defense methods  available to plants  are not  mutual ly  
exclusive, and  a plant  may  use several  of these s imul taneous ly  to increase 
floral p ro tec t ion  f rom ants.  This would  explain (1) the f requent  absence of 
ants  f rom species lacking one par t icu lar  fea ture  which  is kno~vn to decrease 
ant  incidence (e.g., nearly 50 % of species wi th  disc bowl-shaped ' f lowers in 
this s tudy did not  yield ant  records)  ; and  (2) its presence  in species possessing 
a par t i cu la r  fea ture  generally decreasing ant  incidence (e.g., ants  in closed- 
corol la  f lowers).  

Regardless  of the actual  selective p ressures  that  have p r o m o t e d  their  
evolution, in t raf lora l  features  that  reduce the incidence of nec ta r  thieves 
(toxic or  unpa la tab le  nec t a r ;  tubula r  corollas with occlusive s t ructures)  may  
also reduce  the range of types of legi t imate  f lower vis i tors  (pollinators) via 
morphology-  or  pala tabi l i ty-mediated increases  in p lant  " selectivity "' (MAClOR, 
1971 ; PROCTOR and YEO, 1973 ; STEPHENSON, 1982). A s imilar  s i tuat ion occurs  
among  endozoochorous  plants,  o ther  food-media ted plant-animal  mu tua l i sm 
(VAN DER PIJL, 1972) in which seeds of species wi th  toxic frui ts  (p resumably  
evolved in r esponse  to inver tebra te  des t ruct ive  agents) are  d ispersed by  a 
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n a r r o w e r  r ange  of v e r t e b r a t e  l e g i t i m a t e  f rug ivores  t h a n  p l a n t s  w i t h  n o n t o x i c  
f ru i t s  (C.M. HERRERA, 1 9 8 2 a ;  SORENS~.N, 1983). I n  th is  way,  de fens ive  
m e c h a n i s m s  have  as an  i n d i r e c t  r e s u l t  a r e d u c t i o n  in  the  n u m b e r  of a n i m a l  
m u t u a l i s t i c  c o u n t e r p a r t s  i n t e r a c t i n g  w i t h  a p a r t i c u l a r  p l a n t  species ,  t h u s  
i n c r e a s i n g  i ts  re la t ive  d e p e n d e n c e  on  i n d i v i d u a l  a n i m a l  species  and ,  concei-  
vably,  e n h a n c i n g  the  p o t e n t i a l  for  p l a n t - a n i m a l  c oa da p t a t i on .  S o m e  evo- 
l u t i o n a r y  t r e n d s  in  f lora l  m o r p h o l o g y  ~vhich have  b e e n  i n t e r p r e t e d  " as a 
r e s p o n s e  to i n c r e a s i n g l y  m o r e  soph i s t i c a t e d  a n d  re l i ab le  p o l l i n a t o r s "  (CREPET, 
1979) m a y  have  s i m u l t a n e o u s l y  p l ayed  an  i m p o r t a n t  role  in  i m p r o v i n g  p l a n t  
ab i l i ty  to exclude  n o n - p o l l i n a t i n g  insec t  nec t a r ivo re s .  

ACKNOWLEDGMENTS.  - -  We are indebted to Juan A. AMAT and Manolo CARRI6N for assistance 
i n  the field, a n d  our home institutions and the Comisi6n Asesora de Investigaci6n 
Cientifica y T4cnica (through a grant to S. TALAVERA, Departamento de Bot~mica, Facultad 
de Biologia, Sevilla) for support. Thar~ks are due to Daniel JANZEN for helpful comments 
and suggestions on an earlier version of this paper. 

A P P E N D I X .  - -  Nectar-producing, insect-pollinated southern Spanish plant species considered 
in this study. 

Apocynace~e: Vinca difformis. 
Aquifoliace~e : IIex aquifolium. 
Berberidacem : Berberis hispanica. 
Boraginace~ : Borago o/ficinalis, Cerinthe major, Cynoglossum clandestinum, C. creticum, 

Echium albicans, E. gaditanum, E. plantagineum, Lithospermum #uticosum. 
Caprifoliacem: Lonicera implexa, L. periclymenum, Viburnum tinus. 
Cistacem: Cistus albidus, C. crispus, C. ladani/er, C. monspeUiensis, C. salvifolius, 

Helianthemum croceum. 
Compositm : Phagnalon saxatite. 
Cornacem: Cornus sanguinea. 
Cruciferm: Malcolmia lacera. 
Cucurbitacem : Bryonia dioica. 
Dioscoreacem : Tamus communis. 
Ericaee,~ : Arbutus unedo, Erica umbellata, Rhododendron ponticum. 
Labiatm: Ballota hirsuta, Lavandula lanata, L. latifolia, L. stoechas, Micr.omeria graeca, 

Origanum virens, Phlomis crinita, P. purpurea, Rosmarinus of[icinalis, Teucrium 
fruticans, T. polium, T. scorodonia, Thymus baeticus, T. capitatus, T. granatensis, 
T. ~mastichina, T. tomentosus, T. vulgaris. 

Leguminos~e : Anthyllis cytisoides, A. tejedensis, Astragalus lusitanicus, Erinacea anthyllis, 
Lotus creticus, Lygos sphaerocarpa, Psoralea bituminosa. 

Liliace~e: Asphodelus aestivus, A. ramosus, ScilIa peruviana, Smilax aspera, Urginea 
maritima. 

Oleacem : Jasminum #uticans. 
Primnlacea~ : Coris monspetliensis. 
Ranunculace~e : Helleborus foetidus. 
Rhamnacem : Rhamnus myrtifolius, R. lycioides. 
Rosac~e: Crataegus monogyna, Prunus prostrata, Sorbus domestica. 
Rubiacem : Putoria calabrica. 
Rutace~ : Ruta graveolens. 
Santalacem: Osyris alba, 0. quadripartita. 
Scrophulariace,,~ : Antirrhinum majus, Scrophularia sambucifolia. 
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Thymel~eacem : Daphne gnidium, D. laureola. 
Umbel l i ferae  : Bupleurum spinosum. 

Re4erences 

BARONI URBANI C., 1968. - -  La f a u n a  m i r m e c o l o g i c a  delle isole  mal teS i  ed  il s u o  s!gnifi~ 
ca to  ecologico  e b iogeogra f i co .  Ann. Mus. Civ. St. Nat. Genova, 77, 408-559. 

BARONI URBANI C., 1978. - -  Ana lyse  de  q u e l q u e s  f a c t e u r s  a u t d c o l o g i q u e s  i n f l u e n g a n t  la  
m i c r o d i s t r i b u t i o n  des  f o u r m i s  d a n s  les i les de l ' a r ch ipe l  t o scan .  Bull. Soc. Ent. 
Suisse, 51, 367-376. 

BENOIS A., MERLE P. Du,  LAFONT J.P., MARRO J.P., 1978. - -  L 'ac t iv i td  o o p h a g e  de  la m y r m 6 c o -  
f a u n e  d a n s  d i f f 6 r e n t s  m i l i e u x  d u  M o n t  Ven toux .  Ann. Zoot. Ecol. Anim., 10, 205-219. 

BONAVITA A., GAVIOLI M., 1981. - -  Les  i n v e r s i o n s  du  s e n s  d u  f lux  a l i m e n t a i r e  au  c o u r s  
d ' u n  m ~ m e  c o n t a c t  e n t r e  deux  ouvr i~ res  chez  la f o u r m i  Camponotus vagus Scop.  
( H y m e n o p t e r a ,  Formicidae) .  Ins. Soc., 28, 321-340. 

BRANTJES N.B.M.,  1981. - -  Ant ,  bee  a n d  fly po l l i na t i on  in  Epipactis palustris (L.) C ran t z  
(Orchidaceae) .  Acta Bot. NeerI., 30, 59-68. 

CARROLL C.R., JANZEN D.H.,  1973. - -  Eco logy  of  f o r a g i n g  by  an t s .  Ann. Rev. Ecol. Syst., 
4, 231-257. 

COLLINGWOOD C.A., 1978. - -  A p r o v i s i o n a l  l is t  o f  I b e r i a n  Formicid~e w i t h  a key  to the  
,worker  c a s t e  ( H y m . ,  Aeulea ta ) .  Eos, 52, 65-95. 

CREPET W.L., 1979. - -  I n s e c t  p o l l i n a t i o n :  a pa l eon to log ica l  pe r spec t ive .  Bioscience, 29, 
102-108. 

EISNER T., I957. - -  A c o m p a r a t i v e  m o r p h o l o g i c a i  s t u d y  o f  t h e  p r o v e n t r i c u l u s  o f  a n t s  
( H y m e n o p t e r a :  Formicidae) .  Bull. Mus. Comp. Zool. Harvard, 116, 439-490. 

FAEGRI K., VAN DER PIJL L., 1979. - -  The principles of pollination ecology. 3rd ed., O x f o r d ,  
P e r g a m o n  Press .  

FEINSINGER P., SWARM LA. ,  1978. - -  H O w  c o m m o n  a re  an t - r epe l l en t  n e c t a r s  ? Biotropica, 
10, 238-239. 

FERNANDEZ J., RODRIGUEZ A., 1982. - -  Les  p e u p l e m e n t s  de f o u r m i s  d a n s  la S i e r r a  M o r e n a  
cen t r a l e  ( E s p a g n e ) .  R a p p o r t s  avec  l ' expos i t i on  et  la v6g~ta t ion .  Ins. Soc., 29, 358-368. 

FRITZ R.S., MORSE D.H.,  1981. - -  N e c t a r  p a r a s i t i s m  of  Asclepias syriaca by  a n t s :  e f fec t  
on  n e c t a r  levels ,  pol l in ia  i n se r t i on ,  po l l i na r i a  r e m o v a l  a n d  pod  p r o d u c t i o n .  (Ecologia 
(Berl.), 50, 316-319. 

GILL F.B., MACE A.L., RAY R.T.,  1982. - -  C o m p e t i t i o n  b e t w e e n  h e r m i t  h u m m i n g b i r d s  
Phae to rn inm a n d  i n sec t s  fo r  n e c t a r  in  a Cos t a  R ican  r a in  fo res t .  Ibis, I24, 44-49. 

GUERRANT E.O., FIEDLER P.L., 1981. - -  F lower  d e f e n s e s  a g a i n s t  nec t a r -p i l f e r age  by  an t s .  
Biotropica, 13, 25-33. 

HARO A. de,  COLLINGWOOD C.A., 1977. - -  P r o s p e c c i d n  m i r m e c o l d g i c a  p o r  An.dalucia.  Bol. 
Est. Centr. Ecol. Madrid, 6, 85-90. 

HERRERA C.M., 1982 a. - -  De fense  of  r ipe  f r u i t s  f r o m  p e s t s :  i ts  s i gn i f i cance  in  r e l a t i on  
to p l a n t - d i s p e r s e r  i n t e r a c t i o n s .  Am. Natur., 120, 218-241. 

HERRERA C.M., 1982 b. - -  S e a s o n a l  va r i a t i on  in  t he  qua l i t y  o f  f r u i t s  a n d  d i f f u s e  coevo lu t ion  
b e t w e e n  p l a n t s  a n d  av i an  d i spe r s e r s .  Ecology, 63, 773-785. 

HERRERA C.M., in  p r e s s .  - -  E s c a l a  e spac i a l  y evo luc idn  de  los m u t u a l i s m o s  p l an ta -  
d i s p e r s a n t e  : e s t u d i o s  en  la S i e r r a  de Cazor la .  Actas I Sem. Res. Biosfera, La Rdbida, 
HueIva ,  Spa in .  

HERRERA C.M., JORDANO P., 1981. - -  Prunus mahaleb a n d  b i r d s :  t he  h igh-e f f i c i ency  s eed  
d i s p e r s a l  s y s t e m  of  a t e m p e r a t e  f r u i t i n g  t ree.  Ecol. Monogr., 51, 203-218. 

HERRERA J., 1982. - -  I n t r o d u c c i 6 n  al e s t u d i o  de  la b io log la  f lora l  del  m a t o r r a l  anda luz .  
Thesis, Univ .  Sevil la ,  Spa in .  

HERRERA J., in  p r e s s .  ~ Vege tac i6n  del  Val le  del  G u a d a h o r n i l l o s  (S i e r r a  de  Cazor la ,  
Ja6n) .  Studio (Ecol. 

HICKMANN J.C., 1974. - -  Po l l i na t i on  by  a n t s :  a low-energy  s y s t e m .  Science, 184, 1290-1292. 
IROUYE D.W., 1980. - -  T he  t e r m i n o l o g y  of  f lora l  l a rceny .  Ecology, 61, 1251-1253. 
JAISSON P., 1980. - -  Les  co lon ies  m i x t e s  p l u r i s p 6 c i f i q u e s :  u n  mod61e p o u r  l ' 6 tude  des  

f o u r m i s .  Biol.-Ecol. Mdd., 7, 163-166. 



154 C.M. H E R R E R A ,  J. H E R R E R A  and X.  E S P A D A L E R  

JANZEN D.H.,  1975. - -  Pseudomyrmex nigropilosa : a p a r a s i t e  o f  a m u t u a l i s m .  Science, 
188, 936-937. 

JANZEN D.H.,  1977. - -  W h y  d o n ' t  a n t s  v is i t  f l ower s  ? Biotropica, 9, 252. 
LENOIR A., 1979 a. - -  Le c o m p o r t e m e n t  a l i m e n t a i r e  e t  la  d iv i s ion  d u  t r ava i l  chez  la 

f o u r m i  Lasius niger. Bull. Biol. F r a n c e  Belg ique ,  113~ 79-314. 
LENOIR A., 1979 b. - -  F eed i ng  b e h a v i o r  in  y o u n g  soc ie t ies  of  t he  a n t  Tapinoma erraticum : 

t r o p h a l l a x i s  a n d  p o l y e t h i s m .  Ins. Soc., 26, 19-37. 
MACIOR L.W., 1971. - -  Co-evo lu t ion  o f  p l a n t s  a n d  a n i m a l s  - S y s t e m a t i c  i n s i g h t s  f r o m  

p l a n t - i n s e c t  i n t e r a c t i o n s .  Taxon, 20, 17-28. 
McDAoE L.A., KINSt~IAN S., 1980. - -  The  i m p a c t  o f  f lo ra l  p a r a s i t i s m  in  two  n e o t r o p i c a l  

h u m m i n g b i r d - p o l l i n a t e d  p l a n t  spec ies .  Evolution, 34, 944-958. 
MERLE P. Du,  1982. - -  F r ~ q u e n t a t i o n  de s  s t r a t e s  a rbus t ive ,  e t  a r b o r e s c e n t e  p a r  Ies f o u r m i s  

en  m o n t a g n e  m 6 d i t e r r a n ~ e n n e  f ran~a ise .  Ins. Soc., 29, 422444. 
MERLE P. Du,  JOURDHEUIL P., MARRO J.P., MAZET R., 1978. - -  E v o l u t i o n  s a i s o n n i 6 r e  de  la 

m y r m ~ c o f a u n e  et  de  s o n  ac t iv i t6  p r f d a t r i c e  d a n s  u n  m i l i e u  f o r e s t i e r  : les  in t e rac -  
t i ons  clair i6re- l is i~re-for~t .  Ann. Soc. Ent. F r a n c e  (N.S.), 14, 141-157. 

M6GLICH M., 1979. - -  T a n d e m  ca l l ing  p h e r o m o n e  in t he  g e n u s  Leptothorax. 1. Chem. Ecol., 
5, 3 5 - 5 2 .  

OSTER G.F., WILSON E.O., 1978. - -  Caste and ecology in the social insects. P r i n c e t o n ,  
P r i n c e t o n  Univ.  P ress .  

PROCTOR M., YEO P., 1973. - -  The pollination of flowers. L o n d o n ,  Col l ins .  
ROUBIK D.W., 1982. - -  T he  ecological  i m p a c t  of  n e c t a r - r o b b i n g  bee s  a n d  p o l l i n a t i n g  

h u m m i n g b i r d s  on  a t rop ica l  s h r u b .  Ecology, 63, 354-360. 
SOKAL R.R.,  ROHLF F.J., 1969. - -  Biometry. San  F ranc i sco ,  F r e e m a n .  
SORENSEN A.E., 1983. - -  T a s t e  a v e r s i o n  a n d  f rug ivo re  p re f e r ence .  CE.cologia (Berl.), 56, 

117-120. 
SOULI~ J., 1956. - -  La  n i d i f i c a t i on  chez  les esp6ces  f r an~a i s e s  d u  gen re  Crematogaster 

L und .  ( H y m .  F o r m i c o i d e a ) .  Ins. Soc., 3, 93-105. 
STEPHENSON A.G., 1981. - -  Toxic  n e c t a r  de t e r s  n e c t a r  t h i eves  o f  Catalpa speciosa. Am. 

Mid. Natur., 105, 381-383. 
STEFHENSON A.G., 1982. - -  I r i do i d  g lycos ides  in  t he  n e c t a r  o f  Catalpa speciosa a r e  u n p a l a -  

t ab le  to n e c t a r  th ieves .  ]. Chem. Ecol., 8, 1025-1034. 
STUMPER R., 1961. - -  R a d i o b i o l o g i s c h e  U n t e r s u c h u n g e n  i ibe r  den  soz ia l en  N a h r u n g s h a u s h a l t  

de r  H o n i g a m e i s e  Proformica nasuta (Nyl.).  Naturwiss., 48, 735-736. 
T~OMPSON J.N.,  1981. - -  E l a i o s o m e s  a n d  f l e shy  f r u i t s :  p h e n o l o g y  a n d  se l ec t ion  p r e s s u r e s  

f o r  a n t - d i s p e r s e d  seeds .  Am. Natur., 117, 104-108. 
THOMPSON J.N.,  WILLSON M.F., 1978. - -  D i s t u r b a n c e  a n d  t he  d i s p e r s a l  of  f l e shy  f ru i t s .  

Science, 200, I161-II63. 
TINAUT A., 1981. - -  E s t u d i o  de  los f o r m i c i d o s  de  S i e r r a  Nevada .  Thesis, Univ.  G r a n a d a ,  

Spa in .  
VAN DER PIJL L., 1972. - -  Principles of dispersal in higher plants. 2nd  ed.,  Ber l in ,  Sp r inge r -  

Ver lag .  
WALLIS D.I., 1961. - -  F o o d - s h a r i n g  b e h a v i o u r  o f  t he  a n t  Formica sanguinea a n d  Formica 

fusca. Behaviour, 17, 17-47. 
WILSON E.O., 1971. - -  The insect societies. C a m b r i d g e ,  Be l 'knapp  P res s .  
WILSON E.O., EISNER T., 1957. - -  Q u a n t i t a t i v e  s t u d i e s  o f  l iquid  food  t r a n s m i s s i o n  in  an t s .  

Ins. Soc., 4, 157-166. 
WILSON E.O.,  FAGEN R., 1974. - -  On  t h e  e s t i m a t i o n  o f  to ta l  b e h a v i o r a l  r e p e r t o i r e s  in  an t s .  

Y. N.Y. Ent. Soc., 83, 106-112. 
WYATT R., 1980. - -  T he  i m p a c t  o f  n e c t a r - r o b b i n g  a n t s  o n  t he  p o l l i n a t i o n  s y s t e m  of  

Asclepias curassavica. Bull. Torrey Bot. Club., 107, 24-28. 
WYATT R., 1981. - -  An t -po l l i na t i on  o f  t he  g r a n i t e  o u t c r o p  e n d e m i c  Diamorpha smallii 

(Crassu laceae) .  Am. 1. Bot., 68, 1212-1217. 
YOUN6 A.M., 1980. - -  N e c t a r  r o b b i n g  o f  " four -o-c locks  ", Mirabilis jalapa ( N y c t a g i n a c e ~ )  

by  t he  socia l  'wasp  Epipona guerini (Vespid~e). Biotropica, 12, 222. 


