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What’s a trophic niche?

Concept of ecological niche (sensu Hutchinson, 1957): 
 
A hypervolume set in n-dimensional space where each of 
the axes represents an environmental parameter 

Concluding Remarks 
G. EVELYN HUTCHINSON 

Yale University, New Haven, Connecticut 

This concluding survey1 of the problems con- 
sidered in the Symposium naturally falls into 
three sections. In the first brief section certain of 
the areas in which there is considerable difference 
in outlook are discussed with a view to ascertain- 
ing the nature of the differences in the points of 
view of workers in different parts of the field; no 
aspect of the Symposium has been more irnpor- 
tant than the reduction of areas of dispute. In 
the second section a rather detailed analysis of 
one particular problem is given, partly because 
the question, namely, the nature of the ecological 
niche and the validity of the principle of niche 
specificity has raised and continues to raise diffi- 
culties, and partly because discussion of this 
problem gives an opportunity to refer to new 
work of potential importance not otherwise con- 
sidered in the Symposium. The third section 
deals with possible directions for future research. 

In the majority of cases the time taken to 
establish the general form of the curve of growth 
of a population from initial small numbers to a 
period of stability or of decline is equivalent to 
a number of generations. If, as in the case of man, 
the demographer is himself a member of one such 
generation, his attitude regarding the nature of 
the growth is certain to be different from that of 
an investigator studying, for instance, bacteria, 
where the whole process may unfold in a few 
days, or insects, where a few months are required 
for several cycles of growth and decline. This 
difference is apparent when Hajnal's remarks 
about the uselessness of the logistic are compared 
with the almost universal practice of animal 
demographers to start thinking by making some 
suitable, if almost unconscious, modification of 
this much abused function. 

1 I wish to thank all the participants for their kindness 
in sending in advance manuscripts or information rela- 
tive t o  their contributions. All this material has been 
of great value in preparing the following remarks, though 
not all authors are mentioned individually. Where a 
contributor's name is given without a date, the reference 
is to  the contribution printed earlier in this volume. I 
am also very much indebted to the members (Dr. Jane 
Brower, Dr. Lincoln Brower, Dr. J. C. Foothills, Mr. 
Joseph Frankel, Dr .  Alan Kohn, Dr. Peter Klopfer, 
Dr.  Robert MacArthur, Dr. Gordon A. Riley, Mr. Peter 
Wangersky, and Miss Sally Wheatland) of the Seminar 
in  Advanced Ecology, held in this department during the 
past year. Anything that  is new in the present paper 
emerged from this seminar and is not to  be regarded 
specifically as an original contribution of the writer. 

The human demographer by virtue of his posi- 
tion as a slow breeding participant observer, and 
also because he is usually called on to predict for 
practical purposes what will happen in the imme- 
diate future, is inevitably interested in what 
may be called the microdemography of man. The 
significant quantities are mainly second and third 
derivatives, rates of change of natality and 
mortality and the rates of change of such rates. 
These latter to  the animal demographer might 
appear as random fluctuations which he can 
hardly hope to analyse in his experiments. What 
the animal demographer is mainly concerned with 
is the macrodemographic problem of the integral 
curve and its first derivative. He is accustomed 
to dealing with innumerable cases where the 
latter is negative, a situation that is so rare in 
human populations that it seems to be definitely 
pathological to the human demographer. Only 
when anthropology and archaeology enter the 
field of human demography does something com- 
parable to animal demography, with its broad, 
if sometimes insufficiently supported generalisa- 
tions and its fascinating problems of purely 
intellectual interest, emerge. From this point of 
view the papers of Birdsell and Braidwood are 
likely to appeal most strongly to the zoologist, 
who may want to compare the rate of spread of 
man with that considered by Kurt& (1957) for 
the hyena. 

It is quite likely that the difference that has 
just been pointed out is by no means trivial. The 
environmental variables that affect fast growing 
and slow growing populations are likely to be 
much the same, but their effect is qualitatively 
different. Famine and pestilence may reduce 
human populations greatly but they rarely deci- 
mate them in the strict sense of the word. Varia- 
tions, due to climatic factors, of insect popula- 
tions are no doubt often proportionately vastly 
greater. A long life and a long generation period 
confer a certain homeostatic property on the or- 
ganisms that possess them, though they prove 
disadvantageous when a new and powerful preda- 
tor appears. The elephant and the rhinoceros no 
longer provide models of human populations, but 
in the early Pleistocene both may have done so. 
The rapid evolution of all three groups in the face 
of a long generation time is at  least suggestive. 

I t  is evident that a difference in interest may 
underlie some of the arguments which have en- 
livened, or a t  times disgraced, discussions of this 
subject. Some of the most significant modern 
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Trophic niche study: why ?

§  Identify feeding strategies: specialists (narrow trophic niches) vs. 

generalists (wide trophic niche) 

§  Understand how trophic interactions can affect community structure 

§  Highlight diet shifts and study trophic plasticity
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Trophic niche study: why ?

•  The trophic niche concept is useful to address many fundamental 

ecological questions 

•  For decades: practical issues to provide quantitative estimates of niche 
parameters 
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Increase of trophic niche use is linked with emergence of new 
analytical and computational tools
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Trophic niche study: how?

1. δ-space plots and convex hulls 
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Position of consumers in 
the δ-space (= isospace) 

is mainly driven by 
differences in foraging 

habits and resource use
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Metrics based on these 
positions can provide 
insights about trophic 

niche
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1. δ-space plots and convex hulls 
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Geometric approach 
(Layman et al., 07): 

 
Fit a convex hull (i.e., the 
smallest possible surface 

that encompasses all 
points) to the 2D data 

 
This convex hull 

represents the isotopic 
niche of the group of 
consumers (proxy for 
their trophic niche) 
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CAN STABLE ISOTOPE RATIOS PROVIDE FOR COMMUNITY-WIDE
MEASURES OF TROPHIC STRUCTURE?
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Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.

Key words: biodiversity; diet; ecomorphology; food webs; functional groups; niche; predator–prey
interactions; trophic guild; trophic redundancy.

INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).

Manuscript received 6 April 2006; revised 3 September 2006;
accepted 15 September 2006. Corresponding Editor: J. B.
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Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.
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INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.
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INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.
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INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.

Key words: biodiversity; diet; ecomorphology; food webs; functional groups; niche; predator–prey
interactions; trophic guild; trophic redundancy.

INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.
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INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.
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INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.
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INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.
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INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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4

1Marine Science Program, Department of Biological Sciences, 3000 NE 151st Street, North Miami, Florida 33181 USA
2Loxahatchee River District, 2500 Jupiter Park Drive, Jupiter, Florida 33458-8964 USA

3Universidad de Los Llanos Ezequiel Zamora, UNELLEZ, Guanare, Apartado Postal 3310 Venezuela
4Department of Ecology and Evolutionary Biology, Yale University, New Haven, Connecticut 06520-8106 USA

Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
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whereas mean nearest neighbor distance among all species pairs is a measure of species
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the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
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INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.
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INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
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Key words: biodiversity; diet; ecomorphology; food webs; functional groups; niche; predator–prey
interactions; trophic guild; trophic redundancy.

INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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4

1Marine Science Program, Department of Biological Sciences, 3000 NE 151st Street, North Miami, Florida 33181 USA
2Loxahatchee River District, 2500 Jupiter Park Drive, Jupiter, Florida 33458-8964 USA

3Universidad de Los Llanos Ezequiel Zamora, UNELLEZ, Guanare, Apartado Postal 3310 Venezuela
4Department of Ecology and Evolutionary Biology, Yale University, New Haven, Connecticut 06520-8106 USA

Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.
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INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.

Key words: biodiversity; diet; ecomorphology; food webs; functional groups; niche; predator–prey
interactions; trophic guild; trophic redundancy.

INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
all the interactions (especially trophic) that link it to
other species in an ecosystem (Elton 1927). In other
words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
an organism’s tissues derive from all trophic pathways
culminating in that individual, they can be used as one
means to depict the trophic niche. Applications of stable
isotope ratios (typically of carbon and nitrogen) in food
web ecology take advantage of natural variation in
stable isotope ratios, and the underlying aspects of a
species’ trophic niche, which the variation reflects. For
nitrogen, ratios of 15N to 14N (expressed as d15N) exhibit
stepwise enrichment with trophic transfers, and are
powerful tools for estimating trophic position of
organisms. Ratios of carbon isotopes (d13C) vary
substantially among primary producers with different
photosynthetic pathways (e.g., C3 vs. C4 plants), but
change little with trophic transfers. Therefore, d13C can
be used to determine ultimate sources of dietary carbon
(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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Trophic niche study: how?
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4

1Marine Science Program, Department of Biological Sciences, 3000 NE 151st Street, North Miami, Florida 33181 USA
2Loxahatchee River District, 2500 Jupiter Park Drive, Jupiter, Florida 33458-8964 USA

3Universidad de Los Llanos Ezequiel Zamora, UNELLEZ, Guanare, Apartado Postal 3310 Venezuela
4Department of Ecology and Evolutionary Biology, Yale University, New Haven, Connecticut 06520-8106 USA

Abstract. Stable isotope ratios (typically of carbon and nitrogen) provide one
representation of an organism’s trophic niche and are widely used to examine aspects of
food web structure. Yet stable isotopes have not been applied to quantitatively characterize
community-wide aspects of trophic structure (i.e., at the level of an entire food web). We
propose quantitative metrics that can be used to this end, drawing on similar approaches from
ecomorphology research. For example, the convex hull area occupied by species in d13C–d15N
niche space is a representation of the total extent of trophic diversity within a food web,
whereas mean nearest neighbor distance among all species pairs is a measure of species
packing within trophic niche space. To facilitate discussion of opportunities and limitations of
the metrics, we provide empirical and conceptual examples drawn from Bahamian tidal creek
food webs. These examples illustrate how this methodology can be used to quantify trophic
diversity and trophic redundancy in food webs, as well as to link individual species to
characteristics of the food web in which they are embedded. Building from extensive
applications of stable isotope ratios by ecologists, the community-wide metrics may provide a
new perspective on food web structure, function, and dynamics.

Key words: biodiversity; diet; ecomorphology; food webs; functional groups; niche; predator–prey
interactions; trophic guild; trophic redundancy.

INTRODUCTION

Charles Elton defined a species’ ‘‘niche’’ as the sum of
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words, the niche represents the overall trophic role of
that species (Leibold 1995). Since stable isotope ratios in
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(DeNiro and Epstein 1981, Peterson and Fry 1987, Post
2002b). Because of these (and other) insights into trophic

niches conferred by isotope ratios, they have become one
of the most common tools employed in the study of
trophic structure.
Since the earliest applications of stable isotope ratios

by food web ecologists, a common approach has been to
present d13C–d15N bi-plots with species (or individuals,
populations) plotted based on their mean stable isotope
signatures. Relative position of species in this bi-plot
space is used to infer aspects of food web structure.
Although qualitative insights from d13C–d15N bi-plots
can be informative in some instances, recent research has
sought to provide more quantitative measures based on
these data. For example, they can be used to calculate
trophic positions (Vander Zanden et al. 1997, Post et al.
2000, Post 2002a, Layman et al. 2005), relative
contribution of prey items to consumers (Vander
Zanden and Vadeboncoeur 2002), niche shifts (Post
2003), and intraspecific diet variability (Bolnick et al.
2003, Bearhop et al. 2004, Matthews and Mazumder
2004). Each of these quantitative applications focuses on
the specific energy flow pathways leading to one (or a
few) consumer species of interest.
We propose a novel analytical approach to calculate

‘‘community-wide’’ measures of trophic structure using
stable isotope ratios. This approach draws on techniques
frequently applied in ecomorphology literature, where
metrics defining trophic characteristics are calculated
based on two-dimensional representations of species’
morphological characteristics (Ricklefs and Miles 1994).
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Trophic niche study: how?

2. δ-space plots and standard ellipses  
(Jackson et al., 2011) 
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(SD vs. full range) 
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the group of consumers 
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Summary

1. The use of stable isotope data to infer characteristics of community structure and niche width of

community members has become increasingly common. Although these developments have
provided ecologists with new perspectives, their full impact has been hampered by an inability to

statistically compare individual communities using descriptive metrics.
2. We solve these issues by reformulating themetrics in a Bayesian framework. This reformulation

takes account of uncertainty in the sampled data and naturally incorporates error arising from the
sampling process, propagating it through to the derived metrics.

3. Furthermore, we develop novel multivariate ellipse-based metrics as an alternative to the cur-
rently employed Convex Hull methods when applied to single community members. We show that
unlike Convex Hulls, the ellipses are unbiased with respect to sample size, and their estimation via

Bayesian inference allows robust comparison to be made among data sets comprising different
sample sizes.

4. These new metrics, which we call SIBER (Stable Isotope Bayesian Ellipses in R), open up more
avenues for direct comparison of isotopic niches across communities. The computational code to

calculate the new metrics is implemented in the free-to-download package Stable Isotope Analysis
for the R statistical environment.

Key-words: Bayesian Inference, community ecology, R statistics program, statistical methods,
trophic niche width

Introduction

The ecological niche concept has undergone a renaissance is

recent years (Newsome et al. 2007; Soberon 2007). This is

unsurprising given that it can provide insights into a wide

variety of both ecological and evolutionary problems (Martı́-

nez del Rio et al. 2009). Refinements of Hutchinson’s idea

that an ecological niche can be represented as an n-dimen-

sional hypervolume have proposed that it be partitioned into

scenopoetic axes, representing environmental components of

niche space, and bionomic axes, which refermostly to the tro-

phic components of niche space (Hutchinson 1957, 1978).

Recently, it has been argued that location on these axes may

be quantified using stable isotopic ratios (Bolnick et al. 2003;

Bearhop et al. 2004) and have been formalized in the concept

of the ‘isotopic niche’ (Newsome et al. 2007). Stable isotope

ratios can be used in this respect because the values measured

in consumer tissues are tightly linked to those in their diet.

For example, the ratio of heavy to light stable nitrogen iso-

topes (15N ⁄ 14N) increases in a stepwise fashion with each tro-

phic level (Minagawa & Wada 1984; Wada et al. 1987; Fry

1988) and thus is analogous to a bionomic axis. Whereas sta-

ble carbon isotopes (13C ⁄ 12C), although they do alter slightly

with trophic level, reflect the primary carbon sources within a

food web which vary markedly between aquatic and terres-

trial origins (Craig 1953; Chisholm, Nelson & Schwarcz

1982), and thus can be considered as both bionomic and

scenopoetic axes. Additional isotopes, for example of oxygen

and hydrogen can provide more detailed information on

scenopoetic as they vary over geographical scales (Newsome

et al. 2007). Isotopic data are routinely presented as bi-plots,

where the isotopic values of animal tissues may be repre-

sented in d-space (Newsome et al. 2007), and this essentially

delineates an animal’s isotopic niche. Although the isotopic

niche is likely to be tightly correlated to the trophic niche, we

stress that these are not the same and should not be confused.

Nevertheless, the information contained within consumer

stable isotope ratios is predominantly ecological in origin*Correspondence author. E-mail: A.Jackson@tcd.ie

Journal of Animal Ecology 2011 doi: 10.1111/j.1365-2656.2011.01806.x
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Part of SIAR (Stable Isotope Analysis in R): R package, freely available from the CRAN 
repository
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§  Fitting of convex hulls and standard ellipses to isotopic data 
§  Computation of "Layman" metrics and SEA 
§  Model estimations of these parameters 
§  … 

 
More info, example scripts, podcasts available at http://www.tcd.ie/Zoology/research/
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sional hypervolume have proposed that it be partitioned into
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phic components of niche space (Hutchinson 1957, 1978).

Recently, it has been argued that location on these axes may

be quantified using stable isotopic ratios (Bolnick et al. 2003;

Bearhop et al. 2004) and have been formalized in the concept

of the ‘isotopic niche’ (Newsome et al. 2007). Stable isotope

ratios can be used in this respect because the values measured

in consumer tissues are tightly linked to those in their diet.

For example, the ratio of heavy to light stable nitrogen iso-

topes (15N ⁄ 14N) increases in a stepwise fashion with each tro-

phic level (Minagawa & Wada 1984; Wada et al. 1987; Fry

1988) and thus is analogous to a bionomic axis. Whereas sta-

ble carbon isotopes (13C ⁄ 12C), although they do alter slightly

with trophic level, reflect the primary carbon sources within a

food web which vary markedly between aquatic and terres-

trial origins (Craig 1953; Chisholm, Nelson & Schwarcz

1982), and thus can be considered as both bionomic and

scenopoetic axes. Additional isotopes, for example of oxygen

and hydrogen can provide more detailed information on

scenopoetic as they vary over geographical scales (Newsome

et al. 2007). Isotopic data are routinely presented as bi-plots,

where the isotopic values of animal tissues may be repre-

sented in d-space (Newsome et al. 2007), and this essentially

delineates an animal’s isotopic niche. Although the isotopic

niche is likely to be tightly correlated to the trophic niche, we

stress that these are not the same and should not be confused.
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INTRODUCTION

An emerging global trend is the extinction or
extirpation of more specialized species, with a con-
comitant spread of generalist ones, with the latter
known as the ‘winner’ species (McKinney & Lock-
wood 1999, Clavel et al. 2011). This trend, referred
to as biotic homogenization, can have drastic impli-
cations for community structure and ecosystem
function (Olden et al. 2004). Several anthropogenic
activities drive biotic homogenization, including the
spread of invasive species (Mack et al. 2000, Olden
et al. 2004, Qian & Ricklefs 2006). Marine ecosys-

tems have not been spared from the effects of inva-
sions (Carlton 1989, Ruiz et al. 1999). Although,
historically, other impacts (e.g. habitat destruction,
direct over-exploitation) have been more important
in affecting ecosystem function in marine systems
(Jackson et al. 2001, Lotze et al. 2006), effects
stemming from species invasions are increasing
rapidly (Carlton 1989, Ruiz et al. 1999, Byrnes et al.
2007).

Causes of, and implications following, biotic
homogenization relate to the generalist nature of the
‘winner’ organisms. Invasive species often are gener-
alists (Olden et al. 2004), e.g. in terms of diet or envi-
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INTRODUCTION

An emerging global trend is the extinction or
extirpation of more specialized species, with a con-
comitant spread of generalist ones, with the latter
known as the ‘winner’ species (McKinney & Lock-
wood 1999, Clavel et al. 2011). This trend, referred
to as biotic homogenization, can have drastic impli-
cations for community structure and ecosystem
function (Olden et al. 2004). Several anthropogenic
activities drive biotic homogenization, including the
spread of invasive species (Mack et al. 2000, Olden
et al. 2004, Qian & Ricklefs 2006). Marine ecosys-

tems have not been spared from the effects of inva-
sions (Carlton 1989, Ruiz et al. 1999). Although,
historically, other impacts (e.g. habitat destruction,
direct over-exploitation) have been more important
in affecting ecosystem function in marine systems
(Jackson et al. 2001, Lotze et al. 2006), effects
stemming from species invasions are increasing
rapidly (Carlton 1989, Ruiz et al. 1999, Byrnes et al.
2007).

Causes of, and implications following, biotic
homogenization relate to the generalist nature of the
‘winner’ organisms. Invasive species often are gener-
alists (Olden et al. 2004), e.g. in terms of diet or envi-
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Isotopic biplot suggest important 
similarity in resource use 
 
Convex hulls (proxy for the total, 
realized trophic niche) suggest 
overlap between the 3 species 
 
Standard ellipses (proxy for "core 
niche", i.e. most frequent utilization 
of resources): Competition is most 
likely to occur between lionfish and 
schoolmaster 
 
Supported by gut contents: grey 
snappers ingest more benthic 
crustaceans 
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was a significant predictor of δ15N (y = 7.6 + 0.0055 ×
size, p < 0.001, R2 = 0.29; y = 7.4 + 0.01 × size, p <
0.001, R2 = 0.29), but not δ13C (R2 ≤ 0.002, p ≥ 0.6). SL
was not related to δ15N or δ13C for lionfish (R2 ≤ 0.06,
p ≥ 0.18).

Prey taxa δ15N ranged from 1.7‰ (Mithrax spp.) to
8.6‰ (beaugregory damselfish) (Fig. 2A). Fishes
tended to have higher δ15N values than crustaceans.
Prey δ13C values ranged from −10.5 (bluehead
wrasse Thalassoma bifasciatum) to −19.9 (Pachygrap-
sus spp., supratidal shore crabs). The range of mean
δ13C values was much smaller for lionfish prey items
(4.2‰) than for schoolmaster prey (8.5‰). When
applying an assumed trophic fractionation value of
~1‰ (Post 2002), mean δ13C values of prey bounded
the δ13C value of every predator individual, thereby
meeting an important assumption of the individual
specialization model detailed (Araújo et al. 2007).

Niche location and width

Differences in niche position were assessed based
on Euclidean distance-based measures of central

tendency (Turner et al. 2010). Using a permutation
procedure with 1000 iterations, we found that the
distance in mean centroid location between each pair
of populations differed significantly from zero (p <
0.01), suggesting each population had a different
position in isotopic space. Although 98% of lionfish
were found within the convex hull representation of
the schoolmaster isotopic niche, the 2 populations’
mean isotopic positions nonetheless differed signifi-
cantly (Fig. 2B).

We also quantified niche widths for each pop -
ulation, by calculating SEAB using Bayesian infer-
ence (Jackson et al. 2011). The SEAB values with
95% Bayesian credible intervals (CI) were: lion-
fish—mean: 0.91, median: 0.90, 95% CI: 0.67 to
1.18; gray snapper—mean: 0.71, median: 0.70, 95%
CI: 0.53 to 0.90; and schoolmaster snapper—mean:
1.60, median: 1.57, 95% CI: 1.10 to 2.16. Com -
paring the relative size of ellipses among pop -
ulations demonstrates that the niche width for
schoolmaster snapper is significantly greater than
both lionfish and gray snapper (p < 0.001),
whereas lionfish niche width did not differ from
gray snapper (p = 0.9).
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Fig. 2. Pterois volitans/miles, Lutjanus griseus, and L. apodus. (A) δ13C and δ15N bi-plot of 3 focal predator species, as well as
each prey item (1 to 25 individuals per taxa, mean ± SD: 8 ± 6.6) identified in stomach content analysis. Values are mean ± SD.
Note the restricted range of prey δ13C values, especially among lionfish prey (from Table 2). (B) δ13C and δ15N bi-plot with all
lionfish, schoolmaster, and gray snapper individuals (n = 35, 49, and 52, respectively). Convex hulls of total niche width (fol-
lowing Layman et al. 2007a) are depicted using dashed lines. Standard ellipse area (SEAB) representation of isotopic niches,
i.e. bivariate equivalents to SD in univariate analysis (following Jackson et al. 2011), are depicted with solid lines. Note 

different scales on the x- and y-axes in both panels



Caution on isotopic niche use

The isotopic niche is a proxy! It is not an actual depiction of the trophic niche, since its 

axes are not actual resource use (i.e., not dimensions of the ecological niche) 
 

Position of consumers in the δ-space is mostly driven by differences in resource use, 
but other factors also influence it: isotopic variability of baseline producers and/or 

prey items
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Although not necessary, isotopic data 
on food sources can help avoiding 
interpretation mistakes 
 
Adapt your sampling strategies! 



Caution on isotopic niche use
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Isotopic niche study is a rapidly 
evolving field supported by many 
different approaches and concepts 

 
When used sensibly, it is a robust and 

widely applicable method that can help 
solving many ecological questions 

linked with resource partitioning among 
consumers 

"Remember that all models are wrong; the practical question is 
how wrong do they have to be to not be useful." 

George E.P. Box 
1919-2013 


