UC Davis
UC Davis Previously Published Works

Title
Species with more volatile population dynamics are differentially impacted by weather

Permalink
https://escholarship.org/uc/item/55c5g2m4|

Journal
Biology Letters, 11(2)

ISSN
1744-9561

Authors

Harrison, Joshua G
Shapiro, Arthur M
Espeset, Anne E

Publication Date
2015-02-01

DOI
10.1098/rsbl.2014.0792

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/55c5g2m4
https://escholarship.org/uc/item/55c5g2m4#author
https://escholarship.org
http://www.cdlib.org/

Author Queries

Journal: Biology Letters
Manuscript: RSBL20140792

As the publishing schedule is strict, please note that this might be the only stage at which you are able to thoroughly
review your paper.

Please pay special attention to author names, affiliations and contact details, and figures, tables and their captions.

If you or your co-authors have an ORCID ID please supply this with your corrections. More information about ORCID
can be found at http:/ /orcid.org/.

No changes can be made after publication.

01 Please provide editor names for ref. [3].
Q2 Please provide place, date and publisher details for ref. [16].


http://orcid.org/

O 0 N N Ul W N =

N Oy O U U U1 G U1 U1 01 U1 U1 Ul o o s s s s s s R e W W W W W W W W W RN NNRNNDNNDN DN S sl e sl )
W NN = O 0O ® N O U kW N = O VW N0 W RO VO N0 R W =R O WV N0 R W R, OV N0 e W N RO

BIOLOGY
LETTERS

rshl.royalsocietypublishing.org

®

CrossMark

click for updates

Research

Cite this article: Harrison JG, Shapiro AM,
Espeset AE, Nice CC, Jahner JP, Forister ML.
2015 Species with more volatile population
dynamics are differentially impacted

by weather. Biol. Lett. 20140792.
http://dx.doi.org/10.1098/rsbl.2014.0792

Received: 1 October 2014
Accepted: 19 January 2015

Subject Areas:
ecology

Keywords:
climate change, Bayesian analysis, lepidoptera,
population dynamics, density independent

Author for correspondence:
Joshua G. Harrison
e-mail: joshuaharrison@unr.edu

Electronic supplementary material is available
at http:/dx.doi.org/10.1098/rslb.2014.0792 or
via http://rshl.royalsocietypublishing.org.

THE ROYAL SOCIETY

PUBLISHING

Population ecology

Species with more volatile population
dynamics are differentially impacted
by weather
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Iprogram in Ecology, Evolution, and Conservation Biology, Department of Biology, University of Nevada,
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2Department of Biology, Texas State University, San Marcos, TX, USA

SCenter for Population Biology, University of California, Davis, CA, USA

Climatic variation has been invoked as an explanation of population dynamics
for a variety of taxa. Much work investigating the link between climatic for-
cings and population fluctuation uses single-taxon case studies. Here, we
conduct comparative analyses of a multi-decadal dataset describing popu-
lation dynamics of 50 co-occurring butterfly species at 10 sites in Northern
California. Specifically, we explore the potential commonality of response to
weather among species that encompass a gradient of population dynamics
via a hierarchical Bayesian modelling framework. Results of this analysis
demonstrate that certain weather conditions impact volatile, or irruptive,
species differently as compared with relatively stable species. Notably, precipi-
tation-related variables, including indices of the El Nifio Southern Oscillation,
have a more pronounced impact on the most volatile species. We hypothesize
that these variables influence vegetation resource availability, and thus
indirectly influence population dynamics of volatile taxa. As one of the first
studies to show a common influence of weather among taxa with similar popu-
lation dynamics, the results presented here suggest new lines of research in the
field of biotic—abiotic interactions.

1. Introduction

The mechanisms that determine population dynamics have enjoyed a great deal
of attention from ecologists, primarily in the form of a lengthy debate about
the relative roles of density-dependent and density-independent processes
in determining observed dynamics (e.g. [1-4]). This dialogue has resulted in
widespread appreciation for the importance of both classes of processes. For
example, the importance of climatic variation as a density-independent driver
of population dynamics is now an amply supported tenet of population
ecology, particularly for short-lived invertebrates with high vital rates
(e.g. [5—15]). The link between weather and population dynamics has received
renewed interest in recent decades because of the pressing need to predict
organismal responses to climate change [12].

Much work documenting the influence of weather on population dynamics
does go through examination of single-taxon-by-weather interactions (e.g.
[2/4,5]). Inferences made from these analyses, while informative, are necessarily
limited to the taxon under examination. Comparative analyses describing
common responses to weather across taxa are relatively rare and have typically
sought to identify similar responses to climatic variation among taxa grouped
by shared morphology or life-history traits [6,8,11]. Here we take an unusual
approach and index species in terms of population dynamics to search for
common responses to weather across a spectrum of population volatility.

© 2015 The Author(s) Published by the Royal Society. Al rights reserved.
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Figure 1. Map of study locations in Northern California, USA. Fifty butterfly species occurring at these locations were ranked by average population volatility. Inset
are interannual time series showing the variation in population dynamics encompassed by these species. (a) Vanessa cardui was ranked the most volatile species;
(b) Brephidium exile, the tenth most volatile and (c) Pieris rapae, the 49th most volatile. Time series constructed using count data from the five low-elevation sites.

[llustrations: M.F.

Specifically, we use data describing population dynamics of
50 co-occurring butterfly species to ask: do species exhibiting
similar population dynamics also exhibit a commonality of
response to certain weather variables? An affirmative answer
to this question can be predicted based on the oft-documented
limitation of herbivorous insects by vegetation resource
availability [2,4,7,10,13]. Weather may influence vegetation in
terms of quality (i.e. new growth, flowering), phenology and
quantity [2,4,5]. Consequently, weather may indirectly limit
population size for herbivorous insects. Furthermore, the high
vital rates of many insects allow them to quickly respond to
weather-induced changes in vegetation, in effect ‘tracking’ veg-
etation resources; in some cases this may lead to ‘overshooting’
carrying capacity and subsequent rapid decline [7,10,13].
Thus, we reason, relatively volatile insect species might show
a commonality of response to those weather conditions that
particularly influence vegetation resources (e.g. heavy rainfall
or drought). On the other hand, comparatively stable insect
species should be less influenced by weather, because of

RSBL20140792—27/1/15—20:41-Copy Edited by: Vinithalakshmi J.R.

either intrinsic causes (e.g. low vital rates) that preclude “track-
ing’ resource change, or because their population sizes
are primarily limited by some other factor besides resource
availability (e.g. natural enemies). An alternative, or null,
expectation is widespread species-specific responses to
weather, resulting in few detectable patterns across taxa.

Our analyses use a multi-decadal, single observer dataset
collected at 10 locations in Northern California comprised
abundances and presence/absence data for butterflies.
These data have previously been used to explore species-
specific responses to weather at a single site [9] and document
widespread declines across taxa [14]. We used these data to
rank species in terms of volatility, from those with relatively
stable populations to those exhibiting high interannual vari-
ation in density (study locations and example population
histories in figure 1). Here we present analyses comparing
the relative influence of weather across this spectrum of vola-
tility to illuminate potential common responses to weather
among volatile species.
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2. Material and methods

The butterfly population data spans more than three decades
(observations begin in 1972-1988, depending on the site; elec-
tronic supplementary material, table S1) and were collected by
AMS. at 10 locations (figure 1), including multiple habitat
types and encompassing an altitudinal gradient. Sites were
visited every two weeks and detections (henceforth ‘day posi-
tives’) of butterfly species compiled for all sites and all years.
Additionally, since 1999, counts of individuals have been col-
lected at the low-elevation sites. The count data were used to
calculate the coefficient of variation (CV) in abundance for each
species resident at more than one site, and for which at least
100 individuals were observed over the course of the study
(50 species). CV was then used as an index to rank species by
relative population volatility (henceforth ‘rank volatility’).
Although species likely differ in detectability, any such differ-
ences do not appear to affect our analyses, as rank volatility
was not correlated with overall abundance (e.g. very rare or
abundant species are not outliers in term of volatility; see
electronic supplementary material). Nonparametric analyses
(Kruskal-Wallis tests and Spearman’s rho) were used to investi-
gate relationships between rank volatility and life-history traits.
Traits examined included many of those commonly used to
group butterflies including geographical range, wingspan, vol-
tinism, overwintering life-history stage and host breadth. All
life-history information was regionally specific.

The impact of climate on each species was examined via hier-
archical Bayesian analysis in order to model the transect-wide
influence of model variables through the utilization of site-
specific weather data [9,15]. The model fit a binomial response
consisting of the proportion of day positives to visits for a
given year, thus accounting for variation in sampling effort
among years. A separate model was constructed for each species.
Model terms included site-specific, seasonal mean maximum
and mean minimum temperatures and precipitation, year (to
examine interannual population change) and annual indices of
the El Niho Southern Oscillation (ENSO) [16]. For these sites
and species, day positives are an effective index of abundance
[17]. Day positives rather than counts were used for these ana-
lyses as the latter are useful for quantifying variation, but are
limited to the years since 1999.

Analyses produced posterior probability distributions (PPDs)
for species-specific regression coefficients describing the impacts
of weather variables. Means from PPDs were used as point
estimates of abiotic effects (means are appropriate given symmetri-
cal PPDs). PPDs were also used to test for differential impacts of
weather across rank volatility. To accomplish this, we calculated
the correlation between PPD samples output by every iteration
of the PPD sampling algorithm and rank volatility (Pearson’s 7).
Correlation coefficients generated were tabulated, and the result-
ing frequency distributions examined, to assess the differential
impact of weather across the spectrum of rank volatility while
retaining uncertainty associated with PPD estimates.

To account for potential phylogenetic non-independence of
species-specific results, we calculated phylogenetic independent
contrasts [18] and used contrast-corrected data to repeat all
analyses. Corrected data described non-normal distributions;
consequently, Spearman’s rank correlation was used to examine
the relationship between those data and rank volatility.

3. Results

Our analysis successfully provided insight into the relation-
ship between climatic variation and population dynamics for
each species examined (electronic supplementary material,
table S2). Species-specific parameter estimates varied widely,
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however, several trends in the impact of model variables were
noted. First, for most species, increased winter and spring pre-
cipitation negatively impacted day positives, while increased
summer precipitation had the opposite effect. Second, almost
every species examined appeared to be in decline.

Iterative correlation of rank volatility with samples represent-
ing PPDs for each model variable showed that certain variables
differentially impacted more volatile species (figure 2; electronic
supplementary material, table S3). Climate conditions with a
high certainty of differentially and negatively impacting volatile
species included: warmer mean minimum temperatures in the
spring and autumn, warmer mean maximum temperatures in
the winter, and heavier winter precipitation. Conditions that dif-
ferentially and positively impacted volatile species included:
warmer summer mean minimum temperatures, wetter springs
and summers, and more marked ENSO events.

Rank-based correlation was used to repeat analyses using
data corrected for phylogenetic autocorrelation. Analyses
using corrected data showed similar directionality and relative
correlation strength as uncorrected data examined using either
rank-based or parametric correlation (electronic supplemen-
tary material, tables S3 and S4). Life-history variables were
not significantly correlated with rank volatility.

4. Discussion

Our analysis demonstrated, with high certainty, differential
impacts across rank volatility for 9 of the 14 weather variables
examined (figure 2). With somewhat less certainty, rank vola-
tility was associated with four of the remaining weather
variables. Given that population trajectories of volatile species
are by definition quite variable, we might expect statistical
power to be inflated for these species. Thus, it is possible that
heightened responsiveness to weather is simply more readily
detected for volatile species relative to stable species. However,
the commonality of response among volatile species to weather
our analyses demonstrate would not be expected based solely
on scaling volatility and statistical power.

Precipitation variables, in particular, showed dissimilar
responses between volatile and stable species. For example,
of variables considered, ENSO indices showed the greatest
differential positive impact on volatile species. In Northern
California, the ENSO causes unusual precipitation patterns
[19]. Seasonal and local precipitation variables also differen-
tially impacted volatile species during every season (less so
for autumn compared with other seasons). Precipitation
impacts host and nectar plant abundance, and may be a pri-
mary driver of vegetation resource availability, particularly in
the water-limited Californian climate. In previous analyses of
long-term data of butterfly populations subject to differing
climate regimes, precipitation was also identified as a salient
factor affecting butterfly abundance [9,11]. While correlative,
our analyses add to existing work suggesting the possibility
of ubiquitous indirect population limitation in insects
through impacts of precipitation on host plants [4,5,7,10].

Understanding the effect of temperature variation on but-
terfly population dynamics is more challenging. Temperature
may impact insects in numerous ways, both directly via phys-
iological or behavioural changes, and indirectly through
influencing interspecific interactions [20,21]. While tempera-
ture patterns in our results were less apparent, for many
taxa we saw a change in sign between effects of maximum
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Figure 2. Rank volatility is plotted against species-specific point estimates (open circles) of regression coefficients describing the impact of model variables.
Correlation coefficients describe the differential impact of each variable across the spectrum of volatility. This illustrates which weather variables influence volatile
species differently than stable species. The variables ‘"MEI PC1” and ‘MEI PC2’ are composite variables that act as indices of the EI Nifio Southern Oscillation. Trendlines
(solid) and zero lines (dotted, showing where coefficients are equal to zero) are plotted for visualization.

and minimum temperatures in at least one season. For
instance, Poanes melane was positively impacted by warmer
minimum spring temperatures, but negatively impacted by
warmer maximum spring temperatures. Given that maxi-
mum and minimum temperatures are changing at differing
rates [22,23], this pattern demonstrates the importance of con-
sidering both variables in explorations of how climate change
may impact organisms, as opposed to basing predictions
solely on average temperatures.

In conclusion, our analyses used unparalleled data on
western North American butterflies to show that species dif-
fering in terms of population dynamics may also predictably
differ in their relationships with weather. Our results suggest
a perspective that should be added to the usual search for
common responses to weather among taxa grouped by natu-
ral history or life-history attributes. Future studies at larger

References

geographical scales and of additional taxonomic groups
could adopt this perspective to determine the generality of
common responses to weather among volatile taxa.

Data accessibility. Butterfly population data are available at Art Shapiro’s
butterfly site (http://butterfly.ucdavis.edu/). Climate data obtained
from PRISM Climate Group (http://prismmap.nacse.org/nn/).
Acknowledgements. Thanks to Timothy Harrison for computational
assistance, and to Jim Cronin and several anonymous reviewers for
comments on a previous version of this manuscript.

Author contributions. Study design: J.G.H., M.L.E.,, AM.S. Data collection
and analysis: AM.S,, ].G.H., AEE, M.LE, ].PJ., C.C.N. Manuscript
preparation: ].G.H., AEE., M.LE, ].P]., CCN. AM.S.

Funding statement. The Forister Lab was supported by the National
Science Foundation (DEB-1050726).

Competing interests. We have no competing interests

distribution and trends in British butterflies. Biol.

1. Brook BW, Bradshaw CJ. 2006 Strength of

evidence for density dependence in abundance time
series of 1198 species. Ecology 87, 1445—1451.
(doi:10.1890/0012-9658(2006)87(1445:SOEFDD]
2.0.00,2)

Davidson J, Andrewartha HG. 1948 The influence of
rainfall, evaporation and atmospheric temperature
on fluctuations in the size of a natural population of
Thrips imaginis (Thysanoptera). J. Anim. Ecol. 17,
200-222. (doi:10.2307/1485)

Turchin P. 1995 Population regulation: old
arguments and a new synthesis. In Population

dynamics: new approaches and synthesis,

pp. 19—40. San Diego, CA: Academic Press.
White TCR. 2008 The role of food, weather and
climate in limiting the abundance of animals. Biol.
Rev. 83, 227-248. (doi:10.1111/}.1469-185X.2008.
00041.x)

Boggs CL, Inouye DW. 2012 A single climate driver
has direct and indirect effects on insect population
dynamics. Ecol. Lett. 15, 502—508. (doi:10.1111/j.
1461-0248.2012.01766.%)

Dapporto L, Dennis LH. 2013 The generalist-
specialist continuum: testing predictions for

RSBL20140792—27/1/15—20:41-Copy Edited by: Vinithalakshmi J.R.

8.

Conserv. 157, 229—236. (doi:1016/j.biocon.2012.
09.016)

Dempster JP, Pollard E. 1981 Fluctuations in
resource availability and insect populations.
Oecologia 50, 412—416. (doi:10.1007/BF00344984)
Diamond SE, Frame AM, Martin RA, Buckley LB.
2011 Species’ traits predict phenological responses
to climate change in butterflies. Ecology 92,
1005-1012. (doi:10.1890/10-1594.1)

Nice CC, Forister ML, Gompert Z, Fordyce JA,
Shapiro AM. 2014 A hierarchical perspective

26L0vL0Z Ha7 ‘Joig  biobuysijgndKianosjedos|qs H


http://butterfly.ucdavis.edu/
http://butterfly.ucdavis.edu/
http://prismmap.nacse.org/nn/
http://prismmap.nacse.org/nn/
http://dx.doi.org/10.1890/0012-9658(2006)87[1445:SOEFDD]2.0.CO;2
http://dx.doi.org/10.1890/0012-9658(2006)87[1445:SOEFDD]2.0.CO;2
http://dx.doi.org/10.2307/1485
http://dx.doi.org/10.1111/j.1469-185X.2008.00041.x
http://dx.doi.org/10.1111/j.1469-185X.2008.00041.x
http://dx.doi.org/10.1111/j.1461-0248.2012.01766.x
http://dx.doi.org/10.1111/j.1461-0248.2012.01766.x
http://dx.doi.org/1016/j.biocon.2012.09.016
http://dx.doi.org/1016/j.biocon.2012.09.016
http://dx.doi.org/10.1007/BF00344984
http://dx.doi.org/10.1890/10-1594.1

253
254
255
256

257 10.

258
259
260
261

262 1.

263
264
265
266

26002 12.

268
269
270

271 13

272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315

on the diversity of butterfly species’ responses to
weather across 38 years in the high Sierra Nevada
mountains. Ecology 95, 2155—2168. (doi:10.1890/
13-1227.1)

Ohgushi T. 1992 Resource limitation on insect
herbivore populations. In Effects of resource
distribution on animal—plant interactions (eds

M Hunter, T Ohgushi, P Price), pp. 199-241.

San Diego, USA: Academic press.

Roy DB, Rothery P, Moss D, Pollard E, Thomas JA.
2001 Butterfly numbers and weather: predicting
historical trends in abundance and the future effects
of climate change. J. Anim. Ecol. 70, 201-217.
(doi:10.1111/}.1365-2656.2001.00480.x)

Stenseth NC, Mysterud A, Ottersen G, Hurrell JW,
Chan KS, Lima M. 2002 Ecological effects of climate
fluctuations. Science 297, 1292—1296. (doi:10.
1126/science.1071281)

Wallner WE. 1987 Factors affecting insect
population dynamics: differences between

14.

15.

16.

17.

outbreak and non-outbreak species. Ann. Rev.
Entomol. 32, 317-340. (doi:10.1146/annurev.ento.
32.1317)

Forister ML, Jahner JP, Casner KL, Wilson JS, Shapiro
AM. 2011 The race is not to the swift: long-term
data reveal pervasive declines in California’s low-
elevation butterfly fauna. Ecology 92, 2222-2235.
(doi:10.1890/11-0382.1)

Plummer M. 2013 rjags: Bayesian graphical models
using MCMC. R package v. 3—11. See http:/CRAN.
R-project.org/package=rjags.

Wolter K, Timlin MS. 1993 Monitoring ENSO in
(OADS with a seasonally adjusted principal
component index. In Proc. 17th (limate Diagnostic,
pp. 52-57.

Casner KL, Forister ML, Ram K, Shapiro AM. 2014
The utility of repeated presence data as a surrogate
for counts: a case study using butterflies. J. Insect
Conserv. 18, 13—27. (doi:10.1007/s10841-013-
9610-8)

RSBL20140792—27/1/15—20:41-Copy Edited by: Vinithalakshmi J.R.

18.

19.

20.

21.

22.

23.

Felsenstein J. 1985 Phylogenies and the comparative “

method. Am. Nat. 125, 1-15. (doi:10.2307/2461605)
Schonher T, Nicholson SE. 1989 The relationship
between California rainfall and ENSO events. J. (lim.
2, 1258-1269. (doi:10.1175/1520-0442(1989)

002 <<1258:TRBCRA>>2.0.(0:2)

Roy DB, Sparks TH. 2000 Phenology of British
butterflies and climate change. Glob. Change Biol. 6,
407 —416. (doi:10.1046/j.1365-2486.2000.00322.x)
Kingsolver JG. 1989 Weather and the population
dynamics of insects: integrating physiological and
population ecology. Phys. Zool. 62, 314—334.
LaDochy S, Medina R, Patzert W. 2007 Recent
(alifornia climate variability: spatial and temporal
patterns in temperature trends. Clim. Res. 33,
159-169. (doi:10.3354/cr033159)

Karl TR et al. 1993 Asymmetric trends of daily
maximum and minimum temperature. Bull. Am.
Meteorol. Soc. 74, 1007—1023. (doi:10.1175/1520-
0477(1993)074<<1007:ANPORG>2.0.€0;2)

26L07107 a7 ‘joig  biobuiysijgndizposiefor|qss


http://dx.doi.org/10.1890/13-1227.1
http://dx.doi.org/10.1890/13-1227.1
http://dx.doi.org/10.1111/j.1365-2656.2001.00480.x
http://dx.doi.org/10.1126/science.1071281
http://dx.doi.org/10.1126/science.1071281
http://dx.doi.org/10.1146/annurev.ento.32.1.317
http://dx.doi.org/10.1146/annurev.ento.32.1.317
http://dx.doi.org/10.1890/11-0382.1
http://CRAN.R-project.org/package=rjags
http://CRAN.R-project.org/package=rjags
http://CRAN.R-project.org/package=rjags
http://dx.doi.org/10.1007/s10841-013-9610-8
http://dx.doi.org/10.1007/s10841-013-9610-8
http://dx.doi.org/10.2307/2461605
http://dx.doi.org/10.1175/1520-0442(1989)002%3C1258:TRBCRA%3E2.0.CO:2
http://dx.doi.org/10.1175/1520-0442(1989)002%3C1258:TRBCRA%3E2.0.CO:2
http://dx.doi.org/10.1175/1520-0442(1989)002%3C1258:TRBCRA%3E2.0.CO:2
http://dx.doi.org/10.1175/1520-0442(1989)002%3C1258:TRBCRA%3E2.0.CO:2
http://dx.doi.org/10.1175/1520-0442(1989)002%3C1258:TRBCRA%3E2.0.CO:2
http://dx.doi.org/10.1175/1520-0442(1989)002%3C1258:TRBCRA%3E2.0.CO:2
http://dx.doi.org/10.1175/1520-0442(1989)002%3C1258:TRBCRA%3E2.0.CO:2
http://dx.doi.org/10.1046/j.1365-2486.2000.00322.x
http://dx.doi.org/10.3354/cr033159
http://dx.doi.org/10.1175/1520-0477(1993)074%3C1007:ANPORG%3E2.0.CO;2
http://dx.doi.org/10.1175/1520-0477(1993)074%3C1007:ANPORG%3E2.0.CO;2
http://dx.doi.org/10.1175/1520-0477(1993)074%3C1007:ANPORG%3E2.0.CO;2
http://dx.doi.org/10.1175/1520-0477(1993)074%3C1007:ANPORG%3E2.0.CO;2
http://dx.doi.org/10.1175/1520-0477(1993)074%3C1007:ANPORG%3E2.0.CO;2
http://dx.doi.org/10.1175/1520-0477(1993)074%3C1007:ANPORG%3E2.0.CO;2
http://dx.doi.org/10.1175/1520-0477(1993)074%3C1007:ANPORG%3E2.0.CO;2



