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Abstract:  
 

The USGS-funded USA National Phenology Network (USA-NPN) is collaborating with the US Fish 
and Wildlife Service (USFWS) to track the phenology of five major forage species for the lesser 
long-nosed bat (Leptonycteris yerbabuenae). The objective of the lesser long-nosed bat forage 
monitoring program is to document whether forage resource availability is affected by 
environmental change to the extent that bat occupancy periods are out of sync with forage 
plant flowering phenology.     
 
In order to track the status of the forage species, we will use the USA-btbΩǎ bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ 
plant and animal phenology observation program to record the onset, peak, and duration of 
flowering of the nectar species essential to the lesser long-nosed bats in southeastern Arizona 
ŀƴŘ ƻǘƘŜǊ ǇŀǊǘǎ ƻŦ ǘƘŜ ōŀǘΩǎ ǊŀƴƎŜ. In 2017, we launched a data collection campaign called 
Flowers for Bats (fws.usanpn.org/Campaigns/flowersforbats) to engage partners and observers 
in documenting flowering of forage species.   
 
Data from this monitoring approach will help the USFWS determine future resiliency, 
redundancy, and representation of the lesser long-nosed bat population and will help us assess 
whether the threshold for resiliency, redundancy, or representation have been exceeded.   

  

https://fws.usanpn.org/Campaigns/flowersforbats
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Introduction: 
As part of the post-delisting process for the lesser long-nosed bat (Leptonycteris yerbabuenae) 
the U.S. Fish and Wildlife Service (USFWS) has created a draft post-delisting monitoring plan 
that proposes two primary components to monitor the status of the lesser long-nosed bat: 
continued roost occupancy and threats monitoring, and an assessment of forage availability 
through phenology and distribution monitoring of lesser long-nosed bat forage resources.  
 
The USA National Phenology Network (USA-NPN; Box 1) is partnering with the USFWS to 
implement the forage monitoring portion of the lesser long-nosed bat post-delisting monitoring 
plan. The data collected will help the USFWS track changes in the phenology of important lesser 
long-nosed bat forage species and evaluate the potential effects of climate change on forage 
species.   

 
The USA-btbΩǎ bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ program is a plant and animal phenology observation 
program appropriate for professional and citizen scientists. Phenology data entered through 
the bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ program are made freely available for download through the National 
phenology Database (NPDb). To ensure that the observational data in the NPDb are robust for 
use in scientific analyses and decision-making, the USA-NPN employs a range of quality 
assurance (QA) processes to improve species identification, phenophase status evaluation, and 
data entry. In turn, quality control (QC) processes evaluate and flag data according to standards 
of plausibility, validity, and reliability.  QA and QC processes and activities are described in 
Appendix 2 of the USA-NPN Observational Data Documentation (available at 
www.usanpn.org/data/quality). 
 

bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ Phenology Monitoring Program:  
In order to track the status of the forage species for the lesser long-nosed bat, we will use the 
bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ plant and animal phenology observation program (Rosemartin et al. 2014; 
Box 2) to record the onset, peak, and duration of flowering of the nectar species (Denny et al. 
2014) essential to the lesser long-nosed bats in southeastern Arizona. In 2017, we launched a 
data collection campaign called Flowers for Bats (fws.usanpn.org/Campaigns/flowersforbats) to 
engage partners and observers in using bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ to document flowering of forage 
species.   
 

Box 1. The USA National Phenology Network 
Established in 2007, the USA National Phenology Network (www.usanpn.org) is a national-
scale consortium of individuals and organizations that collects, stores, and shares 
phenological data, value-added data products, and information to advance science and to 
support natural resource decision-making across a variety of spatial and temporal scales. A 
diverse range of stakeholders contributes to and utilizes network knowledge, data, and 
tools, including researcher, resource managers, educators, and the public.  

https://fws.usanpn.org/Campaigns/flowersforbats
http://www.usanpn.org/
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bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ is a platform that can be used by individuals and groups alike. Group users 
are able to contribute data to the same locations, sharing the effort of observations among 
many.  
 
When a particular Refuge, Park, or other unit is ready to begin monitoring, the designated 
leader for that site should submit a request (www.usanpn.org/nn/groups/group-interest) to the 
USA-NPN for their group to be created. Creation of a bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ account will be 
required to access the form. The requestor will be notified when the group has been created.  
 
Each member of a group should register an individual bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ account, and join their 
respective group during registration. Individual accounts allow each data record collected to be 
tied back to an individual observer. For groups, a site leader is appointed as the group 
administrator, and is able to set up observation sites, and register plants at those sites. More 
than one administrator can be designated for a group. Other members can be set up as data 
entry technicians, to enter data on behalf of other users or edit existing data for the group.  
 
Data will be entered via either a combination of paper data sheets and data entry via web 
browser or directly through the bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ mobile application (which has offline 
capabilities). Once an administrator has set up observation sites and registered plants at those 
sites, a data sheet packet will be available for each site ƻƴ ŜŀŎƘ ƎǊƻǳǇ ƳŜƳōŜǊΩǎ bŀǘǳǊŜΩǎ 
Notebook Observation Deck within their online account. Data are stored in the National 
Phenology Database, and are freely available for download at 
www.usanpn.org/data/observational. 
 
USA-NPN staff will provide eNewsletters to participants as part of the Flowers for Bats bŀǘǳǊŜΩǎ 
Notebook campaign. Any staff member or observer can sign up to receive these messages at 

fws.usanpn.org/flowersforbats. The messages are sent on an 
approximately monthly basis and contain reminders to observe, resources 
for observing, preliminary results, and stories shared by participating 
observers. The USA-NPN has found that this method of communication 
promotes observer retention.  
 
A Flowers for Bats badge (Fig 1) is also available ƛƴ ŜŀŎƘ ƻōǎŜǊǾŜǊΩǎ 
Observation Deck as a motivator for observer participation.  Observers can 
earn the badge by submitting data on one of the forage species in six 
separate weeks within the same year.  

Fig 1. Flowers for Bats 
badge image 

Box 2. bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ 
bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ is a national phenology program used by professional and citizen 
scientists to record plant and animal life stages. Participants in bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ follow 
rigorous, standardized protocols to report on the phenological status of individual plants 
and of animal species at given locations and are encouraged to make regular observations 
over multiple years.  Data are stored in the online National Phenology Database (NPDb) and 
can be accessed publically and freely through several query and visualization tools. 

http://www.usanpn.org/data/observational
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Species:  
 
Desert agave (Agave deserti) 
https://mynpn.usanpn.org/npnapps/species/Agave/deserti 
 
tŀƭƳŜǊΩǎ ŀƎŀǾŜ όAgave palmeri) 
https://mynpn.usanpn.org/npnapps/species/Agave/palmeri 
 
tŀǊǊȅΩǎ ŀƎŀǾŜ όAgave parryi) 
https://mynpn.usanpn.org/npnapps/species/Agave/parryi 
 
Century plant (Agave americana)  
https://mynpn.usanpn.org/npnapps/species/Agave/americana 
 
Saguaro (Carnegiea gigantea)  
https://mynpn.usanpn.org/npnapps/species/Carnegiea/gigantea 
 
Organ pipe cactus (Stenocereus thurberi) 
https://mynpn.usanpn.org/npnapps/species/Stenocereus/thurberi 
 
Cardon (Pachycereus pringleI) 
https://mynpn.usanpn.org/npnapps/species/Pachycereus/pringlei 

 
Species Protocols:  
 
In the pilot year of the program, we tracked flowering phenology of panicular agave and 
saguaro cacti (Carnegiea gigantean) found throughout the Arizona portion of the range of the 
lesser long-nosed bats. Beginning in 2019, the addition of cardon (Pachycereus pringlei) and 
organ pipe (Stenocereus thurberi) cactus for monitoring in bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ will allow the 
program to expand to other portions of the range including Baja Mexico.  
 
bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ uses status monitoring, wherein the same individual plants or patches of 
plants are observed repeatedly over time. This method provides a comparison of the same 
plants or populations of plants across years, and helps to determine which climate drivers and 
other environmental variables influence the phenology of these species.  
 
For each individual plant or patch of plants, observers will document two types of data:  

1. Status: A άyesέ or άnoέ response to flower buds and open flowers on any plant in the 
patch.  

2. Intensity: The number of flower stalks and percent of open flowers for the individual 
plant or for all plants in the patch.  
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The bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪ protocol that is used for both agave and columnar cactus is shown in Fig 
2 ōŜƭƻǿΦ hōǎŜǊǾŜǊǎ ŀǊŜ ŀǎƪŜŘ ǿƘŜǘƘŜǊ ǘƘŜȅ ǎŜŜ άŦƭƻǿŜǊǎ ƻǊ ŦƭƻǿŜǊ ōǳŘǎέ ƻǊ άƻǇŜƴ ŦƭƻǿŜǊǎέΣ ŀƴŘ 
the degree to which they see these phenophases, or life cycle events.  
 
Note that flowers or flower buds is an overarching phenophase; when flowers open to expose 
ǘƘŜƛǊ ǊŜǇǊƻŘǳŎǘƛǾŜ ǇŀǊǘǎΣ ƻōǎŜǊǾŜǊǎ ǎƘƻǳƭŘ ǊŜǇƻǊǘ άȅŜǎέ ŦƻǊ ƻǇŜƴ ŦƭƻǿŜǊǎ ǿƘƛƭŜ ŀƭǎƻ ŎƻƴǘƛƴǳƛƴƎ 
ǘƻ ǊŜǇƻǊǘ άȅŜǎέ ŦƻǊ ŦƭƻǿŜǊǎ ƻǊ ŦƭƻǿŜǊ ōǳŘǎΦ  
 
Phenophase definitions are provided to help observers know how to answer the questions on 
the datasheet. The phenophase definitions are written in great detail to take the guesswork out 
of observations. The definitions are available in the datasheet packets and on the mobile app.  
 

 
Fig 2.  Nature's Notebook protocol for agave and columnar cacti flowering 
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Fig 3 shows the protocol for Agave palmeri as it appears on 
the datasheet and the app. Observers answer άyesέ or 
άnoέ and then enter the intensity of the phenophase 
question in the blank space. While using the paper 
datasheets, observers should refer to the phenophase 
definitions for the intensity categories (eg Less than 3, 3-
10, etc). While using the app, the intensity categories are 
available in a drop-down menu.   
 
Note that for agave, we are only interested in the 
flowering phenophases (though fruiting may also be 

recorded). For columnar cacti, we are interested in flowering and also encourage monitoring 
the fruiting phenophases, as bats are known to use the fruits of columnar cacti.  
 
The way that we monitor and record agave and columnar cacti flowering is different. Please 
note that while the ǉǳŜǎǘƛƻƴΣ άIƻǿ Ƴŀƴȅ ŦƭƻǿŜǊǎ ƻǊ ŦƭƻǿŜǊ ōǳŘǎ ŀǊŜ ǇǊŜǎŜƴǘέ ǊŜƳŀƛƴǎ ǘƘŜ ǎŀƳŜ 
for all species in bŀǘǳǊŜΩǎ bƻǘŜōƻƻƪΣ ŦƻǊ ŀƎŀǾŜ ǿŜ ŀǊŜ ǊŜŦŜǊǊƛƴƎ ǘƻ ǘƘŜ ǎǘŀƭƪ ŀǎ ŀ ǎƛƴƎƭŜ άŦƭƻǿŜǊέΦ 
This reflects the structure of the agave, which is an inflorescence, and allows observers to more 
easily count the number of flowering stalks in patches of agave.  For saguaro, we count each 
individual flower bud as an individual flower. 
 
Here are some examples to help you know what to report for the yes or no and intensity 
questions on the datasheets for agave and saguaro.  
 
Agave monitoring:  

 
 

Fig 3. Example datasheet for Agave palmeri 
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Saguaro monitoring:  

 
 
 
 

 

 
 
                                                   
 


