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Patterns of insect flower yisitation in Lcz,tczncZzrZcz brrchii Webb 
(Lamiaceae), an endemic shrub of Tenerife (Canary Islands) 

Ji-:AS DOMISGO DELGADO GARCÍ.4' 

The foraging ecology of insect visitors of thc endemic lar ender Lrii.ancliilr/ hzicliii 
(Lamiaceae)  as stiidied in a relict popLilation of thc plant in north-west Tencrife 
(Canarq Islands). Tinied observationc \vere Lised to describe this pollination 
sq'stem in terins of the structure of the kisitor assemblage. foraging patteriis ¿u:? 
efficiencies of the main insect species. The visitor pool n as d o m i n a t d  by antho- 
phorid solitary bees. Furtherniore. i t  was characterized b j  a high leve1 of endem- 
icity and a small nuiiiber of species conipared with continental relatives of 
Lcivcidiilii.  The main visiiors, tn'o anthophorids and a bombyliid fiy, clearl! 
diiTcrec1 iri theii- foraging bc!ia~ iour. i.e. \ isitatior, frequency, \ .ki t  duration. ratc 
of flon,er probing. and iri anatoniical traits (body size and proboscis length). I n  
these ternis, the bees \vere by fdr more efficient foragers than the fly. These resulís 
are disciissed in the context of insect-flo\ier interactions in insular pollination 
s}stems. 

Introduction 
T h e Can a r>r 1 s 1 a 11 d s. a M a c ít ro 11 es i a n a rc h i pel ag o. s u p po r t a ex t ra o rd i n a r y 

liigh le\.el of endsniicity i i i  floiver-ing plants (about 600 species. 48%! of the  total 
spccies pool ) ( I-Iaiisrii xncl S\inc!ing. 1993 ) .  Fii:.tlim?iprc. " L I  2 100 injcct spccic; 
( 42% of tlie total iiisect fauna) be lo i i~  to t t i r w  major groups of pollinators. iiaiiicl!. 

di p t eraiis. le pid op t L' ran s an d h jmcn o p t e r a n  j. aiid al so s ti ou' a 1 a rge pro po r t i o t i  o f 
cndeniics ( Bc'ccrra ot u/. . 1993). This higli di\.crsit!. ol'plLiiitj and potentir-il polliiiutois 
siiggssts thc esistt'iice of ii largc niimbsr of polliiiation Iiiiitualisms on these islaiids. 
Fo r  csample. tlicrc arc  iiboiit -370 tasa ot' li>menoptcr;ins ( i \ , i th i i i  thc: siibordc'r 
.-\culeata). that ha\.e b m i  circiiiiijt¿iiiti¿ill'. reportsd \.isiting ;i i\.ide \xrietJ of' pliati- 
crogatii 1atiiilic.s i t i  thc Caiiariaii flora ( La Koclie. 1992: Hohniaiin c't  "1.. 1993). 
I'r-e\iously. thc scarce literatiiri' o11 polliiiiitioii ecology i i i  this archipelago has t i d i -  
tiotially focused 011 bird-flo\\.er relatioiiships (Yeo. 1972; Vogcl ct ul., 1984; Olesen 
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19S5. 1955; U'esterkamp. 1990). There are at least 12 plant specics of ninc genera 
that display ornithophilous traits in  the Canaries ( Vogcl ci al., 1954: Olesen, 19Sj: 
Kraenier and Schmitt. 1997). h"e\erthelcss, a \ast miijorit! of zoophilous. endemic 
floivering plants in  this archipelago are chiefly entomophilous. Despite this. the 
irnportance of insects as ITisitors and pollinators for most of the eiideniic plant 
spi-cies. many of n.hich are rare or threatened in  rclict Canarian ecosystenis. reniains 
largely unesplored (see. ho\i.e\.er. Kraenisr aiid Schmitt. 1997 ). 

111 this study 1 examine the iiiteraction betnwn Lcii~eiizcliilr biic*hii \\'ebb. an 
endemic shrub of the xerophytic Io\ihnds of Tenerife (Canary Islands), and its inscct 
visitors. 1 focused on the visitation patterns and the amoiig-species differcnces in 
foraging habits and eficiencies. The goal was to assess visitor efficiency in terms of 
visit frsquency (an indirect measiire of \ isitor abundance), mean visit diiration and 
mean rate of Aon,er probing. These measures constitute the quantity component of 
a gik-en plant-pollinator system (Herrera. 19S9), and along with the qiiality compon- 
ent (see C. M. Herrera, 19S7a), they influence the strength of such a niutiialism 
(Hoive, 1984) and the overall pollination efticiency ( Fishbein and Venable, 1996). 

Study site and species 
Field work was conducted at an arid loi\.land site located in  the Teno Massive 

(Barranco de Las Cuevas, 27' 37'-29' 25". 13'20 '-29' 2 S W ,  150 m a.s.l.), in the 
iiorth-Lvest of Tenerife (Canary Islands). The climate is typical of dry Canarian 
coa s t a 1 habita t s (Ezipli o 1.b ici - d o m i n a t e d s c r 11 51 a n d s ) . A n n u al a \'e r age te m p e r a t u r es 
and rainfall are about 2 1°C aiid 203.9 nim. respectiLVelj7. hlaxinium rainfall occiirs 
mairily bstM een Koirember and January. May to Septeniber being the driest period 
(<3mni).  The site is a rockj. ravine bed covered by shriibs of Eiiplioi$ici spp. 
( Euphorbiaceae), Riibici fiiiticosci and Plocciiizci peiidrrlci ( Rubiaceae), Periplocei lcrevi- 
gcitci ( Asclepiadaceae), Leii~ciizdrilci brirhii, and the introduced Opiiiitici dillcnii 
(Cactaceae). 

In hlacaronesia, the genus Lcii*ci/zdiilci ( Laniiaceae) comprises nine species of 
insect-pollinated shrubs. of n.hich three are endemic to the Canary Islands. and one 
(L. brrrliii) is eiidemic to Tenerife (Hansen and Sunding. 1993). Lcisnncliilci species 
are also present in Mediterraiiean habitats of southern Spain. -0n the continent, 
t hei r pol1 i na t ion biolog y a nd e\rolii t i  on a r~ ecologl ha \  e been t ho ro ughl y i n  \.es t iga t ed 
(see C .  kl. Herrera. 198721, 19S7b. 19S9. 1990. 1995. for L. l~itifolici Med.; J .  Merrera, 
19S7. 1997, for L. srocc/itr.r L.) .  Thesc stiidies pro\,idi. the opportiinitj. to compare 
the pollinatioii s! stenis associated u i t h  continental arid insular Lui~uiidrrl~i 
representatives. 

La i ~ i / z d z  ilci b iich ii \Ve bb sh 0n.s íi d 1 sj uiic t cl i s t r i b ti t i o n i n Ten cri fe, i \ V i  t h sni al 1. 
localized popiilations isolatcd in  thc. extreme niassi\ es of Teno ( N W  ) aiid Aiiaga 
( K E  ). SO kni 2ipai.t (León and  iVildprcr. 19S6: Santo'; aiid Romero. 1996). The 
shriibs are iip to 1 i i i  t a l l .  tiiid inflorescc'ncc> are teriniiial. raniificd spikes bc'iring 
one to cight \ iolet floiiers (mean and st¿iiidcii-d de\ ixtion = 3.79 SD 1.6 1 .  I I  = SS 
inlloresccnces. 10 plants). 'Fhs niean Iength of the tiibiilar c a l ~ x  is 7.33 SD 0.79 nirn 
(range=4.64-9.01. IZ= 114 Aouw-s, 10 plants). The uppcr and loiver lips o f  the 
corolla have t\vo and three lobes, respectivel) . Flonw-ing occiirs froni early spring 
to mid-suninier and seeds are produced in siimnicr (Santos and Romero, 1996). 
Floners are eaten by lizards (Gcillotici galloti) and seeds are predated by the canary 
(Seriizzis ccrizcri~iu.s). L. birclzii hybridizes u.ith another Canarian-endemic lavender, L. 
cmzeiriciisis, and is includcd in a red data book a s  an endangered plant species for 



the Canaries (Santos and Romero. 1996). Additional information aboiit natiiral 
histor'.. taxonomic statiis and identification of insect L.isit0r-s can be found in  Becerra 
el al. ( 1992) and Hohmann o í  111. ( 1993 ) .  

A'lethods 
Insect \.isitation patterns n'erc stiidied in  10 shrubs of L. hrrclzii duriiig ii u.eek 

iii August 1995. At the sanie hour e d i  day. 1 counted the number of fresh floLi.srs 
(open and closed) on each shrub to cstimate the size of thc i1ov:er dijpl:i\.. . 1 did iiot 
count dessicated, apparently iinattracti1.e corollas. 1 also recorded separately the 
number of open flobvers per day to check for possible variations in effecti\,e flo\i.er 
availability throughout the stiidq'. i n  relation to the performance of insect \.kits. For 
each plant. 1 mcasursd the distance to a11 the neighbouring shriibs Lvithin ii 5 ni- 
radiiis circle. 1 estimated the size of the neighbouring flobver display by coiinting al1 
infloresceiices on each iiidividual shrub n.ithiii the circiilar plot. Neighbouring Aonw 
displal. \vas then expressed a s  nuniber of inflorescences per 78.5ni' (sec the 
Appendix). Flonrer niiniber  as strongly correlated to inflorescence niimber o11 each 
plant (Spearman rank correlation. I - ~  =0.95.p < 0.001. iz = 36 plants), so 1 estimated 
the flower number in conspecific shrubs by extrapolating the meaii number of flowers 
per infloresceiice. These data were taken in order to relate them to Iisitation 
des c r i p t o r s de sc r i b ed be1 o\\,. 

To characterize visitatioii patterns. 1 recorded flying-insect visits at the 10 study 
plarits using 5-min census intervals as the saniple iinit (see Herrera. 1995 for a similar 
methodology). Thus, total obsert-atioii time \\.as S.33 h. uith 1 O intervals perfornieci 
per plant (i.e. 109 censm iiiiits). Obser\ralions \vert. niade each da'. bet\iwn 1 2 : O O  
and 14:30 h (local time) i n  good uxxither conditioiis (absence ofstrong wind 1. Within 
this time interval. siiiilight \\'as homogeneously distributed o\fer the r a \ k  bed, 
niakiiig the irradiaiice regiine practically ideii tical for each obser\.ed plant. Thiis, 
biases in \isitation rate nieasurenients due to diRersritial light iiitensities cvere minini- 
ized (Herrera, 1995). Census interixls \vert. distributed randoriily among plants and 
censiis days in  order to ai.oid possible biases of order of plant censusing. For each 
plant and censiis inm-\xl. 1 recorded the nuniber of iiisect Lisits (\ .kit  frequency). 
aiid measiircd ii . i th a stop-\vatch the duration of the iisit for each species to tlie 
n :TS t st'con ci. t i !  IV ci :T t h :i 11 ~ ) i i <  1.i 5i t o :- \~:ii< con !;ic tcd si iiiui t i ! n w  usi:,.. I foll ov ,a i  
a foca1 indi\.idual unti1 tlic end of i ts  i p i s i t  to obtairi tlie duratioii. then tui-ning to a 
dittercnt spccinien. i i n t i l  the complction of t h t  time interi.al. I n  each timed \,isit. I 
a!so coiinted the iiiinibcr of flo\\.t.rj probcd b'. an insect to deteriiiinate thi? rate of 
llonw probiiig ( f lo \ \wj  pi-obed pcr miiiute). Bod!. sizc aiid leiisth of thc i~iolitl~piirLs 
\ i w c  nic-asurcd for thc niaiii [isiioi- specics \ \ , i t h  ;i digital calipcr. Proboscis !ciig!i 

(iiicludiiig promeiitLiin - g l o s a )  \\.as iiicasiircd stretchiiig thc oi-gaii \ \ . i th  so f~  forceps 
o i ~ r  a slidc. 

Spccific reqiiisites o l  piiranietric tests ( i .e .  noi-niality iiiid lioiiioCed~istiC.it!.) \ \wc  
not achie\.ed for sonie plaiit and insect \,ai.iablss i n  thc original data set. e \mi  after 
data transformation. This \\..as probably due to sniall saniple sizes of stiidqr plants 
r?nd visit descriptors of onc of the insect species. iind to the 'count' character of data 
for sonie plant and visitor variables ( FoLvler arid Cohen, 1992). Thus, non-paraiiietric 
statistics were applied following Siegel ( 1970). and tests are appropriately indicated 
in the text. 
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Rcsults 

T'ie imcc t i.i.rit ors 
Insect 1,isitors recorded at L. bircliii plants oi.er the stiidy period are shoum in table 1. 

About 81'%, of the total iisits !vere per-fornied b', tn.0 congencric solitarq. becj 
( H y me no p te i- ii . A n t li o p h o i i ch~  ) : A i t I cy illc I q i  ia(lrif¿r.rcia t a ( V i 1 lc r s ) . di s t ri bu t cci t h r o Ligh - 
out the Palaearctic íinciuding central Asia). Ethiopian arid hI;icai-onesian resions. and 
A .  cciiz(/ioii.s (Smith). endemic to the Canaries. Honmw. more than 5 0 %  of the total 
visits u'ere realized by A. ~iiacli.i~r.rc.icrta alone. As a group, anthophorids (incliiding the 
small contribution made by another anthophorid solitary bee. Thjwzrs /iisti.ioiiiczis 
Illiger) aceounted for 81.5"/0 of the total number of visits. Some \.isitors to L. hirchii 
n'ere casual. not being recorded during formal observation intervals. The bee 
Lcr.rsioglossriiiz íii.c.tifi.oizs (Saunders) (Hymenoptera: Halictidae), usas observed incident- 
al1 y a t non-ni on i t o red Lcii*cridi r k r  plan t s. T he bum bl ebee Boii ihr rs terrestris cmirrricwsis 
Pérez ( Hymenoptei-a: Apidae. endeniic subspecies) \vas detected several tinies at the 
study site but it \tras not observed visiting Líii.nizc/ri/r flonrers. One species of ant 
(Hymenoptera: Fomiicidae) of the genus Crrrizporiotzr.r was o b s e n d  frequently on the 
plants. Honwer, it was not included in the analysis of \isitation pattenis because 
recording of visit data and ant nunibers on the plant at a time kvas not feasible Lvith 
the sanie census niethods used for flying insects. Cíiiizpoizotza ititeracted aggressively 
with practically al1 the visitor species approaching a flower. 

The Cananan-eridemic fly Aiinstoidizis 1Litifi.oiis (hlacquart) (Diptera, Bonibyliidae) 
kvas the third niost freqiient Lisitor. A number of unidentified dipterans (mainly 
Calliphoridae, but also some Syrphidae) visited the plants. althoush they contributed 
comparatively little when considered indi~idually, or when compared to A .  lcitifr-011s. 
Lepidopterans (1.62% of the total in table 1 )  paid only occasional visits to L. birchii. 
Hereafter, this studq' \ti11 focus on the ttvo Amegillci speciej and the fly A. lcrt(f;.oizs, to 
compare pattenis of plant iisitation and flon.er use for the niost important insect Lisitors. 

T'isi t m i  d f o i a g i q  pc i t t c i ' m  
hlain taxa Iisited the plants nith \.ery different frequencies (number of \.isits per 

5 min; Kruskal-i!'allis oiie-ivay ANOVA. K\V= 65.2013; 2 df: p <0.001: figure 1) .  

~~~ 

391 (!?.SI) 
156 (3s.:1) 
60 ( 10.S9)t  
32 ( S . S I )  
J ( 0 . 7 2 )  
j (0 .54 )  
3 (0.36) 
l ( O . 1 S )  
I ( O . 1 S )  
1 (0.18) 

Hy. Hymenoptera; Di, Diptera: Le, Lepidoptera: He. Hemiptera. 
t lncludes several species of Calliphoridae and Syrphidae. 



The t\\so aiithophorid bees exhibited the higher iisitation rates (rangt. of \.isits per 
5 min: A.  ífiiíiclt.~ír.s~i(rtír~ O- 12: A.  c í r i i ~ f i o i i s :  0-8 ). as comparcd to the fiy '4. krt i f i-om 
(0-4 pcr 5 niin) (figure 1 ). j'isitation rate for the thrcc species pooled \\ras 
moderately related to ths daily \xriation i n  flouw display (number of open flo\\.ers,! 
plant 'day) (Spearman correlation cocficient. rS  =0.695: 11 <0.01: t i =  10 plants) 
(figure 2 ) .  These display sizss oscillated bctlveen 1 and 396 optsii flo\\.ers da>,. Thc 
stiidy period encompasstd ~i pei-ik i:i the flonwitis of Lai.LriiJi(1li. and 2111 the siiidied 
shriibs reached th is  niasiniiini s>~ichronously. Floi\.er displa!. size t\.aj cleai-14; coi-rel- 
ated \i.ith visitation frcqiiency of the tn.0 bees ( A .  c;zicrd/.jJir.sc.iíi/li: I', =0.82: 11 < 0.05; 
A .  c í r i 7 $ - 0 i ~  r,  = 0.92; p < 0.001 : 17 = 10 plmits) biit not ucith fl>. \'isitation freqiiency. 
1 foiind no relatioiiship betnwn \.isitation freqiiency of either species ami corolla 
length. size of the nei~hboiiring flonm display, or distance aniong conspecific shrubs. 

Bee and fly species showed contrastiiig foraging bc?ha\.iow-s i n  their feeding bouts 
at the plants. The tkvo anthophorids probed flowers ivhile hovering, partially iiitro- 
ducing ths hairy head i n  the corolla tiibe aiid rapidly passing from oiie flower to 
another. The fly alighted on the corolla lips and spent significantly more time per 
flan-er than the hymenopterans. BetLveen ti\ro conseciiti\.e feedincg boiits, the fly 
lancled on the ground bsneath thc plant for ii feti. secoiids. then flew iip to ;t new 
flonw-. Both Aiiiegillcr species \vere similar in their visit duration (A.  cliríiclt.ifccscicrtcr: 
33.39 s, A .  ~~ciriij~~oizs: 21.73 s: iManii-Whitiiey's LT=4476.0: 11 = O.OSO), but differed 
n,hen c o m p a i d  to A/icrstoc.c~/iii.r, ~ . h i c h  spziit much loiigei- psriods (mean = 43.S5 s) 
on the foraging plants ( A .  latifi.ot7.s vs A .  ~ z i ~ ~ ~ ~ ~ ¿ ~ . ~ ~ , i ~ r f f i :  U= 805.5; 17 < 0.05; 
A .  /r t i j*oris vs A. ccri7ifioiis: U=442.0; p <0.001; figure 1 ). ]'kit duration \\'as inoder- 
ately related to flo\ver number in  A .  q"crdt.qiiscicrtci I', = 0.65: 17 <0.05) and strongly 
related in  A .  ccrrijfioiis ( r S  =0.92; 17 <0.05). but not i n  A .  1cirjfiuti.s. 

Thc tiirce sptxiej  difft.rcd siibstantirill~~ in  tlie iiunibsr of t-lo\\.ers probed per visit 
( K W =  15.1053: 2df ;  p < O . O O l )  and per time i in i t  (KW=jS.7075; 2df; p<O.OOl) 
(figure 1). A.  qiindrijcisciíitcr \\.as faster than A .  cciiz[fifi.oiis and A.  lcit[/koii.r, and 
differeiices \\.ert. elven more pronounced bet~veen the tn'o anthophorids ( pooled ) and 
the fly. Niiinbcr of flo\\.ers probcd and tinic spcnt \.isitiiig a plant Lverc strongly 
correlated in both A. qircrdrjjcrscicitcrr ( t - ,  =0.9697; p <0.0001 ) and A .  cLiii[fifi.ons 
(1-, =0.9332: p <0.0001 ). but only niodest!y correlated i n  .4. loti/i.oii.s. (i., =0.6031: 
11 < 0.01 ). indicating that this last species \\.as the least eflicieiit i n  flonw \.isitation. 
Thc Pala ea re t ic h 2in.h: nio t 11 H j . / o s  c,irp/iot.biac~ ( Boi sd ii\,ii 1 ) pro bsd fl on.e rs ra pidl y 
lxfi?!-c Ic:ii.iiic (ix.xi!i iitid st:iiidliiil di.i.i:itio!! = -'-). 1 SD 2 .6  1i~~it-ei.s: I I  r= 3 visits). 
\\.hereas pierid biitierllics probt'd flo\\.srs at a niiicli lo\\.ei- i-ate. 

i i  

Discussion 
C o t i  t ra s t i t i  2 \\ i t h con t i tic ti t ;i 1 po 13 i i l  Li t i o n s o f re1 a t cci L t r L'ut i d i  ikr s pec ics . t 11 e 

occaiiic i\laiicl S J  sicni i-eportcd Iicrc 1i;id btrihitigl) lc\\cr po!ential poliinatoi s iissoci- 
ated \\ i t h  L h i r c  íiii. Tht relati\ e contribiitioii of cach pollin,itoi- spccics aiid tlicir 
i . e j p t i \  e lor'igiiig habits Liljü di1l.ci.t.d (se? C. h'l. Hi'rrcrci. 10S7a .  19S9. 1995. and 
J .  Heri-ci-a. 19SS. lor  coiiiparisoii). Hon e\ cr. thc. _~eiicral r:i\oiioniic striictiiic o f  tlie 
entire 1 isitor pool is 1ci.h similai- For both continental and insiilur plant reiatiics (see 
e.=. C .  M .  Herrera, 19S7a, 19S9; J .  Heri-era, 19SS). Lcii*eriic/[ilír Iritfulici i n  soiitherii 
Spain has a high number of associated pollinators. incliiding about SO bec, fll arid 
biitterfly species haking nioderate to lou. abiindances (Herrei-a. 1989). As can be 
expected frorn biogeographical constraints, the Canary Islands siipport a relatively 
pooi-er hynienopteran fauna conipared with the continent (Olcsen, 1985; Hohmanii, 



, *1” 1. , , 

2150 

c .- 

A 4 

1 UU -- 

J. D. D. García 

1 o9 
C - 

50 -i c 
.- 
E 40 - 
% 
0 
D 

30 - 

2 

20 
c 
CLi 
O 

10 ;z’ 
. O 

D 

50 ~ 

h 

v: v 
1 U9 - 40 - 

o 1 

10 - 

22 
.. 

27  



1 iisec t vi si t ors o f Lc t rci~ ttlii ( ( 1  /)ir cli i i  21 51 

10 
B 

FIG. 2. Daily variation in the size of flobver display A )  and temporal distribution of insect 
visits (B)  i n  L í i r m d i h  birchii. Sho\tn ar; nleansk 1 SE. $lean values of number of 
open floLvers and visitation freqiiencq. \vere averaged for 10 plants. Visitation rates were 
poolcd f c x  the thres insrct spcxit.j rsported i n  Rejiilts. 

Fic;. 1. Variation i n  visitation patterns aniong the inain insect species at L(/imc/irirr hicchii 
plants (bars are meansf 1 SE).  Figures above bars are saniple sizes (total number of 
census intervals iti A, and total nuinber of inscct i-ecordiiigs for which tlie \ k i t  
descriptorc were obtained in B-D). 



f l j r  and the solitary bces at Ltri*citic/ii/u flo\\.crs. ~4tlic~giiicr becs fl'; faster arid have a 
longcr proboscis, probing o11 ai'erage four times more flo\\'ei-j per \ k i t  and fiir times 
more flon.ers per time unit than the fly Atici.stocc1iir.s. tvhich has a shorter proboscis 
and a poor flying ability (see table 2 for bionictric data). The narrow corolla of 
L. hirrlrii (arici 1-elated spccies) n.o~ild fai.o~ir \.isitation bq. specialized. long-tongued 
pollinator,: that could reach thc nectar cajier than short-tongiicd ones (Goldblatt 
ot cil . .  1495 ) .  1 dici iiot find. ho\ve\.er. a rclation bi?t\veeii coi-olla Icngih and  mean 
iGitation frequency, visit duration or flowr-probing ratc. Thc inean Icnsth of the 
proboscis for Aiicr.rtowIiir.s lies nithiii the range of corolla lengths for L. hiicliii (se? 
table 2 and the Appcndix), although i t  is clearly shorter than the  proboscis of both 
At,icgi//ci bees. Thus, in  ternis of suitabilitj- of the proboscis as a nectar-feeding 
orgaii. Atiiegillrr would reach the nectar in deeper or nectar-depleted corollas more 
easily than Aticistoec-/iris. Handlins time of flowers bq. the iisitor. is a component of 
visit duration that decreases as proboscis length iiicreases (Herrera, 1989). Similar- 
se\,eral-fold dityerences betn.een irisitation rates of bombyliid flies (Si.stocdiiis sp.) 
and some anthophorids (incliidiny A. ~rrcrclt~ifiscieitcr) visiting Lai~crncliilcr in contin- 
ental areis  have beeri preiioiisly sho\vn ( Herrera, 198'3 ) .  The larger iiumber of 
floivers used per visit aiid tinie unit by .4tiic'~i/lci bees niake these species more 
eficient foragers thari the bornbyliid flies. Sectar-feeding bombyliids aiid bees may 
respoiid differentially to similar pat terns of floral display, because they haire different 
visual and olfactory capabilities, difierent body sizc, loconiotory performances and 
proboscis length (see Grimaldi. 19SS; Goldblatt et (11 . .  1995). 

Flower-probing rates \vere \.ery high for the t\vo bee species in this study, 
compared to those of other hymenopteraiis. In  the neotropics, the eusocial bee 
hfel@oiici iritri*i'iiptci visited Hi.bcrtitliiis (Violaceae) flowers \\vith a mear1 rate of 6.2 
floivers/rnin ( Augspurger, 19SO). The anthophorids Cciutitia lcrctcr and Pcrt.citcti.ci~~e~icr 
crr/ccii*cita. respectively, probed 2.2 and 1 .S floi\.ers,,'niin ( Augspurger, 19SO). Boriibiis 
aiid Apis species showed respecti\,e mean rates of 4.8 and 4.1 flo\vers/niin at Riibrrs 
(Rosaceae) in a temperate site (b'illnier et el/. , 1994). Rates for Aiiicgillci at Lcrimididci 
species in insular and continental populations are \\.el1 ab0i.e a11 these figures (see 
figure 1 for L. hricliii aiid Herrsra, 19S9 for L. lcitrfoliíi). 1ii southerii Spain, 
A .  c/iiíitJt.~iiscicirer paid i.isits to L. l~rt(fi~li~r nith a nieaii rate of 29.6 flotvers 'min. 
Si ni i 1 a r1 y h i _r h i v  e r c t h e p e r fo r ni ii i i  ce s h o\v 11 b J.  A t i  t íi 01711 o I H  ( i  11 i 1111 irli ii i i  d .j!p is t I i ('1 /i- 

, />r [ i  i n  Teiierife Lvhich, i-espectii el),. pi-obd 29 aiid 15 í7on.ei-s niiii i n  €c/iiiitji ii,i/(/j)i.ctii 
( Kriii.niei- aiid Schrnitt. 1997). DiR2rcnct.s i n  dijtribiition aiid deiisity of' iio\\.ers 
\i i t h i i i  a p lmi  coiilrl piirtiallj- csplaiii this \.iiriaiioii i i i  i-ates 01' Ilo\\w Lisc. bccaiise 
flyiii2 distarices betuwti t\\'o coiisec1itii.e llo\\ws. and hcncc. flying tiiiic. tciids to 

Thor'ix iength 4.06 ( O .  1 0 )  4.28 ( O .  13) 3.50 (0.21 ) 

Pi-oboscis iengtli 9.16 (0.61) 10.19 (0.43) 5.65 (0.65) 
(3.91 -4.15) (4.06-5.40) (3.34 -3.SO) 

( S .  39--10.09) (9.38-30.61 ) (5.02-6.53) 



increace nith thc dcgrce of í lo\ i~r dispcrsion ( A ~ i g s p ~ i r p - .  1980; Schinitt. 19S3). 
Intersgecific lm-iation in flonw Irisitation rate n i a y  also be dile to the different 
inimtmciit of time flyins betiveen conseciitit.e flü\i.ci-j and 'or difl-ereiiccs in Jloiser 
handling time ( Herrera. 19S9). 

Visitation frequsncy by Aiiicgilltr species in this stiidy \vas positively related to 
thc size of the floral displaJ.. suggcsting selection of thosc plants shoiving a larger 
display. F'reqL!cntlj.. pollinator tasa differ in  ths i r  foragins respoiises to plant attrib- 
utes and its variation ( Eckhart. 1992: Herrera, 1995: Inouc c't u/..  1995). Pollinator 
efticiency i n  í lo i ia- Lisitation mal. depend iipon intrinsic traits of the foragins plants, 
the environment oí' individual plants and the characteristics of the pollinator itself 
(Inouye, 1980: Herrera? 1993: Ohara and Higashi. 1994: \Villrner et al., 1994). I t  is 
commonly accepted t h a t  pollinators preferentially \ .kit  piants providing many flowers 
on large inflorescences, chai-acters that are often associated n i t h  greater reneards of 
nectar and/or pollen. Microenvironments with greater densities of flowering indi- 
viduals are similarly faL.oured (Schmitt, 1983; Feisinget- c't 01.. 19%). A high floiver 
density also proinotes higher visitation rates and increases the niimber of flowers 
probed per time uiiit. Furtheniiore, from the plant's perspectiire, those inditiduals 
beariiig niore íiowers are able to retain the pollini.itor for a longer period. and this 
could benefit the plaiit in terms of pollination sLiccess ( i f  it is self-compatible, as is 
the case of other Lcii~criidrlcr species, J .  Herrera, personal communication; Ohara and 
Higashi, 1994). 

As a concluding reinark, the low pollinator richiiess of this island system, and 
the doniinance shonx by a few iiisect species could be attributed to their local 
abundance and distribution. Oiie of the rnain visitors (the endemic A .  ccr~i~fioizs) 
seems to ha\,e an alniost disjLiiict distribution in ths island (Hohmann et crl., 1993), 
roughly co-ocurrent i r i  space with t he present distribiition of L. brichii, iii ths isoiated 
mountainous niassiL.es of Teno and Aliaga (Santos and Romero, 1996). Geologically, 
these t\so areas are the oldest parts of Tenerife ( 5  and 3.5 rnillion years, respectively), 
and \vere initially islands isolated bj, the sea uritil thc emergence of the central part 
of the island (the Teide-Cañadas complex) (Carracedo. 1979). Fiirther research 
should pay attention to the associations of endemic plant-insect taxa at an island 
scale, focusing oii the degree of mutual depeiidence of both partners of thc? plant- 
p o 11 i 11 a to r i 11 t era c t i o 11 ( t a k i 11 2 i n t o acco ~i n t o t he r 1-70 ten t i  ii 1 po 11 i 11 ato rs. s Lich as ii n t s 1. 
Onc of the questioni; to bc :iddrcjsed i j  \\.iietIiei. pollination s j ' s t cms  i i i  thc Caiiciriss 
are spccializcd. as coinp~ircd iv i th  con!iiieiital sj'stenis (set. \\'aser c't crl.. 1996). To 
x1iiei.c this. a fii-st step is to mc2-isiirc polliiiatioii etfccti\~ciic?ss for thc ivliolc \.isitot- 
pool. Prcscn t ni csocl i ni a t ic a n d o rogra ph ic di Lwsi t y, a loii_o ii.i t h recen t gco losical 
Iiisto:-!-. i i i ; i j .  bc iiiijmrt:iiit factor.'; for  thc isolation o[ both plant aiid iiisect popula- 
tioiis. tliiis allouing the e1,olution of a hisli dii,crsity of pollination mutiialisriis on 
t licjc ia l  ;i 11 d a. 
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.4ppcndix 
Summary statistics of the plant and neighbourhood traits from 1 O Lcii*cii i t / irkr 

shrubj. Corolla lsngth measiiremeilts tvere taken froni 1 14 floners ( 1 7 =  10 plaiits). 
Keighbour densitj. i b  exprcssed as niiniber of floLt,ering shriibs '78.5 ni'; neighbouring 
flouer display is the number of flotiers i i i  t ha t  area. 

Height ( m )  
Co\w (m') 
IK o. flowers,'plan t 
Ko. inflorescences,iplant 
Corolla length (mm) 
Neighbour density 
Neighbour distanct 
Xeighboiiring flo\i.er display 

~~ ~~ ~~ 

0.93 (0.30) 51.50-165.0 
0.92 (0.93) 0.25-2.59 

118.6 (95.5) 1-279 
50.2 (37.5) 1-105 
7.33 (0.79) 4.64-9.01 
3.7 (2.06) 1-7 
3.06 (1.08) 1.97-5 

510.04 (333.33) 70.7- 1051.3 
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