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Resumen. — Depredacion pre-dispersiva por aves del cacto columnar (Neobuxbaumia tetetzo,
Cactaceae) en el centro de México. — La depredacién de semillas es una fuerza ecoldgica que
afecta a los individuos y poblaciones. Una disminucion en la disponibilidad de semillas ocasionada
por la depredacion influenciara la tasa de reclutamiento, afectando el tamafio de la poblacién y la
composicion de las comunidades. Evaluamos la importancia de las aves frugivoras como depredadoras
de semillas del cactus columnar (Neobuxbaumia tetetzo) en el bosque tropical deciduo. Para esto,
medimos la efectividad de las aves como dispersoras de semillas, utilizando los componentes de calidad
y cantidad. Las aves removieron el 48,4% de las semillas, del cual 41,4% fue depredado, ya que las
semillas fueron destruidas al pasar por el tracto digestivo de las Palomas ala blanca (Zenaida asiatica),
Guacamayas verdes (Ara militaris) y Pinzones mexicanos (Haemorhous mexicanus). El desempefio
de N. tetetzo hasta un afio de sobrevivencia varié significativamente entre microhabitats, y solo seis
microhabitats (Cyrtocarpa procera, Ceiba aesculifolia var. parvifolia, Cnidosculus tehuacanensis,
Euphorbia schlechtendalii, Amphypteriguim adstringens y Mimosa luisana) tuvieron efectos posi-
tivos sobre la sobrevivencia del cacto. Los Carpinteros pecho gris (Melanerpes hypopolius) y los
Carpinteros mexicanos (Picoides scalaris) no destruyeron las semillas al pasar por su tracto digestivo,
pero después de alimentarse las aves visitaron con alta frecuencia otros individuos de N. tetetzo, lo
que incrementaria la probabilidad de depositar las semillas bajo un conespecifico. Este estudio mostrd
que desde la perspectiva de la dispersién, la depredacion de semillas y la conducta de los carpin-
teros después de alimentarse afectaron negativamente a mas de la mitad de las semillas producidas.
Esto, puede afectar fuertemente el reclutamiento, uno de los estadios claves del ciclo de vida de este
cacto.

Abstract. — Seed predation is an ecological and evolutionary force that affects individuals and popula-
tions. A decrease in seed availability caused by seed predation will influence recruitment rate, affecting
population size and community structure. We evaluated the importance of fruit-eating birds as pre-
dispersal seed predators on columnar cactus (Neobuxbaumia tetetzo) in tropical deciduous forest
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by measuring their effectiveness as seed dispersers, which was calculated using the quantity and
quality components of dispersal. The quality component included the quality of the microhabitat where
seeds were deposited until one year after seed germination. Birds removed 48.4% of the seeds, of
which 41.4% were predated by White-winged Doves (Zenaida asiatica), Military Macaws (Ara militaris),
and House Finches (Haemorhous mexicanus), because the seeds that passed through its digestive
tract were destroyed. The performance of N. tetetzo throughout one year of survival varied significantly
between microhabitats, and only six yielded positive effects on the survival of this cactus (Cyrtocarpa
procera, Ceiba aesculifolia var. parvifolia, Cnidosculus tehuacanensis, Euphorbia schlechten-
dalii, Amphypteriguim adstringens and Mimosa luisana). Seeds consumed by Grey-breasted Wood-
peckers (Melanerpes hypopolius) and Ladder-backed Woodpeckers (Picoides scalaris) were not
destroyed by passing through the gut-track, but after feeding, these woodpeckers had a high proportion
of visits to N. tetetzo increasing the likelihood that seeds were deposited under conspecifics, which are
inadequate sites for seedling establishment. Under the aspect of dispersal effectiveness, this study
demonstrated that pre-dispersal seed predation by birds and the behavior of woodpeckers after foraging
negatively affected the viability of almost half of the seeds produced by N. tetefzo. This may strongly
affect seedling recruitment, one of the key steps in the life cycle of this cactus. Accepted 30 October
2014.

Key words: Military Macaw, Ara militaris, White-winged Dove, Zenaida asiatica, columnar cactus,

Neobuxbaumia tetetzo, gut passage effect, Mexico, seed predation, tropical deciduous forest.

INTRODUCTION

Plant recruitment depends heavily on external
factors that can positively or negatively affect
plant demography (Harper 1977, Ibafiez &
Schupp 2002). Seed predation is an ecological
and evolutionary force that has a negative
effect on plant breeding ecology (Schupp
1998, Hulme 1998, Hulme & Benkman 2002,
Silman ef al. 2003). Seed predation plays an
important role in plant demography and
diversity in tropical environments, and
imposes strong selection pressure on plants
(Janzen 1970, Hulme & Benkman 2002). Seed
predators decrease the probability of seed
dispersal, and their impact depends on the
intensity of seed predation and seed limitation
(Janzen 1970, Calvifio-Cancela 2007). Seed
predation may also play a positive regulatory
role in conserving the diversity of canopy
trees in tropical forest by maintaining diver-
sity in seed banks (Louda 1989, Renton
2001).

Pre-dispersal seed predation takes place
when seeds are removed from the parent

plant before they can be dispersed, and post-
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dispersal seed predation occurs when seed
consumers remove seeds after their dispersal
(Hulme & Benkman 2002). Insects and mam-
mals are the main seed dispersers (Peres 1991,
Peres & Baider 1997), whereas birds are pri-
marily pre-dispersal seed predators (Janzen
1971). In the Neotropics, psittacids (parrots,
parakeets, and macaws) have been identified
as important pre-dispersal seed predators
(Higgins 1979, Janzen 1981, Galetti & Rodri-
gues 1992, Galetti 1993; Renton 2001, 2006;
Trivedi e al. 2004, Francisco e a/. 2008, Hau-
gaasen ef al. 2008, Villasefior-Sanchez et al.
2010, Ragusa-Netto 2011). Parrots represent
a high proportion of the biomass of grani-
vores in the tropical forest canopy (Villase-
fior-Sanchez et al. 2010), since they have a
high rate of seed consumption in canopy
trees, assemble in large feeding flocks, and
move quickly between food resources, which
has an important impact on the plants they
eat (Janzen 1972, Higgins 1979, Howe 1980,
Janzen 1981, Coates-Estrada ez a/. 1993, Nor-
conk ¢t al 1997, Kristosch & Marcodes-
Machado 2001, Francisco ¢# a/. 2002, Bollen &
Elsacker 2004, Villasefior-Sanchez et al. 2010).



Some studies estimate that pre-dispersal seed
predation by parrots represents between 6.4
and 10% of total seed predation (Howe 1980,
Galetti & Rodrigues 1992, Trivedi ez al. 2004),
while other psittacid species have a high rate
of fruit consumption (up to 99 or 100% of
each piece of fruit; Francisco ef a/. 2008, Hau-
gaasen 2008).

The availability of seeds and suitable sites
(safe sites) for seedling establishment are key
determinants for recruitment in plant popula-
tions (Harper e al. 1965, Crawley 1992,
Ducan ez al. 2009). In arid and semiarid zones,
cacti require safe sites under perennial plant
species (nurse plants) during the first steps of
their life cycle, since these plants provide a
suitable microhabitat for seed germination
and seedling establishment and survival for
cacti (Steenbergh & Lowe 1969, Valiente-Ba-
nuet & Ezcurra 1991, Callaway 1998, 2007).
The availability of nurse plants in the environ-
ment, along with directed seed dispersal to
these safe places, are decisive factors in cacti
early survival (Harper e a/ 1965, Callaway
1998, Ibafiez & Schupp 2002, Schupp ez 4l
2010).

In this study, we evaluated the importance
of fruit-eating birds as pre-dispersal seed
Neobux:-
baumia tetetzo in tropical deciduous forest,

predators on columnar cactus
by measuring their effectiveness as seed
(Schupp 1993). This columnar
cac-tus is endemic to Puebla and Oaxaca in
central Mexico. It is highly ramified and
grows up to 10 m tall (Bravo-Hollis 1978),
and its fruits fit the chiropterochory syn-
drome (van der Pijl 1982, Valiente-Banuet ef
al. 1996). We estimated seed dispersal effec-

tiveness by considering the quantity and qual-

dispersers

ity components of seed dispersion, and
considered the effect of the microhabitat
where seeds were deposited, which is the
last quality component for recruitment used
to measure the effect that birds have on this
cactus.

PRE-DISPERSAL SEED PREDATION BY BIRDS

METHOD

Study area. The study was carried out in the
southwestern area of the Tehuacan-Cuicatlin
Biosphere Reserve in central Mexico, in
Santa Marfa Tecomavaca, Oaxaca, in Sabino
Canyon (17°51°44.60”N, 97°2°43.89”W,; Fig.
1). The site ranges from 610 to 885 m a.sl
Its annual mean temperature is 32°C, with a
mean total rainfall of 513.2 mm (Garcia
1988). The rainy season occurs between June
and October, and the dry season lasts up to
eight months. The vegetation in the study
area is tropical deciduous forest (TDF). The
main tree species present are Cyrfocarpa pro-
cera (Anacardiaceae), Ceiba aesculifolia  var.
parvifolia (Bombacaceae), Neobuxbanmia tetetzo
(Cactaceae), Parkinsonia praecox (Caesalpini-
aceae), Amphypteringinm adstringens (Juliana-
ceac) and several species of Bursera (But-
seraceae), in addition to shrubs, such as
Euphorbia schlechtendalii (Euphorbiaceae), Cui-
doscolus tebnacanensis (Euphorbiaceae), and M-
mosa luisana (Mimosaceae; Valiente-Banuet ef
al. 2009, Contreras-Gonzalez 2007). Mean
diameter at breast height (DBH) of the tree
species in the study area was 2.93 £ 0.2 cm,
and their mean height was 13.8 £ 242 m
(Rivera-Ortiz et al. 2013). The study site was
a small aggregation of columnar cactus N.
tetetzo (such aggregations are known as ‘tete-
cheras’), with densities of c¢. 315 individuals/
ha (individuals > 1 m height).

Field work. The study was conducted during
the fruiting season of N. zefetzo from the end
of May until mid-June 2009, just before the
rainy season. We calculated seed predation by
fruit-eating birds on N. #efetzo by estimating
seed dispersal failure, which was accom-
plished by measuring the effectiveness of the
seed dispersal index, calculated as the product
of the quantity and quality components of dis-
persal (Schupp 1993). The quantity compo-
nent was estimated as the product of the
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FIG. 1. Study site in Santa Maria Tecomavaca, Tehuacan-Cuicatlan Biosphere Reserve, central México,
including the location of Sabino Canyon and columnar cactus shrubland in Tehuacan Valley.

number of seeds removed by each bird spe-
cies, the frequency of visits to fruits, and the
proportion of diurnal seed removal. The qual-
ity component was calculated as the product
of the probability of seed germination after
passing through the gut of each bird species,
the probability that seeds were deposited
under perennial plant species, and the quality
of microhabitat, measured as probability of
survival until up to one year after germina-
tion.

Dinrnal and nocturnal seed removal. Since both
diurnal and nocturnal animals consume N.
tetetzo fruits, we conducted field seed removal
experiments for both animal groups to esti-
mate the mean number of seeds they
removed. During seven days, ripe dehiscent
fruits were tagged and assigned to one of the
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following presentation methods under dis-
tinct removal events: (1) bird removal, where
a total of 15 ripe dehiscent fruits, each from a
different plant, were covered with a nylon
mesh during the night to exclude nocturnal
animals, and they were exposed to birds from
06:30 to 19:00 h, and (2) bat removal, where a
total of 11 ripe dehiscent fruits, each from a
different plant, were protected from birds
during the day and exposed to nocturnal seed
removers from 19:30 to 06:00 h (as proposed
by Godinez-Alvarez et al. 2002). For each ani-
mal group (birds and bats), we recorded the
percentage of seeds removed. The sample
size of the ripe fruits was small when the
study was conducted because the abundance
of fruits produced by this cactus was low dur-
ing 2009, as compared to 2006 (Contreras-
Gonzalez 2007), as we found only 11 fruits in



a parcel of 50 x 20 m, of which three were
ripe. We estimated the proportion of pulp and
seeds removed per fruit by determining the
percentage of fruit that was consumed: 1) <
25%, 2) 25-50%, 3) 50-75%, or 4) > 75%),
and then the number of consumed seeds was
calculated as the product of the percentage of
fruit consumed and the average number of
seeds per fruit (Godinez-Alvarez et al. 2002);
the latter was calculated by directly counting
the seeds in ten randomly collected fruits.

Foraging observations. We conducted simultane-
ous observations of at least five IN. zefetzo indi-
viduals with tipe fruits, using binoculars and/
or a telescope. Observations were made dur-
ing periods of high bird activity (from
06:30-10:30 h and 16:30-19:30 h) for a total
of 170.37 h throughout the 2009 fruiting sea-
son (end of May until beginning of June). We
recorded bird species, frequency of visits to
each species, number of fruits/seeds con-
sumed per visit, duration of each visit and
number of feeding individuals. To calculate
the number of seeds that were removed, we
collected the fruits that birds had visited and
estimated the number of seeds that were
removed, as described above. The number of
removed seeds per species was calculated as
follows: (relative frequency of visits) x (num-
ber of seeds removed per visit) x [total num-
ber of removed seeds by guild (diurnal)].

Seed germination after gut passage. We determined
the effect on seeds that passed through the
gut by using seeds defecated by birds that
were captured in mist nets. We captured birds
with 11 mist nets (12x 2.6 m, 9 x 2.6 m, and 6
x 2.6 m) placed near N. fetetzo individuals
between 07:00 to 10:00 h and 17:00 to 19:30
h, for a total of 1617 net-hours. Captured fru-
givorous birds that eat IN. feferzo fruits were
placed in individual 50 x 50 x 50 cm cages.
These were 1 White-winged Dove (Zenaida

asiatica), 3  Gray-breasted ~Woodpeckers
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(Melanerpes hypopolius), 1 Ladder-backed Wood-
(Picoides Curve-billed
Thrasher (Toxostoma curvirostre), and 2 House

pecker scalaris), 1
Finches (Haemorhous mexicanus). After 30 min-
utes, the captured individuals were offered
N. fetetzo fruits ad libitum. After defecating,
birds were released and their feces were col-
lected in paper bags for transportation to the
lab. Ten captive Military Macaws from the
African Safari Zoo were placed in individual
100 x 150 x 200 cm cages, and were left with
no food overnight. The following morning,
they were offered N. tetetzo fruits ad libitum,
and their feces were collected in paper bags
for transportation to the lab.

In the laboratory, we separated the seeds
in bird feces and placed them in Petri dishes
with filter paper (Whatman No. 1). In addi-
tion to the seeds obtained from birds, we
established a control treatment of seeds
obtained directly from IN. feetzo fruits. These
seeds were germinated at room temperature
under natural daylight conditions. Daily we
tallied the number of seeds whose radicle
emerged (Godinez-Alvarez et al. 2002, Cas-
tillo & Valiente-Banuet 2010). We calculated
the probability of N. zetetz0 seed germination
after gut passage as follows: (mean number
of defecated seeds/mean number of eaten
seeds) x (mean number of germinated seeds/
mean number of defecated seeds). Icterus
pustulatus was not captured in the mist nets,
and the probability of seed germination after
consumption by it was obtained from Cas-
tillo (2011). However, the probability actually
used was that of N. mezcalaensis seeds after
consumption by Icterus cucullatus and Icterus
wagleri  (Castillo 2011). Bird species that
destroyed seeds when they passed through
their digestive tract were considered seed
predators.

Probability of seed deposition. The terrain of the

study area is rugged, which made it difficult to
observe the particular plant species where
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birds perched after feeding. Therefore, during
our foraging observations we recorded the
frequency with which birds perched in trees,
shrubs, or columnar cacti after foraging
(Godinez-Alvarez et al. 2002, Castillo 2011).
In addition, we established six plots (50 x 20
m) in the area with aggregation of columnar
cactus . fefetzo where we quantified the per-
centage cover of each plant species and of
bare ground. The coverage of each species
was calculated under the assumption that its
area is an ellipse, whose axis is the crown
radius to the center of coverage and the
crown radius perpendicular to that point
(coverage = 7 x major radius x minor radius;
Gill ez al. 2009). Bare ground was calculated as
the difference between the total measured
area and the percentage of coverage occupied
by plant species (Castillo 2011). We then esti-
mated the probability with which seeds are
deposited in each microhabitat, according to
the proportion of the number of times each
bird species perched in trees, shrubs, and
cacti, and the proportional coverage of each
plant species in the area with aggregation of
the N. #eterzo (Godinez-Alvarez et al. 2002,
Castillo 2011).

Microbabitat guality. Data on microhabitat qual-
ity were obtained from Contreras-Gonzalez ez
al. (in prep.). Microhabitat quality experiments
were conducted on a southern slope of Sab-
ino Canyon with an inclination between 6.9°
and 28.4° in the area with aggregation of
columnar N. zefetzo. A factorial experimental
design with two factors was established: (1)
microhabitat and (2) predation. The micro-
habitat factor had 14 levels, consisting of
bare ground and underneath 13 perennial
plant species (including N. #zefetz0), whereas
the predation factor had two levels, predator
exclusion and non-exclusion treatments for
N. ftetetzo seeds. For the microhabitat, we
selected the most abundant perennial plant,
and species with a higher number of young
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individuals of N. zefetzo (< 1 m high) growing
beneath their crowns. These species were:
Cyrtocarpa procera, Plumeria rubra, Ceiba aescu-
lifolia var. parvifolia, Bursera schlechtendalii, B.
morelensis, N. tetetzo, Parkinsonia praecox, Senna
wislizenii, Euphorbia schlechtendalii, Chidosculus
tebnacanensis, Fouquieria formosa, Amphypterin-
gium adstringens, and Mimosa luisana.

Randomly selected seeds were collected
from 15 ripe IN. feferzo fruits and sown
beneath each perennial plant species and in
bare ground. Five exclusion and five non-
exclusion treatments were established for
each microhabitat, with 20 seeds in each repli-
cate. Seed predation by birds and rodents was
prevented by wire net cages (15 x 10 x 7 cm)
fixed to the ground. To avoid predation by
invertebrates, we applied Tanglefoot and
insecticide powder (Ant Stop Plus) around
each cage after each monitoring session. Sut-
vival of seedlings was monitored every month
for a year.

Data analysis. Diurnal and nocturnal seed
removal was compared using a ftest. We
compared the number of visits to fruits by
different bird species by means of a Chi-
square test. We also compared the number of
seeds consumed per visit by each bird species,
the time of each visit, and the number of
feeding individuals by using an ANOVA, after
testing for normality of data distributions. All
analyses were performed using R software (R
Development Core Team 2008).

RESULTS

Dinrnal and nocturnal seed removal. During the
2009 fruiting season, diurnal and nocturnal
seed removal was similar (# = 2.01, P = 0.54).
Nocturnal removal of fruit pulp and seeds
was 51.6%, and diurnal seed removal was
48.4%. As the mean number of seeds per fruit
was 944.2 £ 209.7 (mean * SE; N = 10), seed
removal was of 487 seeds per fruit during the
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night and 456.9 seeds per fruit during the
day.

Foraging observations. We observed seven bird
species feeding on IN. zefetzo fruits (Table 1).
Bird species fed on pulp and/or seeds. Most
bird species consumed both immature and
mature fruits, although Curve-billed Thrash-
ers (Toxostoma curvirostre) and Streak-backed
Orioles (Icterus pustulatns) fed only on ripe
fruits (Table 1).

White-winged and  Military
Macaws were the most frequent consumers of
N. tetetzo fruits (X° = 1050, df = 6, P <
0.0001). White-winged Doves removed the
highest percentage of seeds (50.6% of total
number of seeds removed) because this spe-

Doves

cies had a high frequency of visits to fruiting
Military removed  34.2%,
Grey-breasted Woodpeckers 11.2%, and
other birds species removed less than 4%
(Table 1). Military Macaws foraged in groups
and had the highest number of individuals
recorded feeding on N. fefetzo fruits (mean
1.79 * 0.014 individuals, range 1-7 individu-
als; F, 5, = 31.13, P < 0.0001). This species
consumed more seeds per foraging visit
(3022.5 * 30.2) than other bird species (F,,
= 89,225 P < 0.0001). Furthermore, Military
Macaws spent more time per visit feeding
on the fruits of this cactus (8.9 = 0.06 min)
than any other bird species (F,,5; = 996, P
< 0.0001).

cacti. Macaws

Seed germination after gnt passage. 'The number
of seeds found in the feces of different bird
species varied from 0 to 12. The control treat-
ment had the highest probability of germina-
tion at 96 = 3.3%. Similarly, high probability
of seed germination after gut passage was
found for Grey-breasted Woodpeckers,
Ladder-backed Woodpeckers, and Curve-
billed Thrasher (80.5 + 10; 100, 100, respec-
tively). By contrast, all seeds consumed
by White-winged Doves, Military Macaws
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and House Finches were destroyed (Table 1),
so these species acted as pre-dispersal seed
predators.

Probability of seed deposition. Mimosa luisana pro-
vided the largest amount of plant cover in the
study area (Table 2), while B. muorelensis, N.
tetetzo, and F. formosa had the lowest. After
feeding, birds moved mostly to other N.
tetetzo individuals. This was especially so for
Streak-backed  Oriole and  Curve-billed
Thrasher, which perched only on other N
tetetzo plants after feeding. Grey-breasted and
Ladder-backed Woodpeckers perched in trees
(0.41 and 0.27 of events, respectively). How-
ever, woodpeckers had a high frequency of
visits to IN. zetetzo (Table 3).

Microbabitat guality. After one year IN. tetetzo
seedlings survived only in the predation
exclusion treatment, and only in six of the 14
microhabitats (Cyrtocarpa procera, Ceiba aesculi-
Jolia ~ar.  parvifolia, Cnidosculus  tehunacanensis,
Euphorbia schlechtendalii, Amphypteriguim adstrin-
gens, and Mimosa luisana; Table 2). The best
nursing plants with highest survival of N.
tetetzo seedlings after one year were C. procera
and M. luisana. Seedlings under N. fetetzo and
in bare ground did not survive for more than

60 days.

Elffectiveness of seed dispersal. Grey-breasted and
Ladder-backed Woodpeckers had the highest
effectiveness values as seed dispersers
(0.00042 and 0.000065, respectively; Table 4).
These species did not negatively affect seeds
that passed through the digestive tract (germi-
nation = 54% and 91%, respectively). Grey-
breasted Woodpeckers removed a large num-
ber of seeds and showed the highest fre-
quency of perching in trees after feeding. The
rest of the species had seed dispersal effec-
tiveness values of zero as a result of the seeds
being destroyed after passing through the gut,
their low visitation frequency (Table 1), or
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TABLE 2. Percentage of canopy cover of perennial plant species used in the survival experiments. Percent-
age of survival of N. zeetzo until one year after germination, either under the canopy of perennial plant spe-
cies or in bare grounds in tropical deciduous forest. The latter data were obtained from Contreras-

Gonzilez et al. (in prep).

Survival after one year (%)

Microhabitat Canopy
cover (%) Excluded  Non-excluded

Bare ground 2.5 0 0
Cyrtocarpa procera 43 7.6 0
Plumeria rubra 2.8 0 0
Ceiba aesculifolia 9.8 6.6 0
var. parvifolia

Bursera schlechtendalii 6.2 0 0
B. morelensis 0.9 0 0
Neobuscbanmia tetetzo 0.1 0 0
Parkinsonia praecox 125 0 0
Senna wislizeni 1 0 0
Crnidosculus tehnacanensis 1.7 1.6 0
Euphorbia schlechtendalii 3 1.7 0
Fouguieria formosa 0.9 0 0
Amphypteriguim adstringens 5.1 32 0
Mimosa luisana 26.7 6.6 0

because they perched in a N. zeetzo after for-
aging (Table 3).

DISCUSSION

The role of fruit eating animals as dispersers
or seed predators can be determined by mea-
suring quantity and quality components
(Schupp 1993, Jordano & Schupp 2000,
Schupp ez al. 2010, Calvifio-Cancela & Martin-
Herrero 2009). The quantity component is
related to the frequency of visitation and the
number of seeds removed while the quality is
related with germination parameters (treat-
ment as passing through gut, germination
micro-site, seedling survivorship; Schupp
1993, Jordano & Schupp 2000). In the study
area, seed removal of N. fefetzo by birds was
similar to nocturnal seed removal despite the
fact that N. fetetzo produces fruits with chi-
ropterochory syndrome. On the other hand,

in shrubland in Tehuacan Valley, bats

removed a higher proportion of N. zefetzo pulp
and seeds than birds (Godinez-Alvarez ez al.
2002). Similarly, Castillo (2011) reported that
bats removed a higher proportion of N. mezca-
laensis seeds than birds in a shrubland in Te-
huacan Valley. In the same area, in N. macro-
cephala which also exhibits fruits with a chi-
bats played a
secondary role to birds in seed removal (Rios

ropterochory  syndrome,
2009). The low nocturnal seed removal of
N. tetetzo in TDF compared to shrubland
could be associated with changes in fruit
availability (Jordano 1999). In our study area,
we observed that birds opened fruits during
the day before these open naturally overnight,
allowing more birds to remove seeds. This
probably limited the nocturnal food resource
for bats, which had been reported as effective
seed dispersers of this cactus species in other
area, lowering attractiveness of the resource
and bat abundance (Godinez-Alvarez et al.
2002).
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TABLE 4. Seed dispersal effectiveness of birds that
feed on fruits in tropical deciduous forest in Sabino
Canyon, measured as the contribution of frugi-
vores to recruitment until one year after germina-
tion. The effectiveness values for each bird species
were obtained from the sum of the products of
removed seeds, probability of seed germination
after gut passage, probability of deposition, and
microhabitat quality for recruitment until one year
after germination.

Bird species Effectiveness
Zenaida asiatica 0

Apra militaris 0
Melanerpes hypopolius 0.00042
Picoides scalaris 0.000065
Taxostoma curvirostre 0
Icterus pustulatus 0
Haemorhons mexicanus 0

At our site, six bird species feed on the
fruits of N. fetetzo, five of which have already
been reported to consume the fruits of this
cactus in shrubland: White-winged Dove,
Grey-breasted Woodpecker, Ladder-backed
Woodpecker, House Finch (Godinez-Alvarez
et al. 2002), and Military Macaw in Sabino
Canyon (Contreras-Gonzalez e al. 2009).
However, Streak-backed Oriole had not been
reported to feed on N. fefetzo fruits before,
although this species has been reported to
feed on N. mezcalaensis fruits (Castillo 2011).
Our analysis of the effectiveness of seed dis-
persal of N. sefetzo by birds in Sabino Canyon
showed that only Grey-breasted and Ladder-
backed Woodpeckers had values greater than
zero on seed dispersal of N. fetetzo, as has
been reported in shrubland (Godinez-Alvarez
et al. 2002). This was due to the effects of gut
passage on seed germination, since the per-
centage of seed germination of IN. feetzo pass-
ing through the digestive tract of these two
woodpecker species were the highest mea-
sured; however, the majority of their visits
after foraging were made to conspecifics of
N. tetetzo (59% of visits by Grey-breasted

PRE-DISPERSAL SEED PREDATION BY BIRDS

Woodpeckers and 73% of visits by Ladder-
backed Woodpeckers). Similar post-feeding
behavior has been reported for these birds
visiting N. zeterzo (Godinez-Alvarez et al.
2002), N. mezealaensis (Castillo 2011), and N.
macrocephala (Rios 2009) in shrubland. This
post-foraging behavior increased the prob-
ability of seed deposition under parent plant
species, which is obviously inadequate for
seedling establishment because seeds depos-
ited under conspecifics experienced high mor-
tality of seedlings during later growth phases
(Contreras-Gonzalez et al. in prep.).
Although Curve-billed Thrashers

Streak-backed Orioles were not considered

and

seed predators, these species presented a low
visitation frequency to N. zefetzo and all their
visits after feeding were made to conspecific
plants, resulting in a low seed dispersal effec-
tiveness value. The low frequency of visits of
these bird to this cactus species can be caused
by the low fruit production of this cactus dut-
ing the studied year, and by the influence of
other cacti species producing fruits at the
same time as N. zeferzo (Contreras-Gonzalez
2007). In contrast, Godinez-Alvarez et al.
(2002) reported that Curve-billed Thrashers
had a high effectiveness value in shrubland
because this species had a higher visitation
frequency to IN. fefetzo fruits, and it mostly vis-
ited shrubs after feeding.

Only some of the birds that feed on IN.
tetetzo fruits leave the seeds intact. This was
the case for White-winged Doves, Military
Macaws, and House Finches, which destroyed
all seeds during gut passage. White-winged
Doves and House Finches are also considered
seed predators in shrubland (Godinez-Alva-
rez et al. 2002). Foraging by avian predators on
N. tetetzo seeds could have negative effects on
the recruitment of this cactus especially in
non-mast years, since the density of available
seeds has been reported as negatively related
with predation probability (Hulme 1998,
Hulme & Benkman 2002).
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In shrubland, the values of seed dispersal
effectiveness of birds visiting N. fefetzo were
similar to our study (Godinez-Alvarez e/ al.
2002). However, for N. mezcalaensis the values
of effectiveness in seed dispersal for bird spe-
cies were higher than in our study (Castillo
2011), mainly due to the high frequency of
visits and the deposition of seeds directly into
safe sites for establishment of this cactus. We
found that seed predation by birds repre-
sented 41.4% of total diurnal and nocturnal
seed removal. In shrubland, Rios (2009)
observed in columnar cactus N. wacrocephala a
high loss of seeds caused by birds. In shrub-
land, Godinez-Alvarez ez al. (2002) also found
that White-winged Doves had a high fre-
quency of foraging visits to IN. fefetzo, but the
overall seed loss from predation was lower in
shrubland, perhaps due to the absence of Mil-
itary Macaws.

The consumption rate by Military Macaws
was similar to that observed by Contreras-
Gonzilez et al. (2009) in the 2005 fruiting sea-
son in the same study area. This resembles
the pattern of consistent seed predation
found for Lilac-crowned Parrots (Amagona
finschi) by Renton (2001). Previous studies
have reported high rates of seed predation by
parrots with potentially negative effects on
plant demography (Galetti & Rodrigues 1992,
Coates-Estrada e/ a/ 1993 Haugaasen 2008,
Francisco e 4/. 2008, Villasefior-Sanchez ez 4.
2010, Ragusa-Netto 2011). The high pre-dis-
persal seed predation of N. zetetzo found in
our study can be explained by the presence of
White-winged Doves and Military Macaws in
the area, since these species have the highest
visitation frequency and the longest foraging
time, and they removed the largest number of
seeds.

The high level of fruit consumption by
Military Macaws may also occur because the
fruiting season coincides with the beginning
of nesting and egg-laying, high fruit availabil-
ity of IN. zetetzo and low fruit availability from
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other species in the study area (Rivera-Ortiz ef
al. 2008, Contreras-Gonzalez ¢t al. 2009).
Fruits of N. fefetzo are rich in proteins and lip-
ids (Contreras-Gonzalez et al. 2009), which
are required by birds during the breeding sea-
son (Vriends 1991, Koutsos ez a/. 2001).

Birds may deposit seeds of N. fetetzo at
sites unfavorable for their establishment, as
during the first year only seedlings established
under six of the 13 nurse plant species studied
will survive (Contreras-Gonzalez ¢t al in
prep). Such establishment is a critical stage
for the of seed dispersal,
because not all sites where seeds are delivered

effectiveness

provide favorable conditions for their survival
(Callaway 1998, Callaway 2007, Calvifio-Can-
cela & Martin-Herrero 2009, Castillo 2011).

Our results suggest that seed dispersal
effectiveness could be affected negatively by i)
delivering seeds into inappropriate sites for
establishment, b) low fruit production, and c)
pre- dispersal seed predation, which may
decrease the availability of resources to effec-
tive dispersers (Godinez-Alvarez et al. 2002,
Calvifio-Cancela & Martin-Herrero 2009,
Castillo 2011).
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