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LETTER TO THE EDITOR

In a Warming World: Sarracenia as a Possible

Model for Range Shift Dynamics and Conserva-

tion Highlights Need for Additional Population
Genomics Research.

Whether they sport rapidly snapping traps, elegant pitchers with plump peristomes, or sticky, ten-
tacular adhesive leaves, the botanical carnivores are often described as charismatic plants in a world
where plants are seldom described as such. In fact, carnivorous plants have become the subject
of interest to an entire hobby industry of cultivators, enthusiasts, and ex situ conservationists
(Mellichamp and Gardner 1987; Mellichamp 2008). Indeed, far from simply being botanical quirks,
these plants represent important ecological and evolutionary model systems. Perhaps most obviously,
botanical carnivory is compelling in its own right, made even more interesting by its multiple inde-
pendent origins (Pavlovi¢ and Saganova 2015). In this case, each independent evolutionary origin tells
its own story, while weaving together a greater, collective tale about convergent evolution. Studying
these systems generates high-order taxonomic insights about convergence among families (Thorogood
et al. 2018; Wheeler and Carstens 2018), while also discovering within-genus convergence, such as
recently described in two species of Nepenthes (Chomicki et al. 2024). The genus Sarracenia, more
specifically, provides a significant challenge in our understanding of inter- and intraspecific rela-
tionships. The genus radiated recently and is prone to hybridization coupled with subsequent intro-
gression (for example, Furches et al. 2013), which can obscure phylogenetic signals and challenge
our evolutionary models. This makes Sarracenia an excellent model not only for refining existing
phylogenetic analyses but also for understanding the ongoing role of hybridization and introgres-
sion on plant evolution. A proper understanding of the subgeneric taxonomic relationships in
Sarracenia requires a population genomics approach. Others have begun this important work (for
example, Stephens et al. 2015), but no work to date has captured anything close to the infraspe-
cific variation of the genus. Population genomic techniques can be costly and analytically challenging,
but understanding these relationships can inform conservation efforts and help us understand
adaptation (Siol et al. 2010) as it relates to botanical carnivory and future range shifts. Finally,
most of these botanical carnivores, including nearly all members of the genus Sarracenia, will
serve as convenient models for studying hydrophytic species range shifts (Vila-Cabrera et al. 2019;
Hernandez-Lambrano et al. 2021) in the unfortunate face of a changing climate.

Climate change continues to present itself as one of the greatest existential threats to humanity.
The Intergovernmental Panel on Climate Change (IPCC) has diligently modeled changes to the planet
that accompany a change of +1.5°C when compared to pre-industrial levels. These changes include
ecosystem collapse, record-breaking heatwaves, food insecurity, as well as more frequent and intense
storms (Hoegh-Guldberg et al. 2018). The Paris Climate Agreement states the goal of keeping global
average temperature increase to ‘well-below 2°C’. This requires that greenhouse gas emissions must
peak before 2025 and decline significantly before 2030 (United Nations Environment Programme,
2015). While anthropogenic activities have already warmed the climate, models suggest that an addi-
tional +0.5°C to +1.0°C warming presents additional risk (Hoegh-Guldberg et al. 2019).

The exact effects of climate change will depend on region and ecosystem. Wetland ecosystems
will fare poorly, shifting location, contracting, or being swallowed by a rising ocean (Erwin, 2009).
Habitat to many rare and endangered species (Means 2006; Peet 2006), longleaf pine savannas of
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the southeastern United States are already reduced from their peak expanse of ~37 million hectares
to less than one million hectares (Frost 2006). The threat to ecosystems introduced by rapidly chang-
ing environmental conditions is likely to contribute to continued decline. The majority of longleaf
pine habitats in the southeastern United States will fare quite poorly in the face of global climate
change, as increasing summertime droughts (Ingram et al. 2013) threaten hydrophytic species native
to the mesic longleaf savannas (Van Lear et al. 2005; Sharma et al. 2020). A host of Sarracenia
and Drosera species make their home in mesic longleaf savannas of the southeastern United States
coastal plain. Will the entirety of the remaining native range of Dionaea muscipula become part of
the Atlantic ocean?

The time for remediation and research, conservation and conversation is here. The goals of empirical
research, practical in situ and ex situ conservation efforts, and fundamentally understanding global
change as an extinction-level event all intersect in the study of these weird botanical carnivores.
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Francis Marion University, Florence, SC 29502,
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Received 13 March 2024; Accepted 10 June 2024

ACKNOWLEDGMENTS

I write this piece in large part to acknowledge the passing of two eminent researchers who spent
significant portions of their careers studying Sarracenia: Larry Mellichamp (1948-2022) and
Russel L. Malmberg (1952-2023). I hope this brief collection of thoughts serves as one more symbol
that others carry on towards the same end. We are inspired, motivated, guided, and informed by
those who graciously cut a path for us. I am grateful to Carson Trexler who was willing to share
thoughts about the meaning of Larry Mellichamp’s mentorship to him. I also thank the readership
for their time.

LITERATURE CITED

Chomicki, G., G.Burin, L. Busta, J. Gozdzik, R. Jetter, B. Mortimer, and U. Bauer. 2024. Convergence
in carnivorous pitcher plants reveals a mechanism for composite trait evolution. Science 383
(6678):108-113.

Erwin, K.L. 2009. Wetlands and global climate change: the role of wetland restoration in a changing
world. Wetlands Ecol. Managem. 17:71-84.

Frost, C. 2006. History and future of the longleaf pine ecosystem. p.9-48. In: Jose, S., E.J. Jokela, and
D.L. Miller (eds.). The longleaf pine ecosystem: Ecology, silviculture, and restoration. Springer, New
York, New York.

Furches, M.S., R.L. Small, and A. Furches. 2013. Hybridization leads to interspecific gene flow in
Sarracenia (Sarraceniaceae). Amer. J. Bot. 100:2085-2091.

HernandezLambraiio, R. E., D.R. de la Cruz, and J.A.S. Agudo. 2021. Effects of the climate change
on peripheral populations of hydrophytes: A sensitivity analysis for European plant species
based on climate preferences. Sustainability 13:3147 (doi: 10.3390/sul13063147).

Hoegh-Guldberg, O., D. Jacob, M. Taylor, M. Bindi, S. Brown, I. Camilloni, A. Diedhiou, R. Djalante,
K.L. Ebi, F. Engelbrecht, J.I Guiot, Y. Hijioka, S. Mehrotra, A.Payne, S.I. Seneviratne, A. Thomas,
R. Warren, and, G. Zhou. 2018. Chapter 3: Impacts of 1.5°C global warming on natural and human
systems. p. 175-311. In: Global Warming of 1.5°C: An IPCC special report on the impacts of
global warming of 1.5°C above preindustrial levels and related global greenhouse gas emission
pathways. International Panel on Climate Change, Geneva, Switzerland.

Hoegh-Guldberg, O., D. Jacob, M. Taylor, M. Bindi, S. Brown, Camilloni, A. Diedhiou, Djalante, K.L.
Ebi, F. Engelbrecht, J.1 Guiot, Y. Hijioka, S. Mehrotra, C.W. Hope, A. Payne, H-O. Portner, S.I.
Seneviratne, A. Thomas, R. Warren, and, G. Zhou. 2019. The human imperative of stabilizing
global climate change at 1.5°C. Science 365:eaaw6974. (doi: 10.1126/science.aaw6974).


mailto:jrentsch@fmarion.edu

Rentsch, Letter to the Editor: In a Warming World m

Ingram, K.T., K. Dow, L. Carter, and J. Anderson. 2013. The effects of climate change on natural
ecosystems of the southeast USA. p.237-270. In: Ingram, K.T., K. Dow, L. Carter, and J. Anderson
(eds.). Climate of the southeast United States: Variability, change, impacts, and vulnerability. Island
Press, Washington, D.C.

Means, D.B. 2006. Vertebrate faunal diversity of longleaf pine ecosystems. p.157-213 In: Jose, S., E.J.
Jokela, and D.L. Miller (eds.). The longleaf pine ecosystem: Ecology, silviculture, and restoration.
Springer, New York, New York.

Mellichamp, T.L. 2008. The Sarracenia Pitcher Plants and Bog Gardening. Sibbaldia 6:79-99.

Mellichamp, T.L. and R. Gardner. 1987. New cultivars of Sarracenia. Carniv. Pl. Newslett. 16:39-42.

Pavlovi¢, A. and M. Saganova. 2015. A novel insight into the cost-benefit model for the evolution of
botanical carnivory. Ann. Bot. 115:1075-1092.

Peet, R. K. 2006. Ecological classification of longleaf pine woodlands. p.51-93. In: Jose, S., E.J.
Jokela, and D.L. Miller (eds.). The longleaf pine ecosystem: Ecology, silviculture, and restoration.
Springer, New York, New York.

Sharma, A., B. Cory, J. McKeithen, and J. Frazier. 2020. Structural diversity of the longleaf pine
ecosystem. Forest Ecol. Managem. 462:117987. (doi: 10.1016/j.foreco.2020.117987).

Siol, M., S.I. Wright, and S.C.H. Barrett, 2010. The population genomics of plant adaptation. New
Phytol. 188: 313-332. (doi: 10.1111/j.1469-8137.2010.03401 .x).

Stephens, J.D., W.L. Rogers, W.L., Heyduk, K., Cruse-Sanders, J.M., Determann, R.O., Glenn, T.C., et al.
(2015). Resolving phylogenetic relationships of the recently radiated carnivorous plant genus
Sarracenia using target enrichment. Molecular Phylogenetics and Evolution 85, 76-87. doi:
10.1016/j.ympev.2015.01.015

Thorogood, C. J., Bauer, U., and Hiscock, S.J. (2018). Convergent and divergent evolution in carnivo-
rous pitcher plant traps. New Phytologist 217:1035-1041. (doi: 10.1111/nph.14879).

United Nations Environment Programme (12/1). Paris Agreement. (https://wedocs.unep.org/20.
500.11822/20830, 10 June 2024).

Van Lear, D.H., Carroll, W.D., Kapeluck, P.R., and Johnson, R. (2005). History and restoration of
the longleaf pine-grassland ecosystem: Implications for species at risk. Forest Ecology and
Management 211, 150-165. doi: 10.1016/j.foreco.2005.02.014

Vila-Cabrera, A., Premoli, A.C., and Jump, A.S. (2019). Refining predictions of population decline at
species’ rear edges. Global Change Biology 25, 1549-1560. doi: 10.1111/gcb.14597

Wheeler, G.L., and Carstens, B.C. (2018). Evaluating the adaptive evolutionary convergence of car-
nivorous plant taxa through functional genomics. PeerJ 6, e4322. doi: 10.7717/peerj.4322


https://wedocs.unep.org/20.500.11822/20830
https://wedocs.unep.org/20.500.11822/20830

