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CHAPTER THREE

A Bird’s- Eye View of the USA National Phenology Network*

MONITORING PROGRAM

Jherime L. Kellermann, Carolyn A. F. Enquist, Diana L. Humple, Nathaniel E. Seavy, 

Alyssa Rosemartin, Renée L. Cormier, and LoriAnne Barnett

* Kellermann, J. L., C. A. F. Enquist, D. L. Humple, N. E. Seavy, A. Rosemartin, R. L. Cormier, and L. Barnett. 2015. A bird’s-

eye view of the USA National Phenology Network: an off-the-shelf monitoring program. Pp. 47–60 in E. M. Wood and 

J. L. Kellermann (editors), Phenological synchrony and bird migration: changing climate and seasonal resources in North 

America. Studies in Avian Biology (no. 47), CRC Press, Boca Raton, FL.

Abstract. Phenology is central to the biology and 

ecology of organisms and highly sensitive to cli-

mate. Differential responses to climate change 

are impacting phenological synchrony of inter-

acting species, which has been implicated in the 

decline of migratory birds that rely on seasonal 

resources. However, few studies explicitly meas-

ure phenology of seasonal habitat resources on the 

breeding and wintering grounds and at stopover 

sites. While avian monitoring methods are widely 

standardized, methods of monitoring resource 

phenology can be highly variable and dif"cult to 

integrate. The USA National Phenology Network 

(USA- NPN) has developed standardized plant and 

animal phenology protocols and a robust infor-

mation management system to support a range 

of stakeholders in collecting, storing, and sharing 

phenology data, at the appropriate scale, to shed 

light on phenological synchrony. The USA- NPN’s 

Nature’s Notebook can be integrated into established 

research programs, ensuring that data will be 

comparable over time and across projects, taxa, 

regions, and research objectives. We use two case 

studies to illustrate the application of USA- NPN 

methods and protocols to established long- term 

landbird research programs. By integrating phe-

nology into these programs, avian ecologists are 

increasing their ability to understand the magni-

tude and consequences of phenological responses 

to climate change.

Key Words: citizen science, climate change, pheno-

logical mismatch, phenology monitoring, phenol-

ogy protocol, Ruby- throated Hummingbird, 

stopover habitat.

P
henology, the timing of reoccurring life 

cycle events, is integral to plant and animal 

physiology, ecology, population and com-

munity dynamics, and adaptive evolution as well 

as nutrient, carbon, and water cycles (Chuine 2010, 

Forrest and Miller- Rushing 2010, Pau et al. 2011). 

Phenology can be highly responsive to climate 

change and thus provides a valuable indicator of 

effects across spatial and temporal scales (Walther 

2010, Yang and Rudolf 2010). Although not all 
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species are exhibiting shifts in their phenology, 

those that are responding often vary in their rate, 

direction, and magnitude of change (Parmesan 

2007, Møller et al. 2008, Both et al. 2009). Visser 

and Both (2005) emphasized that understand-

ing the signi"cance of phenological changes 

in any particular species must be in context of 

the phenology of resources necessary to sustain 

demanding life- cycle periods. For example, bird 

migration is a seasonal period of extremely high 

physiological demand (McWilliams and Karasov 

2001) that can have signi"cant impacts on annual 

survival (Sillett and Holmes 2002).

Differential impacts of climate change on migra-

tory birds and their seasonal resources are creating 

or exaggerating phenological mismatches (Jones 

and Cresswell 2010, Saino et al. 2011), especially 

in long- distance migrants (Coppack and Both 

2002, Both et al. 2006). Migration includes three 

disinct stages: departure, the migratory journey, 

and arrival. Advances or delays in departure dates 

or duration of the migratory period in response 

to climate change can alter arrival dates (Marra 

et  al. 2005, Balbontin et  al. 2009, Both 2010), 

ultimately affecting reproductive success, "tness, 

and population dynamics (Møller 2001, Baker 

et al. 2004, Both et al. 2006). Migratory responses 

vary geographically and ecologically within and 

among bird populations and species, depending 

on sex, diet, migration distance, migration tim-

ing, brood size, population size, and phenotypic 

plasticity (Jenni and Kery 2003, MacMynowski 

and Root 2007, Vegvari et al. 2010, Gordo and Doi 

2012). Selective pressures on birds to maintain 

phenological synchrony within seasonal commu-

nities under climate change may come from lower 

(e.g., food resources) or upper trophic levels (e.g., 

predators; Both et al. 2009) . Thus, documenting 

species phenology across trophic levels is criti-

cal to understanding avian responses to climate 

change during all stages of migration.

Changing phenology is altering seasonal veg-

etation condition and food availability, caus-

ing mismatch across trophic levels on breeding 

grounds and resulting in avian population 

declines (Jones and Cresswell 2010, Saino et  al. 

2011). Migratory birds time their arrival at breed-

ing grounds to obtain high- quality territories 

and take advantage of seasonal food resources 

necessary to reproduce and #edge young success-

fully (Møller 2001). Important components of 

landbird breeding habitat quality include vegeta-

tion condition and food availability (Sherry and 

Holmes 1996, Smith and Moore 2005). Across the 

Northern Hemisphere, spring phenology of plants 

(e.g., #owering, lea"ng) has been advancing with 

warming trends during the past century (Menzel 

et al. 2006, Ellwood et al. 2013). Strong evolution-

ary selection for herbivorous insects to respond to 

cues that allow synchronization with host plant 

phenology (Bale et al. 2002, van Asch and Visser 

2007) is also resulting in advancement of spring 

insect phenology, although mismatch may be 

occurring and even increasing (Parmesan 2007, 

Singer and Parmesan 2010).

Phenological changes in resources are also 

occurring along migration routes, which can affect 

stopover duration and frequency, arrival timing, 

body condition upon arrival, and reproductive 

success during the breeding season (Sandberg 

and Moore 1996, Smith and Moore 2005, Norris 

and Marra 2007, Seewagen et al. 2013). Over the 

course of successive stopover events, birds repeat-

edly encounter novel habitats and unpredictable 

environmental conditions (Nemeth and Moore 

2007, Gillies and St. Clair 2010), where they 

attempt to maximize food acquisition and fat 

accumulation while balancing search- time costs 

(Aborn and Moore 1997, Paxton et al. 2008). The 

ability to identify patches of local food availability 

quickly based on habitat characteristics detectable 

across scales should shorten stopover duration 

and migration timing and improve "tness. Birds 

likely select stopover sites through a top- down 

hierarchical process (Chernetsov 2006), advanc-

ing from coarse- to "ne- scale features (Buler et al. 

2007). Plant phenology may be a direct indicator 

of food availability for birds that consume plant 

resources such as nectar or fruits (Smith et  al. 

2007, McKinney et al. 2012), or an index of avail-

ability of herbivorous insect prey synchronized 

with plant phenology (van Asch and Visser 2007, 

McGrath et al. 2009). Therefore, changes in plant 

phenology and phenological mismatch at stopover 

sites could affect avian "tness directly through 

decreased food abundance and indirectly though 

loss of habitat selection cues at stopover sites.

In contrast to arrival and stopover ecology, 

the dynamics of migratory departure are poorly 

understood; however, departure dates of migrants 

from both ends of their migratory range are 

undoubtedly being affected by climate- driven 



habitat condition and resource phenology. For 

example, American Redstarts (Setophaga ruticilla) 

wintering in tropical regions have later depar-

ture in dry years or when relegated to drier sub-

optimal habitats (Marra and Holberton 1998, 

McKellar et  al. 2013) and show increased abun-

dance on the breeding grounds in years follow-

ing high plant productivity in wintering areas 

(Wilson et  al. 2011). In many parts of Europe, 

timing of departure from breeding to wintering 

grounds is advancing (Cotton 2003). While long- 

distance migrants are advancing their fall depar-

ture in order to cross the Sahel before seasonal dry 

periods, multibrood species are taking advantage 

of longer growing seasons on breeding grounds 

and delaying their departure (Jenni and Kery 

2003). Therefore, changes in departure may be 

related to changes in habitat and resources on the 

departure or arrival grounds or at stopover sites 

and depend on a species’ migratory ecology and 

life history traits.

The complexity of avian phenological responses 

highlights the need for data on not only their tem-

poral and spatial patterns, but also the critical sea-

sonal resources upon which they depend. Most 

migration studies have been limited by logistics or 

funding to collect new phenological data, or to the 

availability of existing data at relevant ecological, 

spatial, or temporal scales. To "ll this void, met-

rics of vegetation phenology for large- scale appli-

cations are often derived from remote sensing 

data, such as the normalized difference vegetation 

index (NDVI; Greenberg et  al. 2008, Balbontin 

et al. 2009, Tottrup et al. 2010), which are avail-

able at large spatiotemporal scales but are limited 

in their spatial and ecological resolution rela-

tive to ground observations (White et  al. 2009). 

However, the advent of the Internet combined 

with the growing popularity of citizen science 

campaigns is beginning to change the manner 

and scale at which we can collect and share data 

to address these problems at relevant scales and 

produce alternative metrics of vegetation phenol-

ogy (Silvertown 2009, Dickinson et al. 2010).

FROM THE GROUND UP

Observational phenology monitoring can assist 

in downscaling and validation of remote sens-

ing data (Kang et al. 2003, Kaheil et al. 2008) and 

supply detailed site- speci"c information on spe-

cies and species interactions at "ne resolutions 

relevant to individual organisms, populations, 

and communities (Schwartz 1999). The bene"ts 

of using observational phenology monitoring to 

address regional to global- scale changes include 

its generalizability across scales, its ability to rep-

resent ecological diversity, and its ability to reveal 

physical mechanisms (Schwartz 1994). However, 

understanding the complex dynamics of climate 

change impacts on bird migration phenology 

under changing climate conditions will require 

data on birds and seasonal resources across broad 

spatiotemporal scales, from individual breeding, 

wintering, and stopover sites to species’ entire 

annual migratory range while transcending bio-

geographic and political boundaries (Kelly and 

Hutto 2005, MacMynowski and Root 2007, Taylor 

et al. 2011). Collection of suf"cient data necessi-

tates a monumental collaborative effort.

Historic plant phenology data sets exist for 

North America, including data from legendary 

naturalists such as Henry David Thoreau and Aldo 

Leopold (Miller- Rushing and Primack 2008) and 

the cloned lilac and honeysuckle phenology pro-

grams initiated in the mid-1950s (Schwartz et al. 

2012). Europe has a somewhat richer trove of his-

toric phenology data on a relatively wide range 

of species (Ahas et al. 2002), including data sets 

on grape harvest that span more than 500 years 

(Chuine et  al. 2004, Menzel 2005). Despite the 

immense value of these data for examining long- 

term variation, trends, and extremes in biotic 

responses to climate (Bradley et al. 1999, Miller- 

Rushing and Primack 2008, Ellwood et al. 2013), 

they focus on either small geographic regions, a 

relatively narrow range of species, or species that 

may not be ecologically relevant to bird migration 

habitats (Marra et al. 2005).

Over the past decade, there has been a boon in 

the collection of ecological data by citizen scien-

tists, especially with the advent of online science 

initiatives (Dickinson et  al. 2010). New citizen 

science programs such as eBird have provided 

vast amounts of data on migratory birds in North 

America that are being used to explore spatio-

temporal patterns of bird migration and responses 

to climate change at unprecedented scale and 

resolution (Sullivan et al. 2009, Fink et al. 2010, 

Hurlbert and Liang 2012). Arguably, additional 

observational data at similar spatiotemporal scales 
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and ecological resolutions on the phenology of 

seasonal resources relevant to migratory birds at 

breeding, wintering, and stopover sites would be 

of signi"cant value to understanding migratory 

habitat ecology, especially once integrated with 

bird monitoring data.

USA National Phenology Network 

and Nature’s Notebook

In 2007, the USA- NPN (www.usanpn.org) was 

formed to track plant and animal phenology and 

ecological responses to climate change at a con-

tinental scale. The USA- NPN engages a diverse 

range of citizen scientist volunteers; federal, state, 

and nongovernmental organizations; professional 

research scientists; and educators to conduct 

monitoring as well as outreach and education. 

To guide this effort, the USA- NPN implemented 

Nature’s Notebook in 2009, an online monitoring pro-

gram comprising scienti"cally vetted protocols, 

observation guidelines, and interfaces for data 

entry and retrieval (the national phenology data-

base, NPDb), in addition to a growing range of 

data products, educational materials, and support 

tools (Rosemartin et al. 2013, Denny et al. 2014).

Nature’s Notebook provides all of the materials and 

tools necessary to implement phenology monitor-

ing as an “off- the- shelf” package, ready for use 

and application to meet a wide range of moni-

toring and research goals and objectives (www.

nn.usanpn.org). Through Nature’s Notebook, people 

can create monitoring groups, register sites, 

plants, and animals to be observed; create and 

print standardized data sheets; and submit their 

observations. The methods and protocols explain 

and utilize species- speci"c phenophases for com-

monly occurring functional groups. Data can 

be collected throughout the year, and the meth-

ods and protocols help to minimize differences 

in terminology and phenological categories that 

regularly occur across projects using different 

protocols that later create challenges for data inte-

gration and analysis (Freeman et al. 2007).

All data submitted through Nature’s Notebook are 

housed in the NPDb and, along with supporting 

metadata, are freely available online for down-

load (www.usanpn.org/ results/ data). Registered 

sites are georeferenced and observers can record a 

range of supplemental details about the site such as 

slope, aspect, irrigation, landcover, development, 

and distance to nearest road or body of water. As 

of May 2014, there were 673 plant and 272 ani-

mal species available for observation with detailed 

description pages of the organisms and their phe-

nophases (www.usanpn.org/ nn/ species_search).

The Nature’s Notebook program employs “status” 

monitoring, whereby observers record the pheno-

logical status for a suite of species- speci"c pheno-

phases on every observation date. Such repeated 

sampling can reveal trends throughout the annual 

life cycle of a species and has greater predictive 

power, in contrast to “event” monitoring, which 

typically only captures the date on which a phe-

nological event "rst occurs (Denny et  al. 2014). 

Observers can also record abundance or intensity 

meas ures for many plant phenophases such as 

the number of #owers per plant or the percent 

of #owers that are open (Table  3.1), which can 

provide data on the relative abundance of plant 

resources potentially available at a given location 

and time.

Nature’s Notebook: Relevance to Bird Migration

While Nature’s Notebook involves monitoring of 

a wide range of plants and animals and their 

species- speci"c phenophases, events most rel-

evant to the study of bird migration and habi-

tat ecology are the presence and feeding of bird 

species, plant phenophases related to bird food 

resources (e.g., #owers, fruits) or resources used 

directly by herbivorous invertebrate prey (e.g., leaf 

buds, young leaves), and the presence or emer-

gence of invertebrate prey such as lepidopteran 

larvae. Table  3.1 lists some of the phenophases 

most frequently recorded through Nature’s Notebook 

for birds, plants, and insects that could be applied 

to research and monitoring of bird migration 

and seasonal resources at breeding, wintering, 

and stopover habitats.

While other broad- scale monitoring programs 

that focus on a single taxonomic group provide 

extremely valuable phenological data that can 

be overlaid with data from other programs (e.g., 

eBird, Frogwatch), a signi"cant bene"t of Nature’s 

Notebook is that it can provide colocated data for 

multiple taxa and phenophases using nationally 

standardized protocols. Because the protocols 

used in Nature’s Notebook have been speci"cally 

developed to address phenological questions, 

their use will reduce the challenges that can arise 

when comparing phenological data collected with 

different methods (Freeman et al. 2007).



Status of Nature’s Notebook and the NPDb

As of 13 June 2014, over 3,629 registered observ-

ers had actively submitted over 3.5 million sta-

tus records from 6,258 sites located across all 50 

US states, the US Virgin Islands, and Puerto Rico. 

The species with the most observations in the 

NPDb recorded through Nature’s Notebook include 

red maple (Acer rubrum), coyotebush (Baccharis 

pilularis), and quaking aspen (Populus tremuloides) 

for plants; bumblebees (Bombus spp.), monarch 

(Danaus plexippus), and red admiral (Vanessa atalanta) 

for insects; and American Robin (Turdus migratorius), 

Ruby- throated Hummingbird (Archilochus colubris), 

and Black- capped Chickadee (Poecile atricapillus) for 

birds. Up- to- date summaries and visualization of 

all species- speci"c data housed in the NPDb can 

be accessed and viewed graphically on the USA- 

NPN website using the data dashboard or the phe-

nology visualization tool (www.usanpn.org).

Application of Nature’s Notebook and NPDb Data

Phenological Mismatch in Ruby- 

Throated Hummingbirds

As an example of potential data applications for 

the NPDb, we examined phenological synchrony 

and overlap between #owering and movements 

of a nectarivorous bird (Miller- Rushing et  al. 

Bird, plant, and insect phenophases recorded through the USA-NPN’s phenology monitoring program, Nature’s Notebook, 

relevant to study of bird migration, seasonal resources, and condition of stopover habitats.

Taxa Phenophase Phenophase description Abundance/ intensity meas ures

Birds Active individuals One or more individuals seen moving or at rest Number of birds in this 

phenophase

Feeding One or more individuals feeding; if possible, 

record species or substance being eaten

Number of birds in this 

phenophase

Fruit/ seed 

consumption

One or more individuals eating fruits, seeds, or 

cones of a plant; if possible, record plant name 

Number of birds in this 

phenophase

Insect 

consumption

One or more individuals seen eating insects; if 

possible, record insect or describe it

Number of birds in this 

phenophase

Plants Flowers or #ower 

buds

One or more fresh open or unopened #owers or 

#ower buds visible 

Number of #owers or #ower 

buds

Open #owers One or more open, fresh #owers visible Percentage open

Pollen release One or more #owers release visible pollen grains 

when gently shaken or blown onto a surface

Amount of pollen released

Fruits One or more fruits visible on the plant Number of fruits

Ripe fruits One or more ripe fruits visible on the plant Percentage ripe

Recent fruit or 

seed drop 

One or more mature fruits or seeds dropped or 

removed from the plant since last visit 

Number mature fruits dropped 

seed

Breaking leaf buds One or more breaking leaf buds visible Number of buds breaking

Increasing leaf 

size

A majority of leaves have not yet reached full size 

and are still growing larger 

Percentage of full size

Insects Active caterpillars One or more caterpillars (larvae) moving or at 

rest; when seen on a plant, record the name of 

the plant or describe it in the comments "eld

Number of individuals in this 

phenophase

Caterpillars 

feeding

One or more caterpillars feeding; if possible, 

record species or substance being eaten

Number of individuals in this 

phenophase

Flower visitation One or more individuals visiting #owers or #ying 

from #ower to #ower; if possible, record plant

Number of individuals in this 

phenophase

Active subadults One or more subadults moving or at rest Number of individuals in this 

phenophase



Wood and Kellerman

2010). We compared spring temperatures in 

2011 and 2012, #owering times of 10 plant spe-

cies, and migration and arrival times of Ruby- 

throated Hummingbird (RTHU, Archilochus colubris) 

at registered Nature’s Notebook sites in the northeast-

ern extent of their US breeding range in Maine. 

Hummingbird species can be highly responsive to 

variation in climate and habitat resources (Russell 

et  al. 1994, McKinney et  al. 2012, Courter et  al. 

2013), and central and eastern portions of the 

United States experienced record- breaking early 

spring temperatures and #owering phenology in 

2012 (Ellwood et al. 2013).

We assessed #owering of nine plant species; 

three species of milkweed (Asclepias spp.), red col-

umbine (Aquilegia canadensis), jewelweed (Impatiens 

capensis), Japanese knotweed (Polygonum cuspidatum), 

tulip tree (Liriodendron tulipifera), common lilac 

(Aguilegia canadensis), and common dandelion 

(Taraxacum of!cinale; a species that is not likely to 

be used by hummingbirds, but that may provide 

an indication of small #owering forb phenology). 

We "rst calculated the proportion of sites that 

recorded hummingbird presence out of all sites 

that were actively monitoring this bird species in 

Maine during eleven 10-day periods from 1 April 

through 18 June in 2011 and 2012. We also cal-

culated the proportion of individual plants of 

these species that had #owers during the same 

10-day periods. We used these 10-day increments 

because all sites were surveyed at least once dur-

ing that interval. We assessed phenological syn-

chrony as the difference in date of mean and peak 

phenology between birds and #owering within 

and between years. We calculated annual over-

lap of hummingbird and #owering as the de"nite 

integral of the area shared by these plotted phe-

nological response curves (Miller- Rushing et  al. 

2010) using R 3.0.1 (R Core Team 2014).

Ruby- throated Hummingbirds were monitored 

at 80 total sites (38 in 2011, 61 in 2012), and #ow-

ering phenology was monitored at 116 individual 

plants (65 in 2011, 88 in 2012). We found that 

mean #owering date was over 7  days earlier in 

2012 than in 2011, while peak #owering advanced 

by nearly a month (Figure 3.1). In contrast, mean 

date of RTHU detection was about 14 days later 

in 2012 and peak date was about 10  days later. 

Therefore, the time between both mean and 

peak RTHU migration and plant #owering was 
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 Map of registered USA National Phenology Network Nature’s Notebook sites in (a) Maine, where the phenology 

of Ruby- throated Hummingbirds and relevant #owering plants was monitored in (b) 2011 and (c) 2012, and phenologi-
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about 10  days later in 2012. Despite changes in 

synchrony, phenological overlap was almost two 

times greater in 2012 (1.74) than in 2011 (0.94), 

due to the earlier peak among hummingbirds in 

2011. Analyses of long- term trends using historic 

records of the North American Bird Phenology 

Program for Ruby- throated Hummingbirds also 

showed the counterintuitive pattern of delayed 

phenology under early spring conditions of 2012. 

Courter et  al. (2013) found that although Ruby- 

throated Hummingbirds have advanced their 

spring migration over the past 130  years, fol-

lowing warm winters their migration is delayed 

above 40° north following warm winters. Delays 

may be in response to the recent inability of plants 

to meet their winter chilling requirement in the 

southern United States, which in turn is reduc-

ing food resources, diminishing stopover habi-

tat quality, and necessitating longer stopovers en 

route (Russell et al. 1994).

In contrast, our results suggest that pheno-

logical overlap actually increased despite drastic 

changes in synchrony. Overlap may be due to an 

even and prolonged, less concentrated or “peaky” 

distribution of bird migration and plant #ower-

ing. Nonetheless, it remains unclear whether 

there are "tness consequences to this inter annual 

variation in phenology. Data on nesting and pres-

ence of #edglings and phenophases that also can 

be monitored through Nature’s Notebook would shed 

light on the potential impacts on population and 

evolutionary dynamics. Furthermore, to improve 

the accuracy of phenological estimates, sites 

should be monitored at least twice a week during 

periods of rapid phenological change. Infrequent 

monitoring rates are a limitation of the current 

size of the NPDb. We anticipate, however, that as 

the number and frequency of observations grow, 

analysis at "ner temporal resolutions will be 

more robust.

Integrating Nature’s Notebook into Established 

Ornithology enjoys a rich history of established, 

vetted, and standardized avian research and mon-

itoring using methods such as point counts, area 

searches, nest monitoring, and mist- netting. These 

methods have been incorporated into national and 

international programs that have been collect-

ing demographic and phenological data on bird 

populations for decades, such as the monitoring 

avian productivity and survivorship (MAPS) pro-

gram, and the North American breeding bird sur-

vey (BBS; Sauer et al. 1994, DeSante et al. 1995). 

Vegetation monitoring is a common component 

of many landbird research and monitoring pro-

grams; however, these methods and protocols are 

often far more variable throughout the discipline, 

and often do not include a plant phenology com-

ponent. Furthermore, some avian researchers may 

be uncertain of exactly how to monitor plant phe-

nology at new or already established study sites.

For nearly 50  years, Point Blue Conservation 

Science (Point Blue, founded as Point Reyes Bird 

Observatory) has studied bird populations at the 

Palomarin Field Station in Point Reyes National 

Seashore, Marin County, California (Porzig et al. 

2011). Program efforts include year- round moni-

toring of resident and migrant landbirds through 

constant- effort mist- netting and nest- monitoring 

programs, studying habitat associations, weather 

and vegetation monitoring, and a rigorous 

intern- training program. Long before research-

ers ever considered that these long- term data 

would be used to understand the consequences 

of climate change (MacMynowski et  al. 2007, 

Goodman et  al. 2012), researchers at Palomarin 

were already studying the variation in timing 

of avian annual life cycles—such as when birds 

breed, molt, and migrate (DeSante and Baptista 

1989, Howell and Gardali 2003, Elrod et al. 2011). 

However, despite interest in the resources that 

plants provide for birds, relatively little standard-

ized information on plant phenology was previ-

ously collected at the station.

Recent evidence of climate- change disrup-

tion to phenological relationships between birds 

and vegetation has highlighted the importance of 

incorporating phenological monitoring of plants 

into research and monitoring at Palomarin (Saino 

et  al. 2011, Visser et  al. 2012). With their pri-

mary expertise in avian ecology, station person-

nel looked to the broader scienti"c community 

for phenological monitoring methods. The broad 

scope, applications, and vetted and standardized 

plant phenology monitoring protocols of the 

USA- NPN and Nature’s Notebook provided the tools 

necessary for integration into the station’s long- 

term monitoring efforts. Furthermore, the USA- 

NPN’s ample offerings of webinars and in- person 

training workshops assured station researchers 

that data quality is a high programmatic priority.
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In 2012, Point Blue began collecting plant phe-

nology data on 15 tree, shrub, and forb species 

at the Palomarin Field Station and four addi-

tional associated long- term bird monitoring sites 

in the Point Reyes area (in Point Reyes National 

Seashore, Golden Gate National Recreation Area, 

and Marin County Open Space District; hereafter, 

Palomarin study sites). The plant species selected 

are among the dominant species at the study sites 

that are ecologically important to the bird species 

studied. Plant phenology is monitored approxi-

mately every 7–10 days at some sites in conjunc-

tion with mist- netting visits, year- round except 

at two sites where no winter avian monitoring 

occurs. Although it requires a time commit-

ment to conduct the phenology monitoring and 

ensure consistency among observers and proper 

data management, the ef"ciency of the protocols 

allows the plots to be monitored during normal 

mist- netting operational hours, given moderate 

bird capture rates.

We compared timing and duration of #ower-

ing among 11 plant species at Palomarin study 

sites using box plots generated in R 3.1.0 (R Core 

Team 2014). We found a wide range of plant 

phenological strategies from long to short dura-

tions (Figure 3.2). Additionally, while some species 

appear to respond to winter precipitation, #ower-

ing in the spring, others may respond to increas-

ing temperatures, #owering in the late summer 

(Figure  3.2). These phenological patterns, along 

with other plant phenophases including leaf- out 

and fruiting, can now be compared with annual 

patterns of migratory bird phenophases including 

arrival, departure, passage, breeding, and molt. 

Furthermore, long- term monitoring could reveal 

the normal range of variation in plant and avian 

phenology, trends, and extreme events, as well as 

how these phenological patterns respond to cli-

mate variation and climate change (Gordo and 

Sanz 2010, Ellwood et al. 2013).

In addition to increased understanding of the 

ecological communities at these long- term study 

sites resulting from implementation of Nature’s 

Notebook, incorporating phenology monitoring 

efforts at Palomarin has enhanced the intern 

training experience by broadening awareness and 

expertise to other ecological components of the 

systems they are studying and providing a bet-

ter understanding of how ecological informatics, 
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including citizen science projects like Nature’s 

Notebook, are changing ecological research (Jeong 

et  al. 2011, Hurlbert and Liang 2012, Miller- 

Rushing et al. 2012). Additionally, it has the poten-

tial to engage the visiting public and contributes 

to local, regional, and national efforts to track the 

in#uences of climate change.

DISCUSSION

Interannual and seasonal changes in habitat 

resources are central to understanding avian spa-

tial and temporal distribution patterns, habitat 

ecology, reproductive success, and adaptive evo-

lution in light of phenological synchrony across 

trophic levels (Both et  al. 2009). Including veg-

etation phenology monitoring within bird moni-

toring programs can provide important insights 

into these dynamics. By moving beyond assess-

ment of vegetation structure and composition 

alone, which may experience minimal change 

within and among years, phenology data provide 

information relevant to habitat quality that can 

change over short time periods of days to weeks. 

Furthermore, because phenology is highly sensi-

tive to climate, phenology data can help develop 

a more mechanistic understanding of migratory 

bird habitat selection (Smith et al. 2007, McGrath 

et al. 2009, Carlisle et al. 2012).

Although a number of successful national scale 

bird monitoring programs involving both profes-

sional and citizen scientists exist, no contempo-

rary programs for monitoring plant phenology 

have been implemented with comparable spatial 

scale and ecological complexity with equivalent 

success. The USA-NPN Nature’s Notebook program 

is providing a unique range of data products and 

tools that can be directly applied, implemented, 

and integrated into bird monitoring and research 

programs for a wide group of users, including 

state and federal natural resource management 

agencies (Enquist et  al. 2014) and nongovern-

mental conservation organizations, academic 

researchers, and citizen science and public educa-

tion programs. Furthermore, despite the diversity 

of objectives, goals, and objectives represented by 

this wide range of stakeholders, the use of stan-

dardized data collection protocols and a shared 

database (NPDb) allows data to be integrated, 

comparable, and applicable to novel questions at 

both "ne and coarse geographic scales.

Currently, Nature’s Notebook is being applied by 

the Inventory and Monitoring Program of the 

US National Park Service through the California 

Phenology Project (www.usanpn.org/ cpp/) and 

the Northeast Temperate Network (science.nature.

nps.gov/ im/ units/ netn/) to understand ecosys-

tem responses to climate variability and climate 

change, inform natural resource management 

and decision making, and engage and educate the 

public. Existing efforts have produced extensive 

protocols and recommendations for implement-

ing phenology monitoring using Nature’s Notebook 

and these are freely available online through their 

websites. Building upon these early successes, the 

National Wildlife Refuge System of the US Fish 

and Wildlife Service is now implementing phe-

nology via Nature’s Notebook in its inventory and 

monitoring efforts. Detailed information about 

these programs and how to initiate an observa-

tion program is available through the USA- NPN 

website (www.usanpn.org).

Recommendations for Implementing 

Phenology Monitoring

Organizations should consider several factors 

when implementing or integrating Nature’s Notebook 

into new or existing avian research and monitor-

ing programs for migratory as well as resident 

birds. These include (1) selection of focal veg-

etation species for monitoring, (2) determining 

the number of sites to monitor and the number 

of individual plants of each species at each site, 

(3) the frequency of monitoring visits to each 

site, and (4) the phenological metrics of inter-

est (e.g., onset, peak, duration) and methods for 

calculation.

Selecting focal plant species will depend on the 

objectives of the study, the bird species of interest, 

and the composition and diversity of vegetation 

communities at sites. Focal plant species should be 

relevant to bird species of interest, such as use as 

a foraging substrate or as a food resource; be suf-

"ciently abundant to monitor multiple individuals 

at multiple sites; and capture #owering or other 

key phenophases throughout the study season 

(Figure 3.2).

Nature’s Notebook is relatively easy to implement, 

but the amount of time required for observer 

training, data collection, data entry and manage-

ment, and analysis should be carefully considered. 

As such, the number of sites and individual plants 
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monitored will greatly depend on monetary and 

personnel resources for the study and the size 

and complexity of the study area. The greater the 

size or ecological complexity of a study area, the 

more sites or individual plants may be necessary 

to capture the phenological variation of the area. 

Similarly, the frequency of observations should 

also take into account the variation in plant phe-

nology over time and space. During peak periods 

of change, such as spring leaf- out or #owering, 

one or two visits per week are preferable for cap-

ture of phase transitions, while during periods of 

less change, such as winter in northeastern tem-

perate regions, one visit per month or less may be 

acceptable. For integration into established pro-

grams, phenology monitoring can be concurrent 

with other efforts, such as avian point counts, nest 

searching, or mist- netting, as at the Palomarin 

"eld station and associated study sites.

A wide variety of phenological metrics can 

be calculated from data collected using Nature’s 

Notebook and available in the NPDb (Gerst et  al., 

unpubl. ms). The onset, peak, and duration of 

phenophases within individuals or at sites are all 

common metrics. Each metric has important con-

siderations related to sampling, analysis, and con-

founding factors. For example, estimates of onset 

may be sensitive to changes in population size and 

sampling frequency (Miller- Rushing et  al. 2008, 

2010). Therefore, desired metrics and expected 

analytical techniques should be considered before 

implementation of monitoring and data collection. 

Accordingly, the USA- NPN can provide an array of 

resources and support to facilitate project design, 

research, development, and implementation.

To understand long- term ecological responses to 

climate change that are critical for adaptive man-

agement and conservation of natural resources, 

we need multitaxa phenology monitoring across 

broad biogeographic regions (Parmesan 2007, 

Lawler 2009, Richardson et  al. 2013, Enquist 

et al. 2014). As we have shown, the professional 

and amateur science communities have imple-

mented and participated in a number of large 

bird- monitoring campaigns. These programs have 

primarily focused on landbirds and terrestrial 

systems; increased monitoring of freshwater and 

marine birds and habitats will provide additional 

insight into broader avian phenology dynam-

ics. Unequivocally, colocated data on phenol-

ogy of bird habitat and food resources will help 

us unravel the complexities of trophic cascades, 

phenological mismatch, and phenotypic plasticity 

and aid in assessing species vulnerability to envi-

ronmental disturbance and change at spatiotem-

poral scales and ecological resolutions relevant to 

the interannual and seasonal ranges of migratory 

bird species across the globe.
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