Ecological Stoichiometry
@

Definition

Ecological stoichiometry considers how nutritional needs of organisms for basic body-building
molecules shape their ecology. It asks how nutritional demands of organisms and supply of nutrients
in their environments affects organisms growth, their interactions with the biotic and abiotic worlds
and nutrient cycling in whole ecosystem.

1. Introduction

The quality of food resources is crucial for animal growth, development and population
dynamics. Therefore, limitations are posed on organisms because of food scarcity in specific nutrients.
These limitations may shape ecological interactions and affect cycling of nutrients in the ecosystem. To
better understand nutrient cycling driven by nutritional constraints posed on organisms, their
communities and populations the ecological stoichiometry framework was developed (Figure 1). This
research framework capitalizes on organisms to be composed of identical building blocks - atoms of
chemical elements - even though they build remarkable diversity of organic molecules having diverse
functions 1231, puring growth and development organisms assimilate all the building blocks needed to
compose the adult body. The body is built of atoms in taxonomically specific proportion known as the
organismal stoichiometry!2l, The demand for resources gathered during juvenile growth is reflected in
organismal stoichiometry of adult body and stoichiometric mismatch (Figure 2) may occur between the
atomic composition of the body and food!X4], Even toxic effects may in fact be caused by such
stoichiometric mismatch rather than true toxic substances!2!,
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Figure 1. The balance of energy and matter affects and is affected by organisms and their interactions in
an ecosystem.
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STOICHIOMETRIC MISMATCH = LIMITED GROWTH AND DEVELOPMENT

Figure 2 Consumers that feed on nutritionally poor food (e.g. plant matter) consume a pre-packaged
ratio of atoms. For herbivores the food contains more C relative to other atoms, so these organisms must
manage a diet with excess C that presents a stoichiometric mismatch that limits their growth and
development. The mismatch is further increased by unbalanced relation between non-C elements
(exceptional scarcity of some of them).



2. History

The framework of ecological stoichiometry was envisioned in the works of Wiernadskil®llZl, Liebig, Playfair
and Websterl8l, Lotkal?], Tiiman1% and Reiners!1l]; postulated explicitly as a fruitful approach by Sterner
and Hessenl12l, Elser et al. [131114115]: 3nd described in detail in the seminal book of Sterner and Elser],
The synthesis written by Sterner and Hessen[12l, which focuses on nutrient limitations of aquatic
herbivores, was recognized as a landmark paper that stimulated ecologists to broaden the understanding
of producer-consumer interactions while considering ecological stoichiometry[18l, The essential ideas and
living-systems characteristics of ecological stoichiometry are as follows: (1) the law of conservation of
mass and immutable atoms flowing through the food chain; (2) the capability of living organisms to
transform organic substances; (3) stoichiometric stability (“homeostasis”), in which every species has a
unique composition of chemical elements in the body tissues, with heterotrophs showing a lower level of
variability than autotrophs; and (4) consumer-driven nutrient recycling (CNR), in which the flow of matter
through the food chain is regulated by the elemental body composition of species, thereby composing
particular links in the chainl14],

3. Current status

It was noted recently that it is easier to find in the scientific literature a population's genome than its
elemental composition1Z], At the same time, the concept of stoichiometric niche was introduced and
defined as the region of multivariate niche space occupied by a group of individuals where the axes
represent their elemental content28112] |f 3 consumer is unable to find food that fits its stoichiometric
niche, a limitation will be imposed on its growth and development that negatively influences its fitness,
and the entire population may be negatively impacted in this way[2ll2], In this way all consumers,
especially herbivores, are faced with a high threshold of stoichiometric incompatibility between the
chemical composition of their tissues and their food (Fig. 2). Ecological stoichiometry raises questions
concerning the strategies of crossing this threshold (the advantages and costs involved) and how these
strategies affect the structure of communities and ecosystem functioning. The strategies for crossing
stoichiometric thresholds are still poorly understood.

The atoms of chemical elements build the tissues and bodies of organisms in various proportions. This
fact is crucial for ecological interactions and may shape the functioning of entire ecosystems(1ll20], The
most fundamental feature of the elements, enabling their use in ecological stoichiometry, is that specific
atoms cannot be transformed into different atoms by the organism. This feature distinguishes atoms from
organic compounds. Within this context, ecological stoichiometry provides a common currency that links
the ecology of organisms to life history trade-offs and evolutionary processes entrenched in the
biogeochemical economy of lifel2l. This currency is the ratio of atoms that compose the bodies of
organisms and their food[%],

To date, ecological stoichiometry has provided data on elemental composition patterns in different trophic
levels, with non-C element body contents tending to be the lowest in autotrophs, relatively low in
herbivores and the highest in predators. Stoichiometric homeostasis has been shown be weaker in
autotrophs and stronger in heterotrophs!l]. Ecological stoichiometry has also revealed stoichiometric
mismatches at various trophic levels and has elucidated nutrient cycling in food webs!111201(21] However,
these studies were conducted almost exclusively in aquatic ecosystems!221(231[241[25]26] Recent studies
have researched nutrient cycling in soil ecosystems and the relationship between stoichiometry and
biodiversity [2Z1[281(29]30][31]132] ' 3nd considerable efforts have been made in the field of consumer-driven
nutrient recycling theory (e.g., [3311341[351(36]) Nevertheless, much still needs to be done, since only C, N
and P have been studied in this respect (e.g., [37]; see [23] for a review). Notwithstanding, multielemental
ecological stoichiometry approach has been used to explain the paradox of the efficient life strategy of
wood eaters!38], to show the role of pollen in nutrient cycling®?), to learn about sex differences in
stoichiometric phenotypes and stoichiometric niches!#?!, to gain new knowledge about nutritional ecology
of western honey beel4ll and to develop effective strategies for wild bee conservation!421143],
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