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INTRODUCTION

Background


More than 218,000 of the world’s 250,000 flowering plants rely on pollinators for reproduction, including 80% of the world’s food plants (Emblidge and Schuster 1999, Buchmann and Nabhan 1996).  For over a decade, biologists have been concerned about apparent declines in pollinators, especially those that migrate between regions.  While protection of plant/pollinator interactions is an emerging national priority, ecological conditions of migratory corridors have received far less attention.  

These migratory corridors, or “nectar corridors,” consist of a series of stepping stones, or patches of flowering plants, which provide nectar for refueling during migration along 2000-6000 km flyways.   These flyway habitats are threatened by destruction, degradation, and fragmentation due to land conversion, herbicides, pesticides, and exotic plant invasion.  Since the energetic needs of migratory pollinators are highest when they are migrating, any shortage of nectar en route can have devastating consequences.  It is crucial that we understand the movements of migratory pollinators and the stresses they face while in transit in order to implement effective conservation plans.


In 1995, the Arizona-Sonora Desert Museum (ASDM) launched the Forgotten Pollinators Campaign (FPC), which helped focus international interest on threatened interactions between plants and their pollinators.  In 1998, the FPC was restructured as a multi-institutional, binational Pollinator Conservation Consortium (PCC) which strengthened our collaborations with other nonprofit organizations and universities in the U.S. and Mexico.  ASDM’s Migratory Pollinators Program (MPP) was also launched at that time to emphasize collaborative scientific research and education along migratory pollinator corridors.  The program has been very successful in locating the migratory routes of four signature species of pollinators
 and in mapping floral resource abundance along these corridors.  We have also had great success involving local schools, businesses, private landowners, and other volunteers in data collection efforts and  educational outreach programs in both Arizona and Sonora (Mexico).  

The MPP has so far produced over 20 peer-reviewed papers and books, and many other publications, with many more in preparation.  We are currently preparing migratory corridor maps and beginning to target particular areas for conservation efforts.  In order to do this, we must examine more closely specific areas along the border region so that we can better understand temporal variability of migratory routes in relation to floral resources.  We have chosen hummingbirds for this proposed project because we have detailed data on their migratory corridors, including age and gender route variation.  However, we need to focus our investigation on the complex relationship between nectar productivity and locations of hummingbird stopover sites in order to predict movements on local scales. 

Hummingbirds

Hummingbirds serve as mobile links between plant populations in different landscapes, facilitating pollen and gene flow over considerable distances.  Also, many non-migratory pollinators visit these same flowers and benefit secondarily from genetic mixing stimulated by the migrants.  Thus, hummingbirds are “umbrella species,” linking the fate of many other species scattered over large landscapes.  Many species of hummingbirds migrate along corridors of western North America including rufous hummingbirds (Selasphorus rufus), black-chinned hummingbirds (Archilochus alexandri), broad-tailed hummingbirds (Selasphorus platycercus), broad-billed hummingbirds (Cyanthus latirostris), Calliope hummingbirds (Stellula calliope), and violet-crowned hummingbirds (Amazilia violiceps).  Anna’s hummingbirds (Calypte anna), and Costa’s hummingbirds (Calypte costae) also use habitats along these corridors. 

 During migration, hummingbirds are dependent on reliable patches of flowering resources along the corridors they travel in order to meet their energetic requirements and survive the trip.  The peak flowering of these plants is loosely correlated with the peak migration of hummingbirds (Waser 1979).  Thus, they are particularly vulnerable when traveling through arid lands of relatively low nectar productivity.  A knowledge of nectar variability at stopover sites will give us insight into the temporal variation in migratory routes chosen by hummingbirds and their ability to adapt to climatic and anthropogenic stresses.

Floral (Nectar) Resources

During fieldwork conducted for the MPP, we have observed that hummingbirds  aggregate around flowering plants in some areas, but not in others. Hummingbirds are not considered social (Baltosser and Russell 2000, Calder 1993, Powers and Wethington 1999).  Thus, an aggregated distribution of hummingbirds would be expected only if some environmental factor or resource attracted them to a specific area.  Hummingbirds modify their territory size based upon the density of flowers and may do so on a daily basis (Gass and Montgomerie 1981, Hixon et al. 1983). 

Floral resources vary widely among years and nectar volume varies among flowers within a plant and between plants (Zimmerman 1988, Wethington submitted).  Since nectar availability varies on many levels and hummingbirds are dependent upon nectar for survival, we suggest that nectar availability will likely explain our observations of hummingbird aggregations in nature.  Ocotillos (Fouqueria splendens) are among the most commonly visited plants by hummingbirds along their southwestern migratory corridor (Van Devender et al. in press).  We propose to examine the influence of nectar productivity and availability on hummingbird visitation patterns in patches of ocotillos.  Data from this pilot project will begin to help us predict where hummingbirds will stopover during migration and when and for how long.

Education

The mission of the Arizona-Sonora Desert Museum is to inspire people to live in harmony with the natural world by fostering understanding, love, and appreciation of the Sonoran Desert.  It is our tradition to include education and public outreach in our research projects.  We have been very successful in involving the general public in conservation and science through participatory research and educational workshops.  Thus, as part of this proposed project, we will extend our current MPP educational outreach program to southern Arizona and the border region.  This program, which provides educational materials, presentations, and hummingbird feeders to schools, helps to develop local public acceptance of conservation plans.  This participatory approach allows the public on a local scale to take control of their own resources through understanding, information gathering, and subsequent management activities.

OBJECTIVES
1.         Establish protocols for and collect preliminary data on nectar production, nectar      

     
availability, and distributions of hummingbirds in areas with flowering ocotillos 

along an identified hummingbird migratory corridor in the Arizona-Mexico 

border region.

2.         Increase understanding and awareness of the environment in general and 

recognition and appreciation of pollinators and migratory species in particular, 

among the people who live along migration corridors by:

A.      
Conducting outreach workshops in local schools in the 

           
Arizona-Mexico border region, consisting of lectures, slide 

presentations, videos, and “hands-on” educational demonstrations.

B.   
Involving teachers and children at these schools in the collection of 

scientific data.

METHODS

Hummingbird Aggregations and Nectar Productivity

Study Sites: Two study sites will be established.  One will be located west of the Santa Rita Mountains in south-central Arizona on Coronado National Forest and the other in Organ Pipe Cactus National Monument in southwestern Arizona on the Arizona-Sonora border.  We will locate ocotillo patches where hummingbirds frequently visit flowers and patches where hummingbirds are missing.  Sites will have similar habitat physiognomy.  We will then characterize daily nectar production, quantify the availability of nectar, and census hummingbird visitation rates at each site.  

Daily Nectar Production Study: While ocotillos are blooming, we will randomly pick 32 plants throughout our census area and will cover at least four flowers on each plant with fine mesh bags.  These bags prevent hummingbirds and other flower visitors from removing nectar.  Flowers will be bagged in the evening.  On the next day, we will measure nectar in bagged and unbagged flowers on each plant four times throughout the day.  Nectar volume will be measured using microcapillary tubes and the nectar concentration will be measured using a handheld refractometer.  Measuring nectar in a flower destroys the flower so each measurement is taken on a different flower.

Nectar Availability and Distribution of Hummingbirds: We will randomly select four ocotillo plots at each study site.  We will use point counts to determine the relative abundance of hummingbirds in these plots (Sutherland 1996).  Within each plot, we will measure nectar volume from bagged and unbagged flowers, an estimate of the amount of nectar available to pollinators.  This measurement is commonly called the standing crop of nectar.


Hummingbird visitation distribution and nectar standing crop will be measured twice at each of the four plots in the spring of 2003: once in the morning and once in the afternoon, spanning a two-day period.  Animals can be randomly distributed, regularly distributed, or aggregated (Begon et al. 1990).  Randomly distributed animals typically occur when the presence of one individual does not influence the presence of another.  We predict this distribution when hummingbirds are not being territorial and there is an abundance of nectar.  When hummingbirds are territorial, usually in response to limited nectar supplies, we predict them to be regularly distributed.  However, our observations during migration suggest that hummingbirds are aggregated.  Animals have an aggregated distribution when individuals are attracted to the same area or when the presence of an individual attracts others.  Because hummingbirds are not considered social, we predict to find more nectar available in the plots where they aggregate and less nectar in plots that have few hummingbirds.  We will determine if this correlation between nectar abundance and hummingbird distributions occurs.

Educational Outreach


Environmental education workshops will be carried out at five schools along the southern Arizona – Mexico border region in February of 2003.  Workshops will consist of lectures, slide presentations, videos, “hands-on” educational materials, and demonstrations.  Materials will cover hummingbird and pollination biology, plant ecology, and species identification and will be provided in both English and Spanish.  These materials were designed during and successfully used for another ASDM project titled “Migratory Pollinators: Flight Corridors and Environmental Education in Mexico” funded by the National Fish and Wildlife Foundation.  Teachers and students will be trained in the identification of hummingbird species.  Each school will receive hummingbird feeders and instructions on the care and use of these feeders.  

Special data forms will be provided to the schools to record the observations of  hummingbirds.  These data will be used by ASDM researchers to track hummingbird migrations.  Binoculars, field guides, sugar, etc. will also be provided to participating schools.  ASDM staff will coordinate and schedule educational and field activities with teachers and students.  Follow-up of training sessions will occur by phone, email, and/or additional visits to the schools.

OUTCOMES


Continued loss of migratory pollinators and their habitats poses serious threats to the integrity of wild biotic communities as well as to the productivity of agricultural lands.  Without action to protect the pollination process as one of nature’s essential services, declines in both crop yields and native plant populations will probably occur.  Through this project, we will gain greater knowledge of the migratory routes and distributions of hummingbirds, important migratory pollinators in western North America, as well as raise awareness of the environment and migratory corridor conservation in border region communities.  Expected outcomes are to:

1. Determine whether we can predict where hummingbirds will aggregate along migratory corridors based on measurements of nectar productivity, and subsequently target areas for habitat conservation.

2. Apply established methods of measuring nectar to migratory hummingbird corridor research.

3. Evaluate results of this pilot study in order to expand the project to other areas along migratory corridors and include other ocotillo species.

4. Increase our knowledge of migratory hummingbird corridors using hummingbird feeder data gathered at border region schools.

5. Raise awareness and provide basic understanding of migratory pollinators, their corridors, and conservation practices among teachers and school children along the Arizona-Mexico border region.

6. Encourage increased natural history, environmental, and conservation content in class curriculums.
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� Rufous hummingbirds (Selasphorus rufus), white-winged doves (Zenaida asiatica), lesser long-nosed bats (Leptonycteris curasoae), and monarch butterflies (Danaus plexippus).





