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The National Phenology Monitoring System: Plant

Phenology Monitoring 2009

Executive summary

The USA-National Phenology Network (USA-NPN) seeks to engage volunteer observers to collect
phenological observations of plants and animals using consistent standards and to contribute their
observations to a national data repository. To guide the effort, the USA-NPN National Coordinating
Office (NCO) has developed phenology monitoring protocols, articulated in the National Phenology
Monitoring System (NPMS), and an information management system, the National Phenology
Information Management System (NPIMS), that houses a data repository, the National Phenology
Database (NPD). In March 2009, the NCO implemented an online monitoring program for plants, using
the NPMS v0.1. As well as providing standards for selecting and setting up a sampling site, the online
USA-NPN site provided protocols for observation of the phenophase status of 213 plants. A species
profile page, prepared for each species, presented some basic information and the phenophase
definitions appropriate for that species. In addition, the website presented tools for observers to report
their site observations. In 2009, a total of 2,154 observers registered online and 547, 25.4% of those
registered, reported observations on 133 plant species.

What is phenology?

Phenology refers to recurring plant and animal life cycle stages, such as leafing and

flowering, maturation of agricultural plants, emergence of insects, and migration of birds.

It is also the study of these recurring plant and animal life cycle stages, especially

their timing and relationships with weather and climate. Non-biological systems also exhibit annual or
periodic stages coupled with changes in environmental conditions (e.g. ice-out of lakes and rivers);
although sometimes scientific literature refer to these phenomena as phenology, we reserve the term

phenology for biological events, and the term seasonality for non-biological events.



The Intergovernmental Panel on Climate Change report (Rosenzweig et al. 2007) notes that plants and
animals respond to changes beyond their tolerances by shifting the timing of life-cycle events, shifting
range boundaries, changing morphology, or becoming extirpated or extinct. The report states that
‘phenology ...... is perhaps the simplest process in which to track changes in the ecology of species in
response to climate change.” Understanding the phenology of a species includes understanding the
influence of seasonal and interannual variation in climate on the life-cycle events and activities of the

species.

People have observed and responded to phenological events long before written history as part of their
day-to-day activities, yet in the contemporary era people are often unaware of or overlook the
importance of phenology in their everyday lives. Current understanding of phenology is important for
society to identify how species are responding to climate change and to plan for how these changes
might affect activities such as resource management, public health planning, agriculture and range

management, and recreational/tourism marketing.

The USA-National Phenology Network

In response to the growing need to understand the response of plant and animal species to climate
change and to develop a widespread baseline against which future phenological change may be
measured, a consortium of scientists and agencies organized the USA-NPN. The Network was based
upon the historical lilac network maintained by Dr. Mark Schwartz in the University of Wisconsin-
Milwaukee’s Indicator Observation Program (see ‘History of Lilac and Honeysuckle Phenological
Observations in the USA’, http://www.usanpn.org/?q=node/36). Implementation meetings held in 2005
and 2006 resulted in establishment of the USA-NPN NCO and the hiring of its first Executive Director,
Dr. Jake Weltzin in 2007. The NCO is located in Tucson, Arizona at the University of Arizona as
established by a cooperative agreement between the University and the U.S. Geological Survey (USGS).
Funding from the USGS, The Wildlife Society, and the University of Arizona supported NCO staff in
2008 and 20009.

The mission and vision of the USA-NPN describe its activities and purpose:


http://www.usanpn.org/?q=node/36

» Mission statement: The USA-NPN serves science and society by promoting broad understanding
of plant and animal phenology and its relationship with environmental change. The Network is a
consortium of individuals and organizations that collect, share, and use phenology data, models,
and related information

* Vision statement: The USA-NPN encourages people of all ages and backgrounds to observe and
record phenologies as tools to discover and explore the nature and pace of our dynamic world.
The Network makes phenology data, models, and related information freely available to
empower scientists, resource managers and the public in decision-making and adaptation in

response to variable and changing climates and environments (Figure 1).

Figure 1.  The USA-NPN consists of many partners, including citizen scientists, resource managers, educators,
and scientists from organizations including public agencies, Native American tribes, non-governmental
organizations, specialized networks, and academic institutions. The USA-NPN National Coordinating Office
(NCO) is a coordination and resource center working to advance the mission of the USA-NPN. The NCO, the

Board of Directors, and partnering organizations and individuals together comprise the USA-NPN.
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The USA-NPN NCO facilitates the activities of the Network through provision of products and services.
In 2009, the NCO developed a strategic plan for its activities from 2010-2015. Within the strategic plan,

the NCO identifies its functions as:

1. Designing and maintaining the National Phenology Information Management System (NPIMS)

and its component National Phenology Database

2. Developing and promoting the National Phenology Monitoring System (NPMS)

w

Facilitating collaborative partnerships within the USA-NPN

&

Providing outreach and education on phenology monitoring
5. Supporting phenology research

6. Promoting application of phenology science and information toward decision support

The NPIMS, NPMS, and facilitation of collaborative partnerships support the development and
application of phenological data and information toward the outreach, education, research, and decision

support goals of the Network.

Plant Phenology Monitoring: 2009

An essential activity of USA-NPN is the acquisition, archiving, and management of contemporary and
historical phenology data. The NCO promotes the NPMS, which, when implemented across the nation,
will facilitate the widespread collection of integrated, standardized, high-quality observations of plants,
animals, and related biophysical factors. Data collected using this system or integrated within this

system provide a valuable resource for research, decision support, and educational purposes.

The NCO has developed the framework for the USA National Phenology Monitoring System with the

following principles in mind:

1. Utilize the phenophase as a standard unit of observation and maintain uniformity and simplicity

within phenophase definitions to facilitate comparisons across taxa.

2. Promote the collection of high-quality observation data that is broadly useful for a variety of
purposes by capturing uncertainty in reporting and by including mechanisms to evaluate

observer skill and to infer the quality of their data.



3. Use standardized definitions and crosswalks to maximize the integration of contemporary

phenology observations with legacy phenology data collected with common historical methods.

4. Incorporate flexibility to accommodate different levels of observer skill and commitment,
different degrees of site accessibility, and different data collection technologies in order to

maximize spatial and temporal coverage of observation data.

The USA-NPN Species Protocol Working Group (SPWG) conducted initial work toward developing a
National Phenology Monitoring System. The SPWG originated in the 2005 implementation meeting and
convened in 2006, 2007, and 2008 to develop criteria for recommended plant species and
recommendations for phenology monitoring. Appendix A lists participants in the SPWG. The NCO

incorporated recommendations of the SPWG into the NPMS framework.

Phenology monitoring approaches

The NCO has identified two major approaches to monitoring and recording the phenology of individual
plants: phenophase status and phenological event. Field observations of individual plants using the two

approaches yield different types and amounts of phenology data.

Phenophase status monitoring: The phenophase status approach provides a framework for observing
and recording the status of the phenology of a plant throughout the year. Each organism has a suite of
potential phenophases that can be observed at each sample date. The observer indicates ‘yes’ if the
phenophase is occurring or ‘no’ if it is not (Figure 2). Alternatively, the observer may not look for a

particular phenophase on a given date, and can indicate this in their reported observations.

Phenophase status monitoring is the NCO recommended monitoring approach. It is data rich; the
approach provides information on both the absence of a phenophase and the sampling intensity for that
organism. The status approach allows strong information linkage between plant and animal phenology;
it provides information on the duration of a phenophase; and, it readily links with other information
such as weather data.



Figure 2.  An example of how an observer reports observation data for a hypothetical individual deciduous tree
using the phenophase status approach. For every visit the observer notes a ‘yes’, ‘no’, or ‘did not check’ for all
phenophases defined for the tree. The online species profiles lists the phenophase definitions for each ‘Do you
see...” question. The colored bars indicate the duration of a phenophase for this tree. Phenophase status
monitoring is able to capture duration and repeated occurrence of a phenophase such as for the ‘Emerging
leaves’ and ‘Open flowers’ phenophases for this tree. If the phenological event monitoring approach was
applied to this tree, only the first ‘Yes’ for each phenophase would be recorded and then observations for that

phenophase would be discontinued.

KEY: N=No Y=Yes ?=Did notcheck

Do you see... 2-Apr 5-Apr 8-Apr 11-Apr  14-Apr  19-Apr  20-Apr  23-Apr  26-Apr  1-May 3-May 5-May 8-May

Emerging leaves? N Y Y N Y Y N N ? N N N N

Unfolded leaves? N N - N N — ? _ N
" 275% of full leaf size? N N N N N N ? N
©  >50% of leaves colored? N N N N N N N N ? N Y Y N
:—i All leaves colored? N N N N N N N N ? N N Y N
8 250% of leaves fallen? N N N N N N N N ? N N Y N
5 All leaves fallen? N N N N N N N N ? N N N Y

Open flowers? N N N N Y N N N Y Y Y N N

Full flowering? N N N N N N N N Y N N N N

Ripe fruit? N N N N N N Y Y Y ? Y Y N

In 2009, the phenophase status monitoring protocols consisted of phenophase definitions (Table 1)
assigned to physiognomic groups of plants (Appendix B). The NCO made the phenophase status
approach available online on 2 March 2009 as an implementation of the NPMS (v0.1). (A pilot version
of the NPMS was available for limited beta testing in 2008). Observers use a personalized online
account (MyNPN) to access a data registry interface that allows direct incorporation of observation
reports into the National Phenology Database.

Phenological event monitoring: The phenological event approach to plant monitoring is a traditional
method, and is often described using the European based Bilogische Bundesanstalt Bundessortenamt
and Chemical Industry (BBCH) coding (Meier 2001). With this approach, the observer watches for a
defined phenological event that occurs during the life cycle of the plant. The observation of life cycle
event using the phenological event approach results in one data record compared to the multiple data

records for the same event observed with the phenophase status monitoring approach (Figure 3).



Table 1. General phenophases of the NPMS plant phenology protocols in 2009*

Deciduous trees and shrubs (with flowers)
Deciduous trees and shrubs (with catkins)
Broadleaf evergreen trees and shrubs
Cloned (lilac and honeysuckle)

Conifers
Cacti

Phenophases

X |Herbs
X |Grasses

emerging growth
emerging needles

X

young unfolded needles

emerging leaves X X X X

young unfolded leaves X

unfolded leaves X X X X
>275% of full X
all leaves emerged X
>250% of | eav

X

X
all leaves colored X
>50% of | eav X
all leaves fallen X

XXX IX

all leaves withered X X

flower buds X
open flowers X X X X X X
full flowering X X X

end of flowering X

pollen release X X

full pollen release X X

ripe seed cones X
ripe fruits X X X X X
ripe seeds X

* Modifications to the general phenophases were made for some species; see Appendix B.



Figure 3.  The observation of a phenophase using the phenological event approach (Event Observations) results
in an observation record at a single time compared to the multiple observation times for the same phenophase

observed using the phenophase status monitoring approach (Status Observations).

Leaf out Flowering Fruiting

Event
Observations

Status
Observations

Day of year

A phenological event is usually defined as the first day the defined event occurs, such as the first day of
flowering, and the observer reports the date of his or her first observation of the event. If the observer
has been infrequent in his or her observations, then the actual first day of the event may be earlier than

the report given by the observer of the event.

Data collected using the event approach can be shared within the NPIMS through a separate data
registry tool for historical and contemporary data. Phenological event observations relate to
phenological status observations and the NCO has developed a crosswalk (a relational mapping) relating
the 2009 status phenophases with corresponding phenological events and their BBCH codes (Appendix
B). Timing of defined phenological events can also be determined using the phenophase status
monitoring approach. In this case, the event date is the first positive report for a phenophase following
reports of absence of the phenophase in the days preceding its occurrence. This approach provides more
certainty of the actual date of the defined event than with phenological event approach because the

observer reports status of phenophase observations prior to the report of the event occurring.



Recommended species

The NCO provided a list of 213 plant species recommended for phenology monitoring in 2009

(Appendix C). The list in 2009 consisted of 20 “calibration” species (described below), 2 species within

the Cloned Plant Project, 175 regionally important species, and 16 special project species.

The SPWG developed the initial rationale for recommended species and an initial list of recommended

species in 2008. Representatives of NEON, the National Park Service, and biological field stations

vetted the rationale and list. The SPWG made some modifications to the initial list after scientist and

agency reviewers responded with criticisms and suggestions. Documentation of their work in 2008 is

described in ‘Development, Rationale, and Vetting of the USA-NPN Plant Species List, 2008’

(http://lwww.usanpn.org/files/shared/files/PlantSpeciesList_Criterion-2008.pdf).

The factors considered for initial plant selection, as articulated by the SPWG, included the following:

Is widespread

Is associated with dominant plant cover type

Has an important biological influence on other species

Is readily detectable and has observable phenophases

Is accessible for schools and in urban areas

Has pollinator or wind-borne seed dispersal

Increases diversity of plant functional types

Increases diversity of temporal responses in phenophases

Is associated with overstory and understory plants

Is synchronized with pollinators

Has responses to changes in fall as well as spring

Has existing related long-term datasets, including herbarium collections
Has influence on applied areas of interest such as recreation and tourism (fall foliage), medicine

(allergens), agriculture, and natural resources management

The SPWG identified six areas in which phenology information provides societal benefits (see Towards

a National Phenology Network (October 2006 http://usanpn.org/files/shared/towards_a_usa-

npn_0.pdf): 1) scientific research, 2) agriculture, 3) tourism and recreation, 4) human health, 5) natural



resources, and 6) education. The working group agreed that recommended plant species should also
contribute toward information in one or more of these areas, in addition to meeting one or more of the

factors listed above.

The initial recommendations of the SPWG included 183 plant species. Subsequently the NCO identified
the need to broaden the geographic scope of the recommended plant species and the need to add species
to accommodate USA-NPN partners who had a focus on the phenology of particular species. In
response, 30 plant species were added in 2009 to the initial list.

The recommended species list in 2009 consisted of 23 species that were gymnosperms and 190
angiosperm species. Gymnosperms consisted of two families, with the Pinaceae representing the most
species (21). Angiosperms consisted of 165 dicot species and 25 monocot species. Dicots were
reprented by 59 families with the most species within Rosaceae (19 species), Fabaceae (18 species), and
Asteraceae (17 species). Monocots were represented by 2 families with the most species within Poaceae

(15 species.

Calibration species

Calibration species were selected so that observations of their phenology will provide adequate data to
facilitate the integration of phenology and climate measurements nationally. The relationship
determined between phenology and climate for each calibration species can be compared with other
species that do not have overlapping distributions within the range of the calibration species. For these
reasons, the NCO encourages USA-NPN observers to include at least one calibration species in their

monitoring projects.

Together the distributions of the 20 calibration species provide coverage across the entire country with
substantial distributional overlap among species (Appendix D). These native and introduced plants have
broad distributions and are ecologically or economically important. The number of calibration species

per state ranges from 6 to 18; most states havel2 or more calibration species (Figure 4).
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Cloned Plant Project species

The USA-NPN supports monitoring of cloned plants through the Cloned Plant Project. Cloned plants—
I.e., genetically identical plants—respond to climate without the effects of genetic variation among
different individuals. An important goal of the USA-NPN is to measure phenology as an indicator of
biological responses to climate variation nationally. The value of monitoring genetically identical plants
is that we assume differences in their responses to be due to the varying conditions under which they are
growing, rather than to genetic variation. The clonally propagated plants have a consistent genotype that

facilitates precise measurements of biological responses to climate variation.

Figure 4.  The 20 calibration species provide overlapping coverage of all areas of the United States. Each of the

continental states has 10 to 18 of the calibration species; Alaska has 7 and Hawaii 6.

e =X R E= R ) ey

The Cloned Plant Project was comprised of three species in 2009: Syringa x chinensis ‘Red

Rothomagensis’ (cloned Chinese lilac), Lonicera tatarica (tartarian honeysuckle), and Syringa vulgaris

11



(the common lilac). Although the common lilac is not a cloned species, it was included as part of the
project because its response to climate is quite uniform. The NCO works with the manager of the
project, Dr. Mark Schwartz, to make cloned lilacs available each year as funding permits. In addition,
the cloned Chinese Lilac is available for independent purchase through Jung’s Seed Company (see
http://usanpn.org/?g=lilac-details).

A historical predecessor of the Cloned Plant Project (the USDA Northeast and North Central Regional
Phenology Projects) distributed the tartarian honeysuckle under the name ‘Arnold Red honeysuckle’.
This species is an invasive plant in much of the United States and phenological networks in the country
have not distributed it since 1987. The USA-NPN does not promote further planting or distribution of
the species but does accept observations on plants established prior to 1987 as part of the Indicator

Observation Program.

The Cloned Plant Project does not yet have national coverage because the range of the cloned Chinese
lilac is limited by climate—it is believed to require at least 1375 chilling hours at temperatures below
7.200C (4500F) (M. Schwartz, pers. comm.). The USA-NPN would like to add additional cloned species
suitable for the arid southwest, the maritime west coast and the sub-tropic and temperate south and
southeast to ensure nationwide representation by cloned plants. A cloned variety of Cornus florida is

proposed for the southeast.

Regional species

Regional plant species are native or introduced plants that have a more localized distribution than
calibration species, or that are particularly important in certain locales or regions of the nation in terms
of ecological processes, biological diversity, conservation, economics, or human culture. The initial list
of regional plant species, as identified by the SPWG, was determined using the factors for
recommended species, as listed above. The NCO added additional plant species as recommended by
regional phenology networks and established phenology monitoring networks that wished to collaborate
with the USA-NPN, resulting in 175 regional plant species in 2009.

12
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The regional species list is an area of potential growth for the recommended species list. The target
number of recommended species is still undetermined. The NCO wishes to obtain sufficient
observations to detect widespread phenology patterns by encouraging observations of recommended

species.

Special project species

In 2009, the NCO received requests from organizations and research projects to add 16 plant species
that did not necessarily fulfill the criteria for a regional species but were important for a research or
special focus study by USA-NPN members. The NCO added plant species known to be nectar sources
for the bee species and monarch butterflies reported by participants in the Great Sunflower Project and
Monarch Watch. Participants in these organizations monitor an abbreviated set of phenophases for each
plant, as noted on each online species profile page for these plants. Other organizations also requested

species and genera that are known nectar sources.

On-line implementation

Beginning in 2009, USA-NPN observers were able to register themselves online through the USA-NPN
main portal (http://usanpn.org) and monitor plant phenology using the phenophase status monitoring
approach. There are four steps to get started; although their web presentation has been subsequently
modified, the steps remain the same. In 2009, the user was directed from the home page by a blue
rectangle button labeled ‘Observe!’ to the four steps (‘Become an observer’, Appendix E). Each step
was numbered: 1) Learn about the plants to monitor, 2) Get the details on monitoring, 3) Sign up to be
an observer, and 4) Log in to MyNPN. Steps 1 or 2 could be done in either order, but step 4 had to

follow step 3.

Step one‘Learn about the plants to monitor’, took the observer to a page listing all 213 recommended
species and provided a number of search filters, including the ability to search by common name or
scientific name (‘Search plants to monitor’, Appendix F). An online species profile described each of
the recommended species with basic information about the plant and the protocols for monitoring the

plant (for example ‘Corylus americana’, Appendix G).

13



Step two, Get the details on monitoring’, directed the user to the ‘How to Monitor’ page. This page

provided the user directions on site and sampling design (Appendix H).

Step three; Sign up to be an observer’, took the observer to a page that gathered the information needed
to register the observer. Once registered, the user was assigned a personal online account for reporting

their observations.

Step four: After the observer registered, they proceeded to their online account through the, ‘Log in to
MyNPN’ link. MyNPN consisted of a series of data registration pages used to document the observer’s
study site and to record all observations. My NPN Home page (Appendix I) displayed the sites and
plants registered for a particular user and the documentation the observer provided for the site. The
observer added or edited site geographic and environmental information to MyNPN Home using the
Register a Site page (Appendix J). The observer added or edited their selected plants using the Add or
Edit Plants page (Appendix K). Each individual plant was registered by site and observers could to
provide additional information on the growth environment of the plants. We asked the observer to enter
their observations for each plant for every visit using the online Observation Data Entry Form
(Appendix L). For every phenophase defined for that plant, the observer indicated whether the

phenophase was occurring, was not occurring, or they did not check for each visit.

In addition to the four steps to becoming a plant phenology observer, a ‘Frequently Asked Questions’
section provided more detailed explanation to the on-line observer (Appendix M). Finally Appendix N

provides examples of the field datasheets provided to each participant.

Information management

The NPMS relates to the National Phenology Information Management System through a
standardization schema and procedures that provide for the addition of observation data to the central
data repository, the National Phenology Database. The NCO plans to develop the National Phenology
Database such that it can preserve and make accessible phenology observations collected using the
phenophase status approach, the phenological event approach, and other approaches historically or

currently used for phenology monitoring, including the BBCH scale.
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The schema for standardization consists of:
1. Standard definitions for phenophases
Standard definitions for phenological events

Assignment of appropriate phenophases for each recommended species

A w0

Definition of the relationship of each phenophase to one or more phenological events

5. Definition of the relationship of each phenological event to the BBCH scale

This standardization schema provides a mechanism for incorporation of most phenology observations
into the National Phenology Database. In 2009, the NCO developed initial versions of the first three

parts of this schema, as described in Appendix B.

The online data registry tool, MyNPN, is the mechanism for collection of phenology observations.
Reported observations are incorporated from the MyNPN registry into the National Phenology
Database, with a number of input validation procedures filtering out common site description and data

reporting errors.

The National Phenology Database is built on MySQL, a popular relational database framework. The
basic data model is groups of tables describing the relationship between a user, site, species,
phenophase, and observation record. Each observation record has a specific date descriptor. In 2009,
the National Phenology Database consisted of 55 normalized tables. Referential integrity constraints on
the tables provide another quality control protecting against erroneous data registration. The National

Phenology Database is stored on a secured server with nightly backups.

Results for 2009

In 2009, a total of 2,154 observers registered online and 546 (25.3%), reported observations on 133
plant species. The plant species with the most observers were Syringa vulgaris, Taraxacum officinale,
Forsythia spp., Syringa chinensis, and Acer rubrum. All but one of the 20 calibration species were
reported by at least one observer. Observers were widespread with at least 49 of the states have
reporting observers. Observations reported after March 2nd, when the USA-NPN web site went online,
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used the NPMS v0.1 protocols. Observations between January and March 2 of that year used the 2008

beta protocols. Each observation is coded with its respective protocol definition in the NPD.

The NCO conducted a user survey of over 2000 registrants in November 2009. Responses were
obtained from 178 registrants, representing both observers and non-observers in 2009. Of both groups
over 70% indicated that they joined because they wanted to contribute to a valuable national effort. The
majority of observers were over 56 years in age. Most observers planned on participating in the
upcoming year (95%). The survey did identify a number of reasons for non-participation in making
observations including the registrant making observations but not submitting them online or getting lost
in the online registration process or that the plant they wanted to monitor was not on the USA-NPN

available list. Results of the user survey will help guide the further development of the program.

Phenology Monitoring: 2010 and beyond

The NCO of the USA-NPN anticipates a number of updates to phenology monitoring in 2010.
Prominent among these will be the availability of online monitoring standards and protocols for
animals, initially for 58 species.

» Addition of recommended plant species and supporting species profiles; new species may
include plants that are representative dominants in ecological systems, species that are important
nectar resources, species appropriate for phenology gardens in various ecoregions, and state
flowers

» National review of recommended species criteria and refinement of the recommended species
list

» Refinement of the NPMS plant phenology monitoring protocols and development of NPMS
animal monitoring phenology protocols

» Additional development of the online web presentation (http:usanpn.org site)

» Development of visualizations run by web services for the National Phenology Database and for
partner organization use using an online interface; visualizations can include maps, graphics, and
data summaries

» Development of online tools for database downloads
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Glossary

Phenological event A precisely defined point in the annual life cycle of a plant or animal, generally
marking the start or end of a phenophase. The occurrence of a phenological event can be pinpointed to a
single date and time (in theory, if not in practice). Examples include the opening of the first flower on a

plant, the end of leaf fall on a tree, or the first appearance of a particular songbird species in spring.

Phenophase  An observable stage or phase in the annual life cycle of a plant or animal that can be
defined by a start and end point. Phenophases generally have duration of a few days or weeks. Examples
include the period over which newly emerging leaves are visible, or the period over which open flowers

are present on a plant.
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Appendix A Species Protocol Working Group Members 2006-2008

2006:
Craig Anderson (Wisconsin Natural Heritage)
Julio Betancourt (U.S. Geological Survey)
David Breshears (University of Arizona)
Kathy Goodin (NatureServe)
Bruce Jones (U.S. Geological Survey)
Michael Loik University of California, Santa Cruz,
Gretchen Meyer (University of Wisconsin-Madison)
Art McKee (Flathead Lake Biological Station, University of Montana)
Bob Szaro (U.S. Geological Survey)
2007:
Stephen Baenziger (University of Nebraska)
Julio Betancourt(U.S. Geological Survey)
Dave Breshears (University of Arizona)
Kjell Bolmgren (University of California, Berkeley),
Ellen Denny (North-East Regional Phenology Network)
Pauline Drobney (U.S. Fish and Wildlife Service)
Abe Miller-Rushing (Rocky Mountain Biological Lab)
Carol Spurrier (Bureau of Land Management)
Robert Szaro (U.S. Geological Survey)
Jack Williams (University of Wisconsin-Madison)
2007:
Julio Betancourt (U.S. Geological Survey)
Ellen Denny (USA-NPN National Coordinating Office)
Mark Losleben (University of Arizona, USA-NPN National Coordinating Office),
Art McKee (Flathead Lake Biological Station, University of Montana)
Abe Miller-Rushing (The Wildlife Society, USA-NPN National Coordinating Office)
Mark Schwartz (University of Wisconsin-Madison)
Kathryn Thomas (U.S. Geological Survey, USA-NPN National Coordinating Office)
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2008:

Jake Weltzin (U.S. Geological Survey, USA-NPN National Coordinating Office)

Paul Alaback (University of Montana, Emeritus)

Lisa Benton (University of Arizona, USA-NPN National Coordinating Office)

Ellen Denny (USA-NPN National Coordinating Office)

Brian Haggerty (University of California, Santa Barbara)

Sandra Henderson (National Center for Atmospheric Research)

Abe Miller-Rushing (The Wildlife Society, USA-NPN National Coordinating Office)
Kathryn Thomas (U.S. Geological Survey, USA-NPN National Coordinating Office)
Jake Weltzin (U.S. Geological Survey, USA-NPN National Coordinating Office)
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Appendix B 2009 Status monitoring phenophases with corresponding

phenological events and BBCH codes

Modifications to the general definitions are listed below each table

B.1 Deciduous Trees and Shrubs (with flowers)

Phenophase

Phenophase Definition

Phenophase/
phenological
event
relationship

Phenological
Event

BBCH
code

Leaves

Emerging
leaves

In at least 3 locations on the plant,
an emerging leaf is visible. A leaf
is considered "emerging"” once the
green tip is visible at the end of the
leaf bud, but before it has fully
unfolded to expose the petiole
(leaf stalk) or leaf base.

Start

Leaf budburst

End

All leaves
unfolded

19

Unfolded
leaves

In at least 3 locations on the plant,
an unfolded leaf is visible. A leaf is
considered "unfolded" when the
petiole (leaf stalk) or leaf base is
visible. The leaf may need to be
bent backwards to see whether the
petiole or leaf base is visible.

Start

First leaf

11

275% of

leaf size

For the whole plant, the majority of
leaves are unfolded and have
elongated to at least three-
quarters (75%) of their mature
size. Leaf size may also be
estimated by viewing the canopy
as a whole. At 75% of full leaf
size, the canopy appears to be
approximately three-quarters
(75%) full.

Start

75% of full leaf
size

47

>50%
leaves
colored

(o

For the whole plant, at least half
(50%) of the leaves (including any
that have fallen to the ground)
have changed to their late-season
colors.

Start

50% of leaves
colored

92c
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For the whole plant, virtually all
(95-100%) of the leaves (including
All leaves any that have fallen to the ground) All leaves
X Start 92e
colored have changed to their late-season colored
colors, and there is virtually no

green left in the leaves.

>50 % g Forthe whole plant, at least half 50% of leaves

leaves fallen | (50%) of the leaves have fallen. Start fallen 95
All leaves For the whole plant, virtually all
fallen (95-100%) of the leaves have Start All leaves fallen 97
fallen.

In at least 3 locations on the plant,
an open fresh flower is visible.
Flowers are considered "open"
when the reproductive parts are Start First flowers 60
visible between unfolded or open
flower parts. Do not include spent
(wilted) flowers that remain on the

Open flowers | plant. End End of flowering 69
For the whole plant, at least half

Full flowering | (50%) of the flowers are open and Start Ful fII(OIEIN eror 65
still fresh. Peak flower

In at least 3 locations on the plant,
a ripe fruit is visible. (For a more
specific description of this

Ripe fruits phenophase, please check the Start First fruit ripe 89
plant species profile online.).
Species definitions for fruit
phenophases are still in progress.

Modification 1: For Forsythia spp. the phenophase protocols were modified such that
the “> 75% of full leave size” and “Ripe fruits” phenophases were excluded.
Modification 2: For Fouquieria splendens the phenophase protocols were modified
such that only “Unfolded leaves”, “Open flowers” and “Full flowering” are included.



B.2 Deciduous Trees and Shrubs (with catkins)

Phenophase

Phenophase Definition

Phenophase/
phenological
event
relationship

Phenological
Event

First pollen

BBCH
code

or blown.

In at least 3 locations on the plant, Start 60
Pollen pollen is released from an released
release inflorescence when gently shaken End of pollen
or bIOWn. End release 69
For the whole plant, at least half
Full pollen (50%) of the inflorescences Start Full pollen or 65
release release pollen when gently shaken Peak pollen
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B.3 Broadleaf Evergreen Trees and Shrubs

Phenophase

Emerging
leaves

Phenophase Definition

In at least 3 locations on the plant,
an emerging leaf is visible. A leaf
is considered "emerging" once the
green tip is visible at the end of the
leaf bud, but before it has fully
unfolded to expose the petiole
(leaf stalk) or leaf base.

Phenophase/
phenological
event
relationship

Start

Phenological
Event

Leaf budburst

BBCH
code

End

All leaves
unfolded

Young
unfolded
leaves

Open flowers

In at least 3 locations on the plant,
a young unfolded leaf is visible. A
leaf is considered "young" and
"unfolded" once the leaf stalk
(petiole) or leaf base is visible, but
before the leaf has reached full
size or turned the darker green
color of mature leaves on the
plant. The leaf may need to be
bent backwards to see whether the
petiole or leaf base is visible.

In at least 3 locations on the plant,
an open fresh flower is visible.
Flowers are considered "open"
when the reproductive parts are
visible between unfolded or open
flower parts. Do not include spent
(wilted) flowers that remain on the
plant.

Start

Start

First leaf

First flowers

End

End of flowering

Full flowering

Ripe fruits

For the whole plant, at least half
(50%) of the flowers are open and
still fresh.

In at least 3 locations on the plant,
a ripe fruit is visible. (For a more
specific description of this
phenophase, please check the
plant species profile online.).
Species definitions for fruit
phenophases are still in progress.

Start

Start

Full flower or
Peak flower

First fruit ripe




Modification 1: For all Arctostaphylos uva-ursi, Cornus canadensis, Dryas octopetala,
and Linnea borealis, all phenophases except “Open flowers” had the phrase ‘In at least
3 locations.” edited to “In at least one location...”

Modification 2: For Larrea tridentata, all phenophases except “Open flowers” had the
phrase ‘In at least 3 locations.” edited to “In at least one location...” and the
phenophase “Full flowering” was deleted.

Modification 3: For Ficus citrifolia the phenophases “Open flowers” and “Full
flowering” are deleted.
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B.4 Conifers

Phenophase

Emerging
needles

Phenophase Definition

In at least 3 locations on the plant,
an emerging needle is visible. A
needle is considered "emerging"
once the green tip is visible at the
end of the bud, but before the
needle has unfolded and spread
away from the developing stem.

Phenophase/
phenological
event
relationship

Start

Phenological
Event

Needle budburst

BBCH
code

End

All leaves
unfolded

Young
unfolded
needles

In at least 3 locations on the plant,
a young unfolded needle is visible.
A needle is considered "young"
and "unfolded" once it has spread
away from the developing stem
enough that its point of attachment
to the stem is visible, but before it
has reached full size and turned
the darker green color of mature
needles on the plant.

Start

First needle

First pollen

Ripe seed
cones

blown.

In at least 3 locations on the plant,
a ripe seed cone is visible. (For a
more specific description of this
phenophase, please check the
plant species profile online.).
Species definitions for seed cone
phenophases are still in progress.

Start

First cone ripe

In at least 3 locations on the plant, Start 60
Pollen pollen is released from a male released
release cone when it is gently shaken or End of pollen
blown. End release 69
For the whole plant, at least half
Full pollen (50%) of the male cones release Start Full pollen or 65
release pollen when gently shaken or Peak pollen

Modification 1: For all multi-needle Pinus species the phenophase protocols were

modified such that: “Emerging needles” definition reads filn at least 3 locations on the

plant, an emerging needle or needle bundle is visible. A needle or needle bundle is

considered "emerging" once the green tip is visible along the newly developing stem




(candle), but before the needles have begun to unfold and spread away from others in
the bundle. “Young unfolded needles” definition reads “In at least 3 locations on the
plant, a young unfolded needle is visible. A needle is considered "young" and
"unfolded" once it begins to spread away from other needles in the bundle (and is no
longer pressed flat against them), but before it has reached full size and turned the
darker green color of mature needles on the plant.”

Modification 2: For all Juniperus species, the phenophase protocols were modified
such that: “Emerging needles” and “Young unfolded needles” phenophases are deleted.
Modification 3: For Larix laricina, the phenophase protocols were modified such that:
“Young unfolded needles” is replaced by “ Unfolded needles” which reads “In at least 3
locations on the plant, an unfolded needle is visible. A needle is considered “unfolded”
once it begins to spread away from other needles in the bundle and is no longer pressed
flat against them.” Additional phenophases are “>50% of needles colored” which reads
“For the whole plant, at least half (50%) of the needles (including any that have fallen
to the ground) have changed to their late-season colors”; “All needles colored” which
reads “For the whole plant, virtually all (95-100%) of the needles (including any that
have fallen to the ground) have changed to their late-season colors, and there is virtually
no green left in the needles”; f>50% of needles fallen” which reads “For the whole
plant, at least half (50%) of the needles have fallen”; “All needles fallen” which reads
“For the whole plant, virtually all (95-100%) of the needles have fallen.
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B.5 Herbs

Phenophase

Emerging
growth

Phenophase Definition

New bright green growth of the
plant is visible above the soil
surface, either from aboveground
buds with green tips, or new green
or white shoots breaking through
the soil surface. Growth is
considered "emerging" until the
first leaf has fully unfolded from
that bud or shoot.

Phenophase/
phenological
event
relationship

Start

Phenological
Event

Emergence
above ground

BBCH
code

Unfolded
leaves

In at least one location on the
plant, a fully unfolded leaf is
visible. For seedlings, consider
only true leaves and do not count
the cotyledons (one or two small,
round leaves) that are found on
the stem almost immediately after
the seedling emerges.

Start

First leaf

All leaves
withered

Open flowers

Ripe fruits

Of the leaves that developed this
season, virtually all (95-100%) are
dried and dead.

In at least one location on the
plant, an open fresh flower is
visible. Flowers are considered
"open" when the reproductive
parts are visible between unfolded
or open flower parts. Do not
include spent (wilted) flowers that

In at least one location on the
plant, a ripe fruit is visible. (For a
more specific description of this
phenophase, please check the
plant species profile online.).
Species definitions for fruit
phenophases are still in progress.

Start

Start

All leaves
senesced

First flowers

End

Start

End of flowering

First fruit ripe

69

remain on the ilant.

Modification 1: For Arisaema triphyllum the “Open flowers” phenophase was excluded.




B.6 Grasses

Phenophase

Emerging
growth

Phenophase Definition

New growth of the plant is visible
above the soil surface with the
appearance of fresh green shoots
that show no signs of aging. For
each shoot, growth is considered
"emerging" until the first leaf has
unfolded.

Phenophase/
phenological
event
relationship

Start

Phenological
Event

Emergence
above ground

BBCH
code

Unfolded
leaves

In at least one location on the
plant, an unfolded leaf is visible. A
leaf is considered "unfolded" when
it unrolls slightly from around the
stem and begins to fall away at an
angle.

Start

First leaf

All leaves
withered

Open flowers

Ripe seeds

Of the leaves that developed this
season, virtually all (95-100%) are
dried and dead.

In at least one location on the
plant, an open fresh flower is
visible. Flowers are considered
"open" when the reproductive
parts are visible between unfolded
or open flower parts. Do not
include dried flower parts that

In at least one location on the
plant, a ripe seed is present. A ripe
seed is hard when squeezed and
is difficult to divide with a
fingernail. Seeds may also be
considered ripe when they fall into
your hand when the plant is
handled.

Start

Start

All leaves
senesced

First flowers

End

Start

End of flowering

remain on the ilant.

First fruit ripe

69




B.7 Cacti

Phenophase

Flower buds

Phenophase Definition

In at least one location on the
plant, a flower bud or unopened
flower is visible. A flower is
considered "unopened" up until the
point when reproductive parts are
visible between unfolded or open
flower parts.

Phenophase/
phenological
event
relationship

Phenological
Event

BBCH
code

Open flowers

Ripe fruits

In at least one location on the
plant, an open fresh flower is
visible. Flowers are considered
"open" when the reproductive
parts are visible between unfolded
or open flower parts. Do not
include spent (wilted) flowers that
remain on the plant.

In at least one location on the
plant, a ripe fruit is visible. (For a
more specific description of this
phenophase, please check the
plant species profile online.).
Species definitions for fruit
phenophases are still in progress.

Start First flowers 60
End End of flowering 69
Start First fruit ripe 89




B.8 Cloned lilac

Phenophase

Phenophase Definition

In at least 3 locations on the plant,
an emerging leaf is visible. A leaf

Phenophase/
phenological
event
relationship

Phenological
Event

BBCH
code

For the whole plant, at least half

is considered "emerging" once the Start Leaf budburst 9

Emerging widest part of the newly emerging

leaves leaf has grown beyond the ends of
(formerly its opening winter bud scales, but
“Fi r st | beforeithas fully emerged to

expose the petiole (leaf stalk) or End All leaves 19
leaf base. The leaf is dis