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Climate change and an invasive, tropical milkweed:
an ecological trap for monarch butterflies
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Abstract. While it is well established that climate change affects species distributions and abun-
dances, the impacts of climate change on species interactions has not been e, tensivel _studied. This is
particularl important for specialists whose interactions are tightl linked, such as bétween the mon-
arch butteffl (Danaus plexippus) and the plant genus Asclepias, h which it depends. We used open-
top chambef§ (OTCs) to increase temperatures in e, perimental plots and placed either nonnative
Asclepias curassavica or native A. incarnata in each plot along with monarch larvae. We found, under
current climatic conditions, adult monarchs had higher survival and mass when feeding on A. curas-
savica. However, under future conditions, monarchs fared much worse on A. curassavica. The
decrease in adult survival and mass was associated with increasing cardenolide concentrations under
warmer temperatures. Increased temperatures alone reduced monarch forewing length. Cardenolide
concentrations in A. curassavica ma_ have transitioned from beneficial to detrimental as temperature
increased. Thus, the increasing cardénolide concentrations ma_ have pushed the larvae over a tipping
point into an ecological trap; whereb_ past environmental cue§ associated with increased fitness give
misleading information. Given the ubiquit_ of specialist plant-herbivore interactions, the potential for

such ecological traps to emerge as temperafures increase ma,_ have far-reaching consequences.
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INTRODUCTION

As global temperatures continue to rise, species ma.
respond to climate change in a variet ofwa,_ s. For instance,
species ma_ shift their distributions™b_ migrating to unaf-
fected or éflimaticall\ similar areas (Parmesan and Yohe
2003, Morij et al. 2008). Alternativel , species ma_undergo
phenot pic" change that amelioratés negative™ climate-
induced impacts or takes advantage of potential positive
effects (i.e., increase in population growth at higher lati-
tudes; Schlaepfer et al. 2002, Deutsch et al. 2008, Angilletta
2009). Regardless of the mechanism, climate change research
has often focused on the responses of single species to
changes in global climate. While this research provides valu-
able insight into the effects of global warming on generalist
consumers, the impacts of climate change on dietar_ special-
ists are not as readil apparent (Gough et al. 2015)7 Thus, it
has become increasiffgl,\ recognj ed that species interactions,
especiall  interactions etween ightl packed species, need
to be comisidered mhen tr_ing to understand the full impacts
of climate change on ecological d namics (O’Connor et al.
2012, Urban et al. 2013, Elderd and Reill 2014).
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Whenever rapid environmental change reduces the qualit_
of an organism’s habitat, including the qualit_ of its dief]
there is potential for the species to be caught in An ecological
trap (Schlaepfer et al. 2002, Battin 2004). Ecological traps
occur when organisms make maladaptive habitat choices
and/or e, perience negative phenot pic responses based on
environmental cues that once correlated positivel with
habitat qualit_ and/or evolutionaril stable phenot_ pic traits
(Schlaepfer et al. 2002, Robertson and Hutto 2006). In an
altered environment, formerl _reliable signals ma_no longer
correspond to positive adaptive outcomes and thé organism
becomes “trapped” b their responses. This ma_ result in a
decline in fitness (Schlaepfer et al. 2002, Van™D ck et al.
2015). Ecological traps due to anthropogenic actions have
become increasingl prevalent. For e, ample, off the coast of
Western Africa, climate-change-induced environmental vari-
abilit_ and overfishing have created cool, chloroph 1l dense
waters, usuall  indicative of health fish populations, that
are devoid of Tish (Sherle_ et al. 2017). This has created an
ecological trap for endangered African penguins, mhich use
chloroph 1I densit_as an indicator of good fishing grounds
(Sherle €t al. 2017). However, effects of climate change on
species interactions that generate ecological traps represent
a recognj ed but surprisingl little-studied problem (Urban
et al. 2013). For herbivores, and particularl  specialists,
rapid changes in the qualit of their plant hosts under
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environmental change ma_ generate ecological traps if the
plants upon which the relir become unsuitable.

Man_ specialists feéd either on a single plant species or
multiplé species within a single genus, and an herbivore’s fit-
ness ma_ var_depending upon the t_pe of species and qual-
it of the species being consumed (Ali and Agrawal 2012).
For instance, the monarch butterfl (Danaus plexippus) feeds
almost e, clusivel on milkmweed S spe01es wiithin the genus
Asclepias. Ascleplas species var_widel in their production
of cardenolides, secondar, chemiical défenses that the mon-
arch sequesters as an anti-predator (Brower et al. 1967) or
an anti-parasite defense (de Roode et al. 2008). Further-
more, Asclepias species differ in late; production (Agramal
and Konno 2009), ph sical defenses, leaf morpholog  (Agra-
wal et al. 2009a), and] phenologies (Woodson 1954). Tndivid-
ual monarch fitness varies non-linearl wvith cardenolide
production, where more toyic milkweeds confer a greater
defense against predators, but can be too toyic to monarchs
at high of concentrations, such that intermediate levels result
in higher fitness (Malcolm 1994, Sternberg et al. 2012).
Consequentl , an_ changes, either positive or negative, to
milkweed ch’émist'f\ due to global warming could have cor-
responding indirect'effects on monarch performance.

Even if plant qualit_is unaffected b_ increased tempera-
tures, monarch ph siérlog;\, developmént, and cardenolide
metabolism ma, change with different temperatures. Mon-



at 28°C. The seedswere sown in a miy ture of Sun Gro profes-
sional growing soil (Sun Gro, Seba Beach, AB, Canada), ver-
miculite, and Scotts 14-14-14 osmocote fertili er (The Scotts
Compan , Mar sville, OH, USA). At the time of the e, peri-
ment, thé' individual milkweed plantswere 4 months old.

Experimental setup

Experimental design.— We conducted a full_factorial e, per-
iment to e; amine how increased temperatute and milkweed
species identit  affect monarch growth and development.
We crossed ambient vs. elevated temperature with the two
milkweed species (A. incarnata and A. curassavica), and we
established 10 replicates of each of the four treatments. To
warm the e, perimental sites, we constructed open-top cham-
bers (OTCs; Godfree et al. 2011, Elderd and Reill  2014).
OTCswere constructed with ple, iglass plates (Solar Compo-
nents Corporation, Manchester, New Hampshire, USA)
that slant inward to focus solar energ_within the plot (God-
free et al. 2011). A single, he, agonal’ OTC consisted of siy
trape‘. oidal sections attached with fencing brackets and PVC
piping. Each trapﬁL oidal section was supported b a thin,
wooden skeleton spanning the outer edges, and was covered



the internal standard (digitoyin) and the estimated sample
mass.

Statistical analysis



A. curassavica produced a five times greater variet of
cardenolides than did A. incarnata (PerMANOGVA,
Fiss = 28.7645, P = 0.001), with cardenolide composition
changing significantl over time (PerMANOVA, Fss=
21.7170, P = 0.001). The temporal changes in cardenolide
composition were more variable among individual A. incar-
nata



breeding niches for monarch butterflies northward (Batalden
et al. 2007), and current winter range ma_ become inade-
quate for monarchs due to increased cool weather precipita-
tion (Oberhauser and Peterson 2003). Furthermore,
predicted northward shifts of Asclepias sp. into Canada ma_
lead to northward shifts in monarch summer distributions
(Lemoine 2015). Understanding changes in host plant distri-
butions for tightl coupled, insect—plant interactions (e.g.,
the monarch-milkweed s_stem) is crucial, but understanding
changes in host resource aualit;\ is equall important to con-
sider. Other environmental drivers ma_ also influence these
interactions, including water availabilit” "(Andrews and Hun-
ter 2015), nutrient deposition, (Zehnder and Hunter 2008,
Tao et al. 2014), and elevated atmospheric concentrations of
carbon diogide (Vannette and Hunter 2014). Biotic interac-
tions with other species ma_ also need to be considered. For
egample, -



and improve sequestered defenses. Our e, periments ma_ have
imposed a substantial stress on milkweeds, potentiall inducing
changes in foliar qualit_ different from those that ma_ accom-
pan_ more gradual climate change. However, in addition to
incréases in average annual temperature, climate models predict
concomitant increases in climatic variabilit , including a higher
frequenc  of heat waves (Karl et al. 2009)."Higher annual tem-
peratures and more frequent heat waves ma_ combine to inten-
sif the ecological trap that results from elevated cardenolide
colcentrations in A. curassavica. Ultimatel , the combination
of direct and indirect effects of multiple drivers will determine
the overall effects of environmental change on monarchs and
their milkwweed hosts. Nonetheless, warming alone appears suffi-
cient to generate an ecological trap for the populations of
monarchs feeding on A. curassavica.

In general, research continues to show the importance of
indirect effects in determining how species respond to climate
change (O’Connor et al. 2012, Elderd and Reill 2014, Cerrato
et al. 2016). The direction and the strength of siich interactions
ma_ have important fitness consequences regardless of whether
or not individual species are consigned to an ecological trap.
Homvever, there is generall a temperature optimum at which
individual fitness is may i 3 ed (Angilletta 2009). If that opti-
mum is surpassed as the Earth warms (Deutsch et al. 2008), the
species ma_ eventuall fall into a trap. Given current trends in
planting of A. curassavica to alleviate habitat loss, best garden-
ing practices should be reevaluated to reinforce the notion that
native milkweed species should be preferentiall planted. Addi-
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