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ABSTRACT-Interactions between two endemic species were studied at the Sierra de La Laguna, 
Baja California Sur, Mexico. Structural characteristics of the madrone (Arbutus penznsularis), such as 
crown cover and distribution of inflorescences within the crown, as well as flower availability were 
determined and related with frequency of visits and foraging time expended by the Xantus' hum- 
mingbird (Z-lylocharr~ xantusii). Our  results show a relation between those crown sections of madrones 
where hummingbirds spend most of their foraging time and success in flower fertilization. It seems 
that madrones need hummingbirds to fulfill pollination and that flowers of madrones are almost the 
only nectar supply for If. xantusii during the critica1 late-winter months, so we suggest that these 
species are mutually dependent. 

It is well known that plant-animal long-term 
interactions can result in coevoiutionary processes , . 
in which characters of both species are mutually 
influenced by relationships which lead to recip- 
roca1 dependence (Lyon and Chader, 1971 ; Jan- 
zen, 1980; Feinsinger, 1983; Montgomerie et al., 
1984; Macior, 1986). 

Coevolution between several characteristics of 
hummingbirds (Trochilidae) and floral features 
of several plant families has been well docu- 
mented (Price and Waser, 1979; Ewald and Wil- 
liams, 1982; Montgomerie et al., 1984). Floral 
adaptations in corolla length, nectar volume, and 
nectar concentration and their relationships to 
body size, nectar extraction rates, and bill size for 
hummingbirds have also been studied in detail 
(Stiles, 1976; Montgomerie, 1984; Brown and 
Bowers, 1985). We suggest, however, that other 
structural characteristics in plants can also be 
closely related to bird interactions, especially in 
simplified ecosystems, such as virtual islands, 
where these characteristics may be highly ap- 
parent and easily recognizable. 

In this work, we studied some interactions be- 
tween two species, an endemic madrone and an 
endemic hummingbird, of the Cape Region in 
Mexico. Our principal aim was to determine 
whether an association exists between these species 
by describing some structural characteristics of 
the madrones, such as crown cover and distri- 

bution of inflorescences within the crown as well 
as flower availability, and frequency of visits and 
foraging time expended by hummingbirds over 
the diff'erent parts of the trees. 

MATERIALS AND METHODS-The study was con- 
ducted at the "Sierra de La Laguna" located between 
parallels 22"50'N and 24"N and 109"60'W and 
llO"lOfW in a pine-oak forest which covered 20,000 
ha (Villa-Salas, 1968) at an altitude of 1,800 to 2,200 
m in the Cape Region, southern Baja California, Méx- 
ico. The total annual rainfall was 700 mm and was 
highly concentrated during summer with a mean an- 
nual temperature of 14.5"C. The climate corresponded 
to "temperate humid" in the classification of Garcia 
(1981). 

Vegetation of the study area was forest dominated 
by Pinus cembroides var. lagunae and Quercus deuza, with 
some other species of less structural importance such 
as Quercus tuberculata, Arbutus peninsularis, and Nolina 
beldingii. The Sierra de La Laguna represented a true 
vegetation island surrounded by thousmds of kilome- 
ters of desert and sea. At present, the Centro de In- 
vestigaciones Biológicas is promoting its legal protec- 
tion as a Biosphere Reserve because of its great ecological 
importance and because it represents the main aquifer- 
ous recharge zone of the state of Baja California Sur. 

Arbutuspeninrularis (Rose and ~o ld rnan ) ,  a member 
of the family Ericaceae and an endemic tree (3 to 40 
m tall) of the Cape Region, grew in hillsides and can- 
yons of the pine-oak forest and was an important physi- 
ognomical element of this forest. Madrones have flow- 
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TABLE 1-Flower conditions (percent) recorded according to crown strata in Arbutus peninsularis of the Sierra 
de La  Laguna. Percentages are calculated for conditions within given straturn. Sample sizes are total nurnber 
of flowers with number of inflorescences in parentheses. 

Position within crown 

Flower condition 
Lower Medium U P P ~ ~  

n = 2,205 (32) n = 2,580 (42) n = 1,828 (36) 

Fertilized flowers forrning fruits 44.94 49.42 65.43 
Closed flowers 25.23 21.98 29.32 
Flowers with rotten ovules 2.27 2.21 1.64 
Flowers with evidences of herbivory 5.92 9.11 2.02 
Flowers affected by unknown causes 21.63 17.29 1.59 

ers in terminal panicles, with pale pinkish corollas, 
swollen toward the base and with lobes much shorter 
than tube (Wiggins, 1980). ffylocharis xantusit (Vieil- 
lot), a Cape Region endemic hummingbird, has an 
average weight of 3.5 g, with a wing length of 49.3 
rnrn and a culrnen length of 17.0 mm (Brown and 
Bowers, 1985). The biology and ecology of these two 
species rernain almost unknown. 

The fieldwork was conducted from 24 February to 
17 March 1987 during part of the flowering period of 
the rnadrones. A linear transect of 950 by 80 m was 
established along a canyon where the greatest density 
of madrones was found. Within the transect, al1 madro- 
nes were rnarked and nine points were selected ac- 
cording to tree density. Five trees were randornly se- 
lected in each point, and the following features were 
recorded per tree: total height, crown height, crown 
cover, diameter at breast height. The crown height was 
stratified in three equivalent sections: 1) upper crown 
(UPC); 2) rnedium crown (MEC); 3) lower crown 
(LOC). The total nurnber of inflorescences per stratum 
were counted and representative subsarnples of inflo- 
rescences per stratum were obtained. The following 
data were recorded for each inflorescence in the lab- 
oratory: total number of flowers per inflorescence; 
number of irnrnature flowers; fertilized flowers; flowers 
with rotten ovules; number of flowers destroyed by 
insect attack or because of unknown causes. 

Hurnmingbird activity was recorded in the same 
sampled trees. The frequency of visits was deterrnined 
by observing the arrival of hurnmingbirds with Zeiss 

binoculars (8 x 40) from 0700 to 1800 h spending 15 
rnin at each observation point during 4 days. Time 
spent by the hummingbirds in each stratum of the tree 
(UPC, MEC,  and LOC) was also recorded. Behavioral 
patterns, such as foraging time and territorial display 
time, were discerned for each individual as related to 
the total time spent by each hurnrningbird in the tree. 

RESULTS-Forty-five madrones were marked 
and  analyzed for their structural  characteristics. 
A ioial of 6,433 flowers were separated a n d  ana-  
lyzed, of which 32  inflorescences corresponded to 
LOC, 42 to M E C ,  a n d  36 to U P C .  

A total of 475 hummingbird visits were  re- 
corded. These  visits covered a total time of 1,445 
min. Birds spent 361 min in foraging activities 
and  317 min  exhibiting territorial behavior by 
means of song a n d  direci aggressions. 

Tab le  1 shows the  differences among the per- 
centages of t he  several flower conditions recorded 
according to their crown layer. T h e  uppe r  crown 
s t ra ium harbors the highesi number  of fertilized 
flowers a s  well as  the lowesi percent of flowers 
lost by herbivory and  other causes. ?'he opposite 
occurs with the  lower crown layer. 

A simple l inear model between crown cover 
(CRC)  and number of inflorescences per tree (NI ) ,  
NI = 29.705 + 2.206 CRC, was obtained (F = 

TABLE 2-Relative frequency of visits (percent) and percentage of foraging time spent by Hylocharis xantusii 
within several crown strata and at the externa1 and interna1 parts of the crown of Arbutus peninsularis. Number 
of observations = 475. 

Crown stratum Crown section 

Hylocharis behavior Lower Medium U P P ~ ~  Extrrnal Interna1 

Frequency of visits 10.10 16.63 73.26 69.68 30.32 
Foraging time 13.16 13.01 73.83 74.24 25.76 
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TABLE 3-Frequency of madrones assembled per 
crown cover category and frequency of trees intensely 
foraged by Hylocharis xantusii within the same crown 
categories (n = 45). 

Crown Trees Trees not 
cover Frequency intensely intensely 

categories of trees foraged foraged 
(m2) (%) (70) (X) 

18.31; d,J = 1,43;  n = 45; P < 0.001). The  linear 
relationship between tree height (H)  and crown 
cover was CRC = 5.923 + 1.783 H (F = 15.75; 
d,J = 1, 43; n = 45; P < 0.001). 

Table 2 shows that hummingbirds differen- 
tially spent their foraging time. Comparing the 
observed values with those calculated assuming 
that these birds could use any area with the same 
probability, we found that hummingbirds spent 
most of their foraging time in the external part 
of the crown (x2 = 0.865; d.f. = 11; n = 19; P < 
0.01), particularly at the upper crown stratum 
(x2 = 1.545; d.J = 14; n = 19; P < 0.01). The  
upper crown stratum presents the highest percent 
of external inflorescences in relation to the me- 
dium and lower crown sections. 

The  frequency of madrones, assembled per 
crown cover categories, was obtained and related 
to the frequency of trees that were intensely for- 
aged by H. xantusii within the same crown cat- 
egories (Table 3). Hummingbirds preferred trees 
with more extensive crown cover because they 
harbored higher densities of inflorescences than 
those wiih smaller crowns, as predicted from the 
simple linear models previously mentioned. 

DISCUSSION-Fertilization of madrone flowers 
occurs during the late-winter months in which 
we conducted this study. The  only diurna1 visitor 
of ihe species was the hummingbird, although 
several Howers harbored ants. Ants usually at- 
tacked flowers by cuiting the base of tlie corolla 
and by producing interna1 damage to the Aowers. 
Almost no flying insects visited the flowers, prob- 
ably due io ihe special morpliology of the flowers, 

which are strongly constricted in the medium and 
dista1 parts of the corolla. The  latter might pre- 
vent access by dipteran, coleopteran, and hyme- 
nopteran visitors. No lepidopterans visited the 
flowers during the observation period. Nocturna1 
visitors such as bats were discounted as possible 
pollinators, because only two species (Leptonyc- 
teris sanborni and Choeronycteris mexicana) have 
been reported as pollen-eaters or nectarivorous 
for the Sierra de La Laguna. These species of 
bats feed on tropical plants which grow at lower 
altitudes, and neither occur at the pine-oak forest 
(Woloszyn and Woloszyn, 1982). 

Our results suggest that a relation among in- 
florescences availability, crown portion (where 
active bird forage takes place), and success in 
flower fertilization exists. Hummingbirds active- 
ly forage vigorous madrones with expanded 
crowns that harbor the greaier number of inflo- 
rescences (Table 3 and linear models). The ar- 
chitectural disposition of inflorescences coincides 
with the portion of the madrone crown where 
hummingbirds spend most of their time (Table 
2) and where the greater percentage of flower 
fertilization was obtained (Table 1). 

It seems that madrones require hummingbirds 
to fulfill a vital role in their life cycle. Ai the 
Sierra de La Laguna, hummingbirds can forage 
nectar from severa1 plant species: Castilleja bryan- 
ti¡, Lepechinia haslata, Behria tenuzfiora, Lobelia 
laxtjlora var. angustifolia, Calliandra peninsularis, 
Mirabilis jalapa ( J .  L. Lean, pers. comm.). How- 
ever, most of these plants are annuals or blossom 
just after the rainy season during summer (Wig- 
gins, 1980). Also, they are not as abundant as 
madrones. During the late-winter months, inflo- 
rescences of madrones are almost the only nectar 
supply for hummingbirds. Our  results suggest 
that the position and density of inflorescences are 
determinant in ihe foraging pattern of H. xantusii, 
as described by Miller et al. (1985). It is well 
known that the key resources that determine pop- 
ulation size and even the existence of one species 
are those used during times of food shortage in 
seasonal environments (Severson, 1981; Ortega, 
1986). For ihese reasons, it appears that the ma- 
drone's Howers are vital for the hummingbird's 
life cycle. 

Certainly, additional experimental work re- 
mains to be done to elucidate the precise rela- 
tionship between madrones and hummingbirds of 
the Sierra de La  Laguna as well as to determine 
accurately the degree of mutual species depen- 
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dence. However ,  o u r  results show that  i t  is nec- (Scrophulariaceae) pollination. Bull. Torrey Bot. 
essary to take  into account interspecific relation- Club, 113:lOl-109. 

ships to establish adequate  protective measures R. S.$ S. TAMM, G. D. AND C. 

in particular ecosystems such as the one in the L. GASS. 1985. Cues for orientation in hum- 

Sier ra  d e  L a  Laguna .  mingbird foraging: color and position. Canadian J. 
Zool., 63:18-21. 

MONTGOMERIE, R.  D .  1984. Nectar extraction by 

We  would like to thank G.  Arnaud, M .  Acevedo, 
and R. Domínguez for field assistance; G.  Schnell and 
an anonymous reviewer who made valuable sugges- 
tions on earlier drafts; and the Consejo Nacional de 
Ciencia y Tecnología (ICECXNA-050313) and the 
Secretaría de Programación y Presupuesto for financia1 
support. 

LITERATURE CITED 

BROWN, J. H . ,  AND M .  A. BOWERS. 1985. Com- 
munity organization in hummingbirds: between 
morphology and ecology. Auk, 102:251-269. 

EWALD, P. W., AND W.  A. WILLIAMS. 1982. Func- 
tion of the bill and tongue in nectar uptake by 
hummingbirds. Auk, 99:573-576. 

FEINSINGER, P. 1983. Coevolution and pollination. 
Pp. 282-310, in Coevolution (D. J. Futuyma and 
M .  Slatkin, eds.). Sinauer Associates., Sunderland, 
Massachusetts, 555 pp. 

GARCÍA, E.  1981. Modificaciones al sistema de clasi- 
ficacíon climática de Koeppen. Instituto de Geo- 
grafía, Universidad Nacional Autónoma de Méxi- 
co. México, 252 pp. 

JANZEN, D.  H. 1980. When is it coevolution? Evo- 
lution, 34:611-612. 

LYON, D .  L., AND C. CHADER. 1971. Exploitation 
of nectar resources by hummingbirds, bees (Bom- 
bus) and Diglossa baritula and its role in the evo- 
lution of Penstemon kunthii. Condor, 73:246-248. 

MACIOR, L. W. 1986. Floral resource sharing by 
bumblebees and hummingbirds in Pedicularis 

hummingbirds: response to different floral char- 
acters. Oecologia, 63:229-236. 

MONTGOMERIE, R.  D. ,  J. M .  EADIE, AND L. D.  HAR- 
DER. 1984. What do foraging hummingbirds 
maximize? Oecologia, 63:357-363. 

ORTEGA, A. 1986. Dinámica y estrategias demo- 
gráficas de dos poblaciones de iguánidos simpátricos 
en la Reserva de la Biosfera de La Michilía. Un- 
publ. Ph.D. dissert., Instituto Politécnico Nacional, 
México, 329 pp. 

PRICE, M .  V., AND N. M .  WASER. 1979. Polien dis- 
persa1 and optimal outcrossing in Delphinium nel- 
soni. Nature, 277:294-296. 

SEVERSON, K.  E. 1981. Food habits and nutritional 
relationships of mule deer in southwestern United 
States. Pp. 149-164, in Deer biology, habitat re- 
quirements and management in western North 
America (P. F .  Ffolliott and S. Gallina, eds.). In- 
stituto de Ecología, México, 238 pp. 

STILES, F .  G.  1976. Taste preferences, color pref- 
erences, and Bower choice in hummingbirds. Con- 
dor, 78:lO-26. 

VILLA-SALAS, A. B. 1968. La vegetación forestal en 
el extremo meridional de Baja California. Dirección 
General de Inventario Forestal, Secretaría de Agri- 
cultura y Recursos Hidraúlicos, México, 10:l-20. 

WIGGINS, 1. L. 1980. The  flora of Baja California. 
Stanford Univ. Press, Stanford, California, 1025 

PP. 
WOLOSZYN, D.,  AND B. W.  WOLOSZYN. 1982. Los 

mamíferos de la Sierra de La Laguna, Baja Cali- 
fornia Sur. Consejo Nacional de Ciencia y Tec- 
nología, México, 168 pp. 


