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RESUMEN
Analicé las interacciones entre especies de aves que visitan las flores de Agave cupreata, para
evaluar si se ajustaban a la Hip6tesis de Dominancia Social (HSD, por sus siglas en inglés),
que propone que las interacciones estan influenciadas por la jerarquia de tamarfio corporal de
las especies involucradas o a la Hipotesis del Espacio Morfoldgico (HMS, por sus siglas en
inglés) que propone que las especies con caracteristicas morfoldgicas similares tienden a
segregar sus patrones de actividad para evitar la competencia. Mediante observaciones de
campo Yy grabaciones de video de las aves visitantes de plantas de A. cupreata cultivadas
(n=13) determiné determinar sus patrones de actividad y la relacién entre el resultado de
interacciones antagonistas y el tamarfio corporal de las especies interactuantes. Documenté 18
especies de aves visitantes de las flores de A. cupreata, siendo Icterus wagleri, Saucerottia
beryllina e Icterus cucullatus las méas frecuentes. Encontré, en general, un respaldo a la
hipétesis de HSD ya que hubo una relacion positiva entre la dominancia de las especies y el
tamafo corporal (i.e., las especies mas grandes tienden a dominar a las mas pequefias). Por
otra parte, hubo evidencia que sugiere que, a una escala temporal fina podrian estar operando
otros mecanismos que favorecen la coexistencia de especies, ya que las especies con
caracteristicas morfoldgicas y ecoldgicas similares tendieron a segregar sus picos de

actividad.



ABSTRACT
| analyzed the interactions between bird species visiting the flowers of Agave cupreata to

evaluate if they conformed to the Hypothesis of Social Dominance (HSD), which suggests
that interactions are influenced by the body size hierarchy of the species involved, or the
Hypothesis of Morphological Space (HMS), which proposes that species with similar
morphological characteristics tend to segregate their activity patterns to avoid competition.
Using field observations and video recordings of bird visiting the flowers of cultivated A.
cupreata plants (n=13) | assessed their activity patterns, the results of antagonistic
interactions, and their relationship with the species body size of the interacting species. |
documented 18 bird species visiting A. cupreata flowers, being Icterus wagleri, Saucerottia
beryllina, and Icterus cucullatus the most frequent. | found overall support for the HSD
hypothesis since there was a positive relationship between species dominance and body size
(i.e., larger species tended to dominate smaller ones). Moreover, there was evidence
suggesting that at a finer temporal scale, other mechanisms might be operating to favor
species coexistence, as species with similar morphological and ecological characteristics

tended to segregate their activity peaks.



INTRODUCCCION

Los atributos de las especies juegan un papel fundamental para determinar la estructura de
las comunidades (Fitzgerald et al. 2017; Outreman et al. 2017). La variacion en estos
atributos surge del efecto de procesos ecoldgicos y evolutivos relacionados con los factores
bidticos y abidticos del nicho ecoldgico (Hutchinson, 1959; Weiher et al. 2011; Enquist et al.
2015). De acuerdo con la teoria del filtrado ambiental, cuando las condiciones abidticas
ejercen una fuerte presion selectiva sobre las especies, se espera que exista una convergencia
fenotipica dentro de la comunidad (Weiher et al. 2011; Violle et al. 2012; Enquist et al. 2015).
Por el contrario, cuando las condiciones bi6ticas ejercen presiones selectivas, como por
ejemplo una alta competencia, se espera que los fenotipos de las especies sean divergentes
(MacArthur y Levins, 1967).

En ambientes donde los recursos bidticos o abidticos son limitantes, la competencia
entre las especies se agudiza (Hutchinson, 1959; MacArthur y Levins, 1967; Seyer et al.
2020) pudiendo dar como resultado un proceso conocido como exclusion competitiva
(Gause, 1934). Esto puede propiciar el surgimiento de mecanismos 0 estrategias para
segregar el uso de los recursos, la cual puede expresarse en los ejes del nicho del tiempo y el
espacio (Pianka, 1969; Seyer et al. 2020).

La hipdtesis del dominio social del comportamiento postula que la segregacion en el
acceso a los recursos alimenticios resulta de la exclusion de individuos subordinados por
parte de individuos dominantes ya sea a nivel intra o interespecifico (Carpenter, 1979; Symes
et al. 2008; Lara et al. 2009). Esta hipotesis se ha planteado como una alternativa para
explicar la estructuracion de las comunidades de insectos, aves y murciélagos nectarivoras
gue comparten recursos florales limitantes (Lara et al. 2009). Se ha observado que la
jerarquizacion en la dominancia del acceso al recurso alimenticio esta directamente
influenciada por la masa y el tamafio corporal de las especies interactuantes (French y Smith,
2005; Bribiesca et al. 2019). En esos casos las especies mas grandes tienen una mayor
dominancia que las pequefas (Daily y Ehrlich, 1994; French y Smith, 2005; Bribiesca et al.
2019).



Por otro lado, la hipétesis del espacio morfolégico (HMS) propone que las
variaciones en rasgos como el tamafio del cuerpo, alas, cola, tarso y pico influyen en la
capacidad de diferentes especies para explorar, explotar y competir por recursos (Ricklefs y
Cox, 1977; Acosta y Mugica, 1990). En consecuencia, las especies que ocupan espacios
morfoldgicos similares (es decir, masas corporales similares) tienden a segregar sus patrones
de actividad a lo largo del tiempo, evitando asi la competencia por interferencia (Acosta y
Mugica, 1990; Nudds et al., 1994; Sanchez et al., 2000). La evidencia sugiere que la
diferenciacion de ciertos rasgos morfoldgicos, ecoldgicos y de comportamiento entre las
especies conduce a cambios significativos en sus rasgos funcionales que reducen la
competenciay establecen las reglas para la organizacion de las comunidades ecoldgicas (Ten
y Seehausen, 2022).

Debido a la gran cantidad de visitantes florales que atraen, los agaves pueden ser
considerados especies clave para el mantenimiento de la biodiversidad principalmente en
zonas aridas y semiaridas (Rocha et al. 2005; 2006; Eguiarte et al., 2021). Las caracteristicas
bioldgicas y ecoldgicas de los agaves (e.g., sus grandes inflorescencias y su produccion de
néctar generalmente nocturna), hacen que los murciélagos sean sus principales polinizadores.
Sin embargo, existe evidencia de que las aves también pueden desempefiar un importante
papel (Eguiarte et al. 1987; Rocha et al. 2006). EI Agave cupreata, mejor conocido como
“agave chino”, es una especie endémica de la cuenca del rio Balsas y las montafias de la
Sierra madre del sur, en los estados de Guerrero y Michoacéan. A diferencia de otros agaves,
A. cupreata no se puede reproducir asexualmente, por lo que la Unica via para lograr su

reproduccion es a través de visitantes florales (Gallardo et al. 2008).

Arreola (2018) reportd que alrededor de 24 especies de aves pertenecientes a las
familias Furnariidae, Icteridae, Mimidae, Parulidae, Turdidae (Paseriformes), Picidae
(Piciformes) y Trochilidae (Apodiformes) visitan las inflorescencias de A. cupreata. Estas
familias de aves incluyen especies con una importante variacion respecto a sus rasgos
morfologicos, funcionales y ecologicos (e.g. tamafio corporal, colores y patrones
conductuales), lo que podria generar una alta competencia por el recurso (MacArthur y
Levins, 1967). Dado que las aves juegan un papel importante en el éxito reproductivo de A.

cupreata (Arreola, 2018) resulta relevante entender como se reparten este nicho alimentario,



asi como identificar los atributos que pueden estar determinando el resultado de sus patrones

de actividad diaria y de interacciones antagdnicas que pueden influenciar su coexistencia.

Objetivo general

Documentar los patrones de actividad diaria de la avifauna que visita las flores de A.
cupreata, para identificar si existen conductas antagonicas y evaluar si estas se reflejan en
segregacion temporal en el uso del recurso acorde a la Hipédtesis de dominancia social o a la

Hipotesis del espacio morfoldgico.

Objetivos particulares

e Determinar las especies de aves que mas frecuentemente visitan las flores de A. cupreata
y caracterizar sus patrones de actividad de forrajeo diario.

e Identificar si existen interacciones antagdnicas entre especies y determinar el efecto de la
masa corporal de las especies en el resultado de la interaccion.

e Evaluar el grado de la segregacion temporal (i.e. a lo largo del dia, nimero y duracion de

visitas) de la avifauna que visita las flores de A. cupreata.
Hipotesis
Se ha observado que la jerarquizacion en la dominancia del acceso al recurso alimenticio esta
directamente influenciada por la masa y el tamafio corporal de las especies interactuantes
(French y Smith, 2005; Bribiesca et al., 2019). En esos casos las especies méas grandes tienen

una mayor dominancia que las pequeiias (Daily y Ehrlich, 1994; French y Smith, 2005;
Bribiesca et al., 2019).

Alternativamente a la hipotesis anterior, la evidencia sugiere que la diferenciacion de
ciertos rasgos morfoldgicos, ecologicos y de comportamiento entre las especies conduce a
cambios significativos en sus rasgos funcionales (e.g., segregar sus patrones de actividad a
lo largo del tiempo) que reducen la competencia y establecen las reglas para la organizacion

de las comunidades ecologicas (Ten y Seehausen, 2022).



Predicciones

Si las interacciones entre aves que usan néctar de las flores de A. cupreata estan influenciadas
principalmente por la dominancia basada en el tamafio corporal, se esperaria una correlacion
positiva entre el tamafio corporal de la especie y la frecuencia de victorias en interacciones
antagonistas interespecificas. Ademas, se esperaria una relacion positiva entre el contraste en
el tamafio corporal entre especies y su grado de segregacion temporal de su actividad diarias
de busqueda de flores. Por el contrario, si las interacciones entre aves se ven mas afectadas
por la similitud morfoldgica, es de esperar una falta de relacion entre el tamafio corporal de

las especies y los resultados de las interacciones interespecificas.

El explorar las interacciones entre especies de aves que visitan recursos que pueden
llegar a ser limitantes es sumamente importante. Esto especialmente, cuando dicho recurso
puede ser afectado por cambios de uso de suelo, extraccion de recursos naturales y los efectos

del cambio climatico.

El presente documento esta conformado por: a) esta introduccion, b) un manuscrito
enviado a la revista Oikos que se enfoca en evaluar los patrones de actividad, su segregacion
y las conductas antagonicas entre las aves que visitan el A. cupreata y c) una breve discusion

final.
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Temporal segregation in the search and use of resources, as well as
dominance relationships among species, play an important role in the
structure of floral visitor bird ensembles. This study evaluates the role
that antagonistic hierarchical behaviors and temporal segregation have
on the visiting patterns of birds using the nectar resources of Agave
cupreata. This was assessed using video recordings and direct
observations of 13 cultivated individuals of A. cupreata. We determined
the temporal overlap of flower visitation and the dominance hierarchy of
the members of the nectarivore bird ensemble. The dominance hierarchy
was determined by quantifying the winners in the antagonistic behaviors
Abstract: | among species. We also related the dominance hierarchy with the bird's
body masses. We documented 18 bird species visiting A. cupreata
flowers, Icterus wagleri, Saucerottia beryllina, and Icterus cucullatus
were the most frequent. We found two patterns: 1) dominance of access
to nectar resources by the species with larger body masses; and 2) a
temporal segregation in activity among bird species with similar body
masses. Our results indicate that the dominance hierarchy as well as
temporal segregation act together as mechanisms that reduce
competition for access to the resource provided by the nectar of A.
cupreata, giving way to the formation of groups between the species of
visiting birds according to body mass.

OLARONE™



Page 1 0f48

10
11
12
13
14
15
16
17
18
19
20
21
22
23

24

Oikos

Dominance hierarchy determines access to flower resources among birds visiting the

endemic Agave cupreata in Western Mexico

Abstract

Temporal segregation in the search and use of resources, as well as dominance relationships
among species, play an important role in the structure of floral visitor bird ensembles. This study
evaluates the role of antagonistic hierarchical behaviors and temporal segregation on the visiting
patterns of birds using the nectar resources of Agave cupreata. This was assessed using video
recordings and direct observations of 13 cultivated individuals of A. cupreata. We determined the
temporal overlap of flower visitation and the dominance hierarchy of the members of the
nectarivore bird ensemble. The dominance hierarchy was determined by quantifying the winners
in the antagonistic behaviors among species. We also related the dominance hierarchy with the
bird's body masses. We documented 18 bird species visiting 4. cupreata flowers, Icterus
wagleri, Saucerottia beryllina, and Icterus cucullatus were the most frequent. We found two
patterns: 1) bird species with larger body masses were more successful in winning antagonistic
interactions associated with access to floral resources than birds with smaller sizes; and 2) the
greater the contrast in body masses between the interacting species the lower the temporal
overlap in their activity. Our results indicate that the dominance hierarchy as well as temporal
segregation act together as mechanisms that reduce competition for access to the resource
provided by the nectar of 4. cupreata, giving way to the formation of groups between the species

of visiting birds according to body mass.

Keywords: activity patterns, competition, dominance hierarchy, nectar-feeding birds, temporal

segregation.
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Introduction

By presenting a high-energy content that is easy to assimilate by floral visitors, nectar resources
create a convenient environment for negative interactions among nectarivorous animals
(Hutchinson, 1959; MacArthur & Levins, 1967; Seyer et al., 2020). These negative interactions
include physical aggressions among individuals of the same or different species, potentially
resulting in the competitive exclusion of some of them (Gause, 1932). Thus, strategies that
segregate the use of nectar resources become crucial for mitigating the adverse effects of these

interactions, ultimately facilitating species coexistence (Pianka, 1969; Seyer et al., 2020).

The hypothesis of social dominance (HSD) posits that segregation in resource access
arises from the exclusion of subordinate individuals by dominant ones, occurring both at
intraspecific and interspecific levels (Carpenter, 1979; Symes et al., 2008; Lara et al., 2009). This
hypothesis has been proposed as an alternative explanation for the organization of insect, bird,
and bat communities that exploit shared nectar resources (Richards, 2002; Lara et al., 2009).
Dominance hierarchies of resource use are often linked to species’ body mass variation, with
larger species exerting greater dominance over their smaller counterparts (Daily & Ehrlich, 1994;
French & Smith, 2005; Bribiesca et al., 2019). For instance, hummingbird species with smaller
body masses (2.5-4 g) concentrate their foraging activities when larger species are less active

(Omelas et al., 2002; Lara et al., 2009).

Altemnatively, the hypothesis of the morphological space (HMS) proposes that variations
in traits such as body, wing, tail, tarsus, and beak size influence the ability of different species to
explore, exploit, and compete for resources (Ricklefs & Cox, 1977; Acosta & Mugica, 1990).

Consequently, species that occupy similar morphological spaces (i.e., similar body masses) tend

(S}
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to segregate their activity patterns over time, thus avoiding interference competition (Acosta &
Mugica, 1990; Nudds ef al., 1994; Sanchez et al., 2000). Evidence suggests that the
differentiation of certain morphological, ecological, and behavioral traits among species leads to
significant changes in their functional traits that reduce competition and set the rules for the

organization of ecological communities (Ten & Seehausen, 2022).

In this study, we assess the extent to which negative interactions occur among birds
visiting the flowers of the endemic Agave cupreata in Western Mexico, examining whether they
align with the HSD or the HMS. To test the predictions of these two hypotheses, we: 1) recorded
the frequency of antagonistic interactions among bird species that most commonly exploit the
nectar from 4. cupreata; 2) assessed the relationship between the body mass of visiting species
and the outcomes of their antagonistic interactions (i.e., wins or losses); and 3) analyzed the
impact of body mass differences among visiting bird species on the extent of segregation in their
daily foraging activities. If interactions among birds using nectar from 4. cupreata flowers are
primarily influenced by dominance based on body size, we expect a positive correlation between
species' body size and the frequency of interspecific wins. Also, we expect a positive relationship
between interspecific differences in body size and the degree of segregation in their daily flower
foraging activities. In contrast, if bird interactions are more significantly affected by
morphological similarity, a lack of a relationship between species' body size and the outcomes of
interspecific interactions is to be expected. Finally, we hypothesize the existence of a negative

relationship between body size differences and segregation in the daily use of flower resources.
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Methodology

Study area

This study was conducted in the municipality of Madero, Michoacan, located in West Mexico
(19°10° to 19°33’ N and 100°59’ to 101°22° W; Fig. 1). The region presents an elevational range
from 800 to 2,900 m.a.s.1. The climate is warm and sub-humid, with rains in summer (Cwa,
according to the Koppen climate classification). The average annual precipitation is 700 £ 1650
mm, with an average annual temperature of 23.9 + 7.5 °C. The predominant vegetation types are
seasonal tropical forests and temperate pine-oak forests (INEGI, 2017). Cattle raising and
orchards are common in the region, as well as the cultivation of agave to produce mezcal and
sugar cane (INEGI, 2017). The original vegetation type in the area where our focal 4. cupreata

plants were located was the seasonal tropical forest.

Study design

To conduct our observations, we used cultivated individuals of 4. cupreata. These plants were in
areas with easier accessibility and more security than their wild counterparts. A preliminary study
showed that cultivated 4. cupreata plants are visited by animal ensembles very similar to those
visiting wild individuals (R snospn=0.02, P=0.55; Arreola, 2018). Cultivated 4. cupreata are
grown in greenhouses for two years and later are planted on hillsides. Our first field season was
conducted from December 2016 to April 2017, surveying nine cultivated A. cupreata individuals.
Our second field season was conducted from March to April 2021, surveying four individuals. To
be selected as a focal plant, an agave individual must have at least eight flowering umbels and
look healthy (i.e., presenting bright green coloration in the stem and leaves). This criterion was

used to ensure they would be attractive to visitors (Trejo-Salazar et al., 2015; Arreola, 2018).
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During our first monitoring season (2016-2017), we video-recorded focal agaves from 07:00 to
20:00 h using one camera (Sinsyn, mod. ABQ-5200). This camera was mounted on top of a
metallic pole, allowing us to position it at 1 m from the surveyed inflorescences (supporting
information). After two days (13 hours of recording per day for a total of 26 hours of

recording/plant), we moved the camera to the next focal agave plant until we completed our nine

focal plants. The distance between our flowering focal agaves ranged between 0.12 and 7.15 km.

During our second monitoring season (2021), we conducted direct observations of bird
interactions using binoculars from 07:00 to 12:00 h for two days in each of our four focal plants.
We conducted our observation during this period because it presented the most significant bird
activity (personal observations). The sampling effort of the first season was 234 hours, while

during the second season, it was 40 hours.

We identified visiting birds with the help of field guides (Howell & Webb, 1995; Perlo,
2006; Dunn & Alderfer, 2017). During each observation, we recorded the species name and the
number, duration, and time of day of the visit. It is worth mentioning that a visit was considered
when the individuals had a direct interaction with the plant and/or its flowers. Additionally, we
recorded antagonistic behaviors among birds visiting the flowers. Bird antagonistic behaviors
included: 1) direct aggressions - when interactions involved physical contact, and 2) indirect
aggressions - involving intimidatory movements, the use of calls, and chasing without physical
contact. We considered the bird that interrupted or prevented access of other birds to the flowers
of 4. cupreata as the winner of the aggression. In contrast, the species whose activity was

interrupted was classified as the loser.
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Morphometric traits of visiting birds

We compiled information on the body size (total length from the tip of the beak to the tip of the
tail in cm) and body mass (in grams) of the bird species recorded visiting the flowers of 4.
cupreata. Data was obtained from the online database Birds of the World
(https://birdsoftheworld.org/). We only used data from male individuals to reduce between-sex
variation in morphological data (following Ricklefs & Travis, 1980). Data of bird body length
and body mass were highly correlated (r = 0.89, p > 0.001), therefore, we conducted subsequent
analyses using only body mass. This variable has been widely used to study antagonistic

interactions (Daily & Ehrlich, 1994; French & Smith, 2005; Bribiesca et al., 2019).

Data analysis

To ensure the biological relevance of our results, we focused our analyses on the bird species that
occurred as the most frequent visitors to 4. cupreata flowers. We included only species with
more than ten visits registered on the same day or another. To guarantee the independence of the
visits, we set a waiting period of 5 minutes between individuals of the same species to record a

new visit.

Relationship between species body mass and hierarchic dominance

We ranked bird species based on the frequency of wins and losses in interactions with other bird

species. To establish these rankings, we calculated David's score (DS) using the equation:

DS=w+w?-I-I’

Page 6 of 48
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where w is the number of encounters in which species i defeats species j, / is the number of
encounters species 7 loses against species j; w? is the total number of species defeated by 7, and 7
represents the total number of species 7 with which interactions were lost. The greater the positive
deviation from zero, the more pronounced the dominance (David, 1987). To explore the
relationship between bird species' body mass and their dominance rank, we performed a simple
linear regression analysis with the species” DS as the response variable and the body mass as the
explanatory variable. We conducted a Shapiro test to assess the normality of the residuals of the

regression model (De Bello ez al., 2021).

Relationship between bird temporal activity patterns and body-mass contrasts

We utilized video recordings and direct observations to determine the overlap in daily activity
patterns for each pair of bird species interacting with 4. cupreata during the two monitoring
seasons. We transformed the recorded visit times into radians to enable the calculation of overlap
coefficients (A; and A,) using the “Overlap” package in R (Ridout & Linkie, 2009; Linkie &
Ridout, 2011; Meredith & Ridout, 2021). The A value quantifies the overlap in daily activity
patterns between dataset pairs based on probabilistic density. While A, is suitable for small
sample sizes (less than 50), A, is more appropriate for larger sample sizes (more than 75
observations). These coefficients range between 0 (indicating no overlap) and 1 (indicating a

complete overlap; Ridout & Linkie, 2009; Linkie & Ridout, 2011; Meredith & Ridout, 2021).

We conducted a simple linear regression analysis to evaluate the relationship between
differences in bird species' body mass and their activity overlap. In this analysis, the response
variable was the corresponding A value for each species pair, and the explanatory variable was

the standardized difference between the average body mass of the two species within a pair ((M;-
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M,)/M,). Here M1 represents the mass of species one minus the mass of species 2 (M2), divided
by the average body mass of the smaller species (M2). We conducted a Shapiro test to assess the

normality of the residuals of the regression model (De Bello ef al., 2021).

Results

Most frequent floral visitor birds

During our initial field season, we recorded 21 bird species visiting 4. cupreata flowers, resulting
in an accumulative total of 1,537 visits, with an average of 67 visits per day. The avian species
with the highest number of visits was Icterus wagleri, trailed by Saucerottia beryllina, and
Icterus cucullatus (Figure 2; Table 1). In the subsequent field season, our direct observations
revealed the presence of 9 visiting species, constituting a total of 548 visits, with an average of 69
visits per day. S. beryllina emerged as the species with more visits, followed by I wagleri, and L
cucullatus (Table 1). The rest of the recorded species were: Calothorax lucifer, Leucolia
violiceps, Cynanthus auriceps, C. latirostris, Basilinna leucotis, Archilochus alexandri,
Selasphorus platycercus, S. rufus, Tilmatura dupontii, Lampornis clemenciae, Heliomaster
constantii, Eugenes fulgens, Leiothlypis ruficapilla, Cassiculus melanicterus, I. bullockii, 1.
pustulatus, I. parisorum, Campylorhynchus gularis, Melanotis caerulescens and Lepidocolaptes
leucogaster (Table 1). For the subsequent analyses, the species that were considered were .
beryllina, L. violiceps, C. latirostris, A. alexandrii, T. dupontii, L. clemenciae, E. fulgens, L.
ruficapilla, C. melanicterus, I cucullatus, I. wagleri, I. bullockii and I. pustulatus (Table 1; see

supporting information).

Relationship between species body mass and hierarchic dominance
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Among the species visiting the flowers of 4. cupreata, Cassiculus melanicterus exhibited the

largest body mass at 69.9 g, while Cynanthus auriceps was the species with the smallest average
body mass at 2.2 g (Table 1). DS values for species ranged from -10 to 20, with Icterus wagleri,
Cassiculus melanicterus, and I. pustulatus arising as the most dominant bird species. In contrast,
Archilochus alexandrii, Cynanthus latirostris, and Tilmatura dupontii presented lower values on
the dominance scale (see supporting information). A positive relationship between species body

mass and dominance rank was evident (total species, n= 13; R2=0.39, p =0.01; Fig. 3).

Patterns of bird activity and their relationship with contrasts in body mass

We observed a substantial overlap in the temporal activity of the majority of bird species
frequenting 4. cupreata flowers, with A values ranging from 0.50 to 0.88 (supporting
information). Nevertheless, discernible disparities in the peaks of elevated activity were
noticeable (see Fig. 4). Moreover, we found a significant negative relationship between bird
activity overlap and body mass contrasts, with species having greater differences in body mass
showing a less extensive overlap in activity (total species: n = 13; number of species pairs: n =

135; R2=0.21, p <0.001; Fig. 5; supporting information).

Discussion

Previous studies have explored the interplay between interspecific body size variation among
birds, competitive interactions, and community structure (Daily & Ehrlich, 1994; Omelas et al.,
2002; Leyequién ef al., 2007; Martin & Ghalambor, 2014). Our study amalgamated an extensive
dataset of video recordings and direct sightings to document the role that differences in body
mass (as a surrogate of body size) among species play in the interactions of a nectarivores bird

ensemble. Our research approach revealed a noteworthy prevalence of antagonistic interactions
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among bird species employing 4. cupreata flowers, highlighting the allure of this plant as a high-
quality resource for nectar-feeding birds, having the potential to function as a nectar oasis (sensu

Onmelas et al., 2002).

Behavioral dominance has been proposed as the primary mechanism by which ensembles
of nectarivorous birds are structured, (HSD; Daily & Ehrlich, 1994; Omelas ef al., 2002; French
& Smith, 2005; Martin & Ghalambor, 2014). However, few studies have focused on identifying
the species” traits associated with dominance hierarchies in nectarivorous birds (Shizuka &
Mecdonald, 2015). Our study contributes to filling this knowledge gap by providing empirical
evidence of the role played by body size contrasts to mediate the outcome of interactions between
nectarivores bird species in the field. The positive relationship between species dominance and
body size we observed provides additional empirical support to the HSD. Likewise, the negative
relationship between body size contrasts and the extent of temporal activity segregation indicates
that as the contrasts in bird size become greater the overlap in temporal activity gets lower. This
can be interpreted as a strategy to reduce aggressive interactions while visiting the flowers of this
agave. Therefore, our study indicates the existence of two hierarchical mechanisms used to
reduce competition among birds visiting the flowers of 4. cupreata: 1) Social dominance, where
large body mass species use the nectar resources at any time, with the smaller species flying away
at their arrival, and 2) temporal segregation among species with contrasting body masses that

could reduce the existence of violent interactions.

Our findings complement those from previous studies conducted with nectarivorous birds,
where interspecific hierarchy dominance was positively correlated with divergences in body mass

(Feinsinger et al., 1983; Daily & Ehrlich, 1994). It has been reported that among the members of
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different nectarivorous groups ensembles, including birds, species will avoid interacting with
larger individuals to reduce the probability of getting injured if a fight for the nectar resource
occurs (Lara et al., 2009; Lopez-Cortés & Bribiesca, 2013; Martin & Ghalambor, 2014; Arita &

Castillo-Guevara, 2018).

The overall pattern we observed in birds' activity supports the existence of a dominance
hierarchy linked to contrasts in body size (HSD). However, other mechanisms operating at a finer
temporal scale might be favoring species coexistence. For instance, despite significant activity
overlap among species within the Jeterus genus, there are some discernible differences in their
peak activity times (Fig. 3). Even minor dissimilarities in activity patterns among groups of
closely related species with similar morphological and ecological traits could aid in mitigating
antagonistic encounters, as suggested by the HMS (Acosta & Mugica, 1990; Nudds ef al., 1994;
Sanchez et al. 2000). This could be especially important with aggressive birds of similar body
masses, in which an encounter while foraging could result in a physical confrontation in which
one, or both, individuals could become injured (Lopez-Cortés & Bribiesca, 2013; Martin &
Ghalambor, 2014; Arita & Castillo-Guevara, 2018). When nectar resources are abundant, like in
a nectar-oasis scenario (sensu Ornelas et al., 2002), bird species with behavioral and
morphological similarities tend to segregate temporally to reduce negative interactions (Lara et

al., 2009; Arita & Castillo-Guevara, 2018; Schondube e al., 2019).

Mechanisms underlying the coexistence of species are not mutually exclusive and involve
proximate and ultimate factors (Cotgreave, 1994; Tibbetts et al., 2022). Therefore, studies
addressing the analysis of the mechanism favoring the coexistence of species using common

resources are greatly needed. This is especially important when considering anthropogenic

11

18



262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

Oikos

factors' effects in shaping biotic interactions (Dirzo et al., 2014). Sadly, several potential negative
human effects can modify the interactions among bird species in our study system. Among them,
we want to point out how wild and cultivated agave populations are handled to produce mezcal.
During these practices, and to maximize mezcal production, local people cut the agave's
reproductive spike when it starts to grow (Martinez-Palacios et al., 2015; com per Aireola-
Goémez, 2022). While this action prevents the plant from dying, allowing it to reach a larger size,
resulting in more raw materials to produce mezcal (Martinez-Palacios et al., 2015), it reduces the

number of plants with flowers, limiting the nectar resources available in the landscape.

Additionally, the heightened demand for seeds to produce new agave plants of 4.
cupreata, given the species' lack of vegetative propagation (Garcia-Mendoza, 2002), has caused a
surge in the robbery of spikes with mature seeds in our study region. The theft risk has prompted
people to reduce the number of flowering agaves further. Should these practices persist, the
scarcity of agave nectar resources will likely escalate, intensifying antagonistic interactions
among bird species. This is particularly important if we consider that local climate change
processes indicate an increase in temperature and a reduction of precipitation that will also reduce
other food resources for the nectar-eating bird ensemble. Monitoring bird interactions within our
study system can offer insights into the medium and long-term effects of agave management

practices on the structure of bird communities.
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382  Table 1. Bird species interacting with the flowers of Agave cupreata in the municipality of Madero
383  from the state of Michoacan in Western Mexico. The average mass (g) was taken from
384  https://birdsoftheworld.org/. The relative activity is the average number of visits per day per species

385 ineach type of sampling.

Taxonomic Species Mean mass Relative activity (visits/day)
auelly Hirmalesip) Recording |Direct observations

Calothorax lucifer 3342 4 0
Saucerottia beryllina * 44+04 26 36
Leucolia violiceps * 5.1+04 1 2
Cynanthus auriceps 212401 2 0
Cynanthus latirostris* 35+0.1 9 0
Basilinna leucotis 3.6+0.3 1 0

Trochilidae
Archilochus alexandri* 32+0.1 3 0
Selasphorus platycercus 32+0.1 1 0
Selasphorus rufus 28+138 1 1
Tilmatura dupontii’* 22+0.1 1 4
Lampornis clemenciae™ 84+02 4 0
Heliomaster constantii 7415 1 0
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Eugenes fulgens* 79+0.5 5 0
Parulidae Leiothlypis ruficapilla* 89 +1 13 2
Cassiculus melanicterus™ 96.3+0.1 0 4
I cucullatus* 240+£2.0 7 7
I wagleri * 413+52 27 22
Icteridae
Icterus bullockii* 36.0+22 2 0
I pustulatus* 43.1+£0.1 2 0
Icterus parisorum 36:3:2:1.9 4 0
Troglodytidae | Campylorhynchus gularis 29.6 +2 0 3
Mimidae Melanotis caerulescens 62.6+0.8 1 0
Furnariidae Lepidocolaptes leucogaster 350+5 1 0
386  *Species included in the statistical analyses.
387
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Figure 1. Location of the study area and focal agave plants in the municipality of Madero,
Michoacan, Western Mexico. The blue dots represent the focal plants used in the first sampling
period (2016-2017). The red dots represent the focal plants used in the second sampling period

(2021) through direct observations.
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404
405

Figure 2. Bird species most frequently recorded visiting the flowers of Agave cupreata in the
406  municipality of Madero, Michoacan, Western Mexico. A) Saucerottia beryllina, B) Icterus

407  cucullatus and C) Icterus wagleri.
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Figure 3. Relationship between body mass of the bird species visiting the flowers of Agave
cupreata and the hierarchic dominance (David’'s score). The gray area represents the 95%
confidence intervals. Aa: 4. alexandrii, Cm: C. melanicterus, Cla: C. latirostris, Ef: E. fulgens, Ib:
I bullockii, Ic: I cucullatus, Ipu: I pustulatus, Iw: I wagleri, Lc: L. clemenciae, Lt: L. ruficapilla,

Lv: L. violiceps, Sb: S. beryllina and Td: T. dupontii.
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422 Figure 4. Activity patterns for each pair of species that most frequently visited the inflorescences

423 of Agave cupreata. The gray area represents the overlap in the temporal activity of the species.
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Figure 5. Relationship between the contrast in body mass of pairs of bird species visiting the
flowers of Agave cupreata and their overlap in temporal activity (A). Each point represents a pair
of species (n species=13; n number of pairs of species=135). The gray area represents the 95%

confidence interval.
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Figure 1. Assembly of the filming device of the focal plants of Agave cupreata Modified from Arreola
(2018).

+

Mass

Mass

Figure 2. Coefficients of overlap (A1) in the temporal activity of pairs of bird species visiting the flowers of
Agave cupreata. The gray tones indicate the coefficient of overlap. The "X” indicates species pairs where
activity patterns were statistically different (p < 0.05). Aa: Archilochus alexandrii, Cm: Cassiculus
melanicterus, Cla: Cynanthus latirostris, Ef: Eugenes fulgens, |b: Icterus bullockii, |c: Icterus cucullatus, Ipu:
Icterus pustulatus, \w: Icterus wagleri, Lc: Lampornis clemenciae, Lr: Leiothlypis ruficapilla, Lv: Leucolia
violiceps, Sb: Saucerottia beryllina and Td: Tilmatura dupontii.
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Figures 4-23-. Activity patterns for each pair of species recorded through direct observations. The x-axis
represents time, the y-axis density and the A is the activity pattern overlap coefficient with their
confidence intervals (95%).
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Figures 24-89. Activity patterns for each pair of species recorded through video recordings. The x-axis
represents time, the y-axis density and the A is the activity pattern overlap coefficient with their

confidence intervals (95%).
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DISCUSION Y CONCLUSIONES
Los resultados de este estudio amplian el conocimiento sobre las interacciones antagonistas,
los patrones de actividad y conductuales de las aves asociados al uso de un recurso
alimenticio de gran importancia, en este caso el Agave cupreata en Michoacén. A su vez los
resultados de este estudio apoyan la idea de que la jerarquia de dominancia y en menor grado
la segregacion temporal, son mecanismos que pueden operar para permitir la coexistencia de

especies que explotan un recurso de importancia.
Relacion entre los rasgos morfoldgicos y la jerarquia de dominancia

Los resultados de la regresion de la masa corporal con la posicion en la jerarquia de
dominancia apoyan la prediccion de que las especies con mayor masa corporal son aquellas
que tienen una posicion mas dominante en la jerarquia. Este resultado coincide con lo
reportado por Daily y Ehrlich (1994), en un estudio realizado con aves frugivoras al sur de
Costa Rica. En este estudio los autores mencionados encontraron una jerarquia de
dominancia interespecifica, en donde el tamafio corporal tuvo una influencia positiva sobre

el estatus social, siendo las especies subordinadas aquellas con menores masas corporales.

Patrones de actividad diaria de la avifauna y la segregacion temporal

Los resultados del estudio apoyan la prediccion de que las especies similares tienden a
separar sus nichos ecoldgicos y conductuales en el tiempo de forma muy . Esta separacion
les permite coexistir en un ambiente donde existen recursos limitados, como lo es A.

cupreata.

También es posible observar que, en algunos casos como en S. beryllina viola y T.
dupontii, A. alexandrii y C. lucifer y C. lucifer con E. fulgens, existe un fuerte traslape en sus
patrones de actividad diaria, pero también presentan diferencias importantes en sus picos de
actividad, aunado a tener diferencias significativas con respecto a sus masas corporales. En
este sentido, podriamos asumir que el costo de la interferencia en el periodo de forrajero,
tanto para las especies de mayores dimensiones, como las de menores dimensiones es minimo
(Amarasekare, 2002).

Asi mismo, se ha sugerido que los colibries pueden mostrar una segregacion temporal

en la busqueda y consumo de recursos florales, en funcion de su tamafio, evitando encuentros
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fisicos agresivos. Con ello disminuyen el gasto energético debido al despliegue de conductas
agonisticas (Gonzélez y Osbahr, 2013; Pineda-Pérez et al., 2014; Mufioz-Pedreros et al.,
2019) y favorecen su coexistencia (Richards, 2002; Ornelas et al. 2002; Lara et al. 2009).
Esto ayudaria a explicar por qué se encontrd que las distintas especies de colibries con masas
corporales distantes tienen un bajo traslape de sus actividades de forrajeo. Este resultado se

encuentra acorde a nuestra hipétesis de la existencia de una jerarquia de dominancia social.

Nuestros resultados confirman la existencia de conductas antagonicas entre la
avifauna visitante de A. cupreata, con lo que concluimos que dichos repertorios conductuales
entre la avifauna favorecen su coexistencia en este sistema de estudio. Asimismo, la presencia
de una jerarquia de dominancia con base en la masa corporal y la segregacion del nicho
temporal en la busqueda y consumo de los recursos florales, pueden explicar parte de los
mecanismos de ensamblaje (e.g. la competencia entre especies) de la comunidad de aves

presentes en este sistema de estudio.

Sin embargo, debido a la limitacion para realizar mayor trabajo de campo por la
contingencia sanitaria presentada por el SARS-COVID19, nuestro estudio tiene algunas
limitaciones. Por ejemplo, la falta de una evaluacion méas detallada sobre los patrones de
actividad de la avifauna, con el fin de determinar cuales son los mecanismos que subyacen

los cambios.

Finalmente, nuestros resultados indican gque los individuos de A. cupreata en zonas
de cultivos representan un recurso importante para la avifauna lo que se refleja en la
existencia de conductas antagonicas y la segregacion temporal entre estas especies. Esto es
un resultado importante con el que se sustenta que se mantenga un nimero minimo de agaves
sin aprovechamiento para la elaboracién de mezcal en las zonas de cultivo, favoreciendo la
coexistencia de un importante nimero de especies de aves, dando pie a un mejor manejo de

los recursos naturales en la region.
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