NABA Butterfly Count Column
Connecting Climate to Butterfly Count Data
by Leslie Ries
Any long-time butterfly enthusiast knows
that weather can have a profound impact on
the timing, distribution and abundance of
butterflies. These impacts can either be direct,
through influences on adult activity levels or
caterpillar development, or indirect, through
influences on host or nectar plant resources.
To further complicate things, weather impacts
may be immediate, such as when the sun
finally shines through on a cloudy day –
what a great time to see butterflies! Or they
may accumulate throughout the season, as
juveniles need a certain amount of energy
resources to develop into adulthood. While
these connections are intuitive, establishing
the relationships empirically and actually
determining the extent to which weather and
climate drive butterfly dynamics can be much
more challenging. But the importance of
being able to answer these types of questions
is imperative as we seek to understand how
our changing climate may be influencing
butterfly distribution patterns now, and even
into the future based on projected climate
scenarios. The NABA count data have the
potential to be an invaluable resource to
explore these relationships.
There are so many aspects of local weather
and climate that impact butterfly biology and
it is unrealistic to tackle all of them. My goal
is to determine the key drivers of large-scale,
long-term patterns. To do this, I am focusing
on two general metrics of local weather: the
amount of heat available for caterpillar growth
and patterns of precipitation. Both of these
measures capture dynamics that vary spatially
and build over time (and the spatial variation
also builds over time), and so the challenge
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is to determine the best metric to be tied to
a particular observation at a place and date
where a butterfly count occurred. Even more
challenging is not only to use the right metric,
but to figure out how far back in time to go
(relative to the date of each survey) to best
capture the most important seasonal climatic
effects. In today’s column, I am going to
briefly introduce you to the key climate
metrics I am working with and then, in future
columns, I will show you how, in collaboration
with many other researchers, I am working
to relate these climate variables to butterfly
development, emergence, and distribution.
As noted above, ambient temperature (and
cloud cover) can have an immediate impact on
adult activity levels (and thus detectability),
but this is not my current focus. Instead, I am
using temperature data to calculate the amount
of energy available for caterpillar growth
throughout the season. The most common
metric used to evaluate this is Growing Degree
Days (GDD). The idea behind GDD is that
growth and development for many organisms,
including plants and insects, is limited by
daily temperature. Temperatures must exceed
some minimum threshold before growth can
occur and the hotter the temperature the more
energy is available for growth. To calculate
GDD on a daily basis, simply take the day’s
mean temperature (or the average of the
minimum and maximum) and subtract that
minimum threshold temperature (often called
the “base” temperature). For instance, if a
certain species’ caterpillars can only develop
when temperatures are greater than 50F, then
a day with a mean temperature of 70F adds
20 GDD (note that the Celsius scale can

be used as well). Of course, after a certain
upper temperature is reached, no additional
benefit for growth is accrued, so some GDD
calculations include a maximum number of
degree days that can be accumulated during a
single day. One dynamic that is not currently
captured by most GDD formulations is that
caterpillar development can actually slow as
temperatures get too hot, and temperatures
can even become lethal at some point. This
is a key area where I am working with
collaborators to improve GDD models.
As the season progresses, the number of
GDD accumulates each day. For instance,
during a typical year the number of GDD in
the Midwest ranges from 2000 to 3000 based
on the 50F cutoff, but varies both spatially

and from year to year (see maps, this page.).
Further, the pattern of accumulation at any
one site also varies yearly (see graph on page
42). For those studying development, it is
often possible to tie the timing of events (first
emergence of adult butterflies or flowering of
key plants) to a particular GDD value even
more successfully than day of the year. The
number of accumulated GDD over the season
may even allow for more generations for some
species resulting in larger populations. For
well-studied species such as Monarchs, we
know how many GDD it takes to get through
each stage of development. GDD has been
successfully tied to the emergence, abundance,
and range of several butterfly species.
Like GDD, patterns of precipitation vary

Maps of Ohio show accumulated Growing Degree Days (GDD) from 2000 through 2008.
Note that spatial pattern varies somewhat from year to year and some years accumulate
more GDD than others. In addition, the pattern of accumulation throughout the year
can vary, as shown by the accumulated GDD profile for one site in Cleveland . GDD
values were based on a 50F cutoff and developed using NOAA weather station data.
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These graphs were developed by Heather Lessig using the same data used to generate the Ohio
images on pg. 41.
both spatially and temporally and so can
be extremely tricky because it is both the
timing and amount of precipitation that can
have substantive effects, especially on host
and nectar plant resources. Further, each
species’ resources likely respond differently
to different precipitation patterns. Rather than
try to fine-tune these dynamics species by
species, I am working with drought indexes
that indicate whether it was a particularly wet
or dry year based on that location’s norms
(so a “dry” year in the Southwest will have
a different precipitation profile compared
to a “dry” year in the Southeast). There are
several of these indexes, of which the Palmer’s
Drought Severity Index and its variants are
the most common. These are calculated on
several time scales, and each gives a sense of
how prolonged dry or wet conditions persist
back for different periods of time. I won’t go
into details here, but an excellent summary
of the various indexes, selected references,
and animated maps showing how drought
patterns can change through time can be found
at the National Oceanic and Atmospheric
42 American Butterflies, Spring 2011

Administration’s (NOAA) website: (http://
www.ncdc.noaa.gov/oa/climate/research/
prelim/drought/palmer.html ).
Since the NABA count data are collected
at continental scales and stretch back to 1975,
one of the additional challenges is acquiring,
processing and analyzing these huge climate
data sets. One solution is to use summaries
that are available from organizations like
NOAA and US Department of Agriculture
(USDA) that summarize the data, but often
averaged over coarse spatial scales and over
several years. Using GDD summaries also
constrains you to accept typical cutoffs (like
50F or 60F) even when we have detailed
developmental data for some species. To
be as flexible as possible, I have found
that beginning with the raw data is the best
approach. In future columns, I will show
how we are using these vast stores of climate
data at increasingly fine scales of both spatial
and temporal resolution to understand the
connection between butterfly dynamics and
climate.
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