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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
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Concept of ecological niche (sensu Hutchinson, 1957):

A hypervolume set in n-dimensional space where each of
the axes represents an environmental parameter
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Trophic niche = part of the ecological niche built using the
subset of dimensions related to trophic resources

2 categories of dimensions: habitat- and resource-related



Trophic niche study: why ?

= |dentify feeding strategies: specialists (narrow trophic niches) vs.
generalists (wide trophic niche)
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Trophic niche study: why ?

= |dentify 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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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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Trophic niche study: how?

. 0-space plots and convex hulls
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Position of consumers in
the d-space (= isospace)
is mainly driven by
differences in foraging
habits and resource use

2

Metrics based on these
positions can provide
insights about trophic

niche



CAN STABLE ISOTOPE RATIOS PROVIDE FOR COMMUNITY-WIDE
MEASURES OF TROPHIC STRUCTURE?

1. 6'3|C CRrAIG A. LAYMAN," D. ALBREY ARRINGTON,> CARMEN G. MONTANA,> AND DAvID M. Post?

Ecology, 88(1), 2007, pp. 42-48
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Trophic niche study: how?

. 0-space plots and convex hulls
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Designed for study of
whole communities, but
can also be used for
populations

Useful set of tools that
provide complementary
information about trophic
diversity and niche extent,
but...

Metrics (especially TA)
sensitive to sample size
and presence of
"extreme" points



Trophic niche study: how?

2. d-space plots and standard ellipses
(Jackson et al., 2011)

Standard ellipse vs. convex hull
(SD vs. full range)

Single metric: standard ellipse area Z
Represents "core isotopic niche" of *©
the group of consumers

More robust and less sensitive to

extreme values and small sample size
(SEAC)
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communities: SIBER — Stable Isotope Bayesian Ellipses
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Trophic niche study: how?

2. d-space plots and standard - )
ellipses e
(Jackson et al., 2011) . :
Comparisons of groups _

Z |
Quantification of isotopic niche &
overlap ~

o
Comparison of isotopic niche = -
width: bayesian modelling
approach S )
14 13 12 11 10
o 13C

Journal of Animal Ecology
Journal of Animal Ecology 2011 doi: 10.1111/j.1365-2656.2011.01806.x

Comparing isotopic niche widths among and within

communities: SIBER — Stable Isotope Bayesian Ellipses
inR Andrew L. Jackson'*, Richard Inger?, Andrew C. Parnell® and Stuart Bearhop?



Trophic niche study: how?

Instead of calculating SEA from
SD: estimation using bayesian
inference

More robust + takes uncertainty
Into account

Outputs: frequency distribution
of model solutions

Standard ellipse area (%o?)
2

)
Easy to compare SEA across
groups © | |
1 2
] 5 .
Journal of Animal Ecology 10° solutions
Journal of Animal Ecology 2011 doi: 10.1111/5.1365-2656.2011.01806.x SEA1 < SEAZ |n 98.1 4 %

Comparing isotopic niche widths among and within

communities: SIBER — Stable Isotope Bayesian Ellipses
inR Andrew L. Jackson'*, Richard Inger?, Andrew C. Parnell® and Stuart Bearhop?

P-value analogy



Trophic niche study: how?

Journal of Animal Ecology

Journal of Animal Ecology 2011 doi: 10.1111/5.1365-2656.2011.01806.x

Comparing isotopic niche widths among and within

communities: SIBER — Stable Isotope Bayesian Ellipses
inR Andrew L. Jackson’*, Richard Inger?, Andrew C. Parnell® and Stuart Bearhop?

Part of SIAR (Stable Isotope Analysis in R): R package, freely available from the CRAN
repository

Allows

= 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/
research/theoretical/siar.php



Isotopic niches: an example

Vol. 448: 131-141, 2012 MARINE ECOLOGY PROGRESS SERIES

doi: 10.3354/meps09511 Mar Ecol Prog Ser Published February 23

Characterizing trophic ecology of generalist
consumers: a case study of the invasive lionfish

in The Bahamas
Craig A. Layman'*, Jacob E. Allgeier?

Present in the Caribbean and US Atlantic
waters since early 2000's

Dakota T Toronto, e T
Michigin|g _ Vermont
/' > New York T~ New
lowa Chicago ‘ Hampshire
Nebraska B2 Pennsylvania
Iinois Ohio ' i~ nnsy .-l Massachusetts
United States Indiana e".. Rhode Island
LD Kansas Missoun ng;?i?\tia \ Connecticut
Kentucky Virginia New Jersey
Te 5 North
Oklahoma po . ennessee Carolina 54 i Delaware
/ P8 aryland
0 Dallas Mississippi p istrict of
Alabama Columbia s
Tehs a'
Louisiana
i I 47 uisi. &
N \ San Housfon ‘ ®
“Antonio e
v Gulf of
Mexico el
Mexico ENEs
oy we
o ., ®° gdRuin, B
Mexico & e
City ® © > %in'c_an
- ® ol o o
—' % Brt-au-gh T _.(&
| : ®
Guatemal : "5
Guatemala o Honduras— Caribbean ®

Sea

ST

e Nicm“"5: o Byye.
@§'/aracaibo %%5
: ] .

Cos )
Rw%am.n: @ e
—|—| Data: USGS

. MepezHela12 Google, INEGI - 1o of Lise

Lionfish (Pterois \}blitans/miles)
Native from Indo-Pacific regions



Isotopic niches: an example

Vol. 448: 131-141, 2012 MARINE ECOLOGY PROGRESS SERIES
doi: 10.3354/meps09511 Mar Ecol Prog Ser

Published February 23

Characterizing trophic ecology of generalist
consumers: a case study of the invasive lionfish

in The Bahamas
Craig A. Layman'*, Jacob E. Allgeier?

Present in the Caribbean and US Atlantic
waters since early 2000's

kot BT \ 0 ¢’ =
Dakota Michigan :‘ Toronto,

L Vermont [ wmap | s
! > New York \ New
Nebrask lowa C“'gag" G Hampshire
ebraska b 2
inois Ohio Pennsylvar;\;a ol Massachusetts
United States Indiana v @ |\ Rhodelsiand
3do Kansas Missowi V‘::I;ifl‘ia \ Connecticut
Kentucky Virginia New Jersey
Bahamas
Oklahoma ATkancas Carolina s = Dle'a:’”e
i arylan
/ Mississippi South ) 4
0 Dallas NISSISSIpPI Caroli District of
o
Alabama

Columbia
Te%s Georgia a'

Louisiana i
& Jacks )

2 2 Houston ]
San
“Antonio ® ‘ @ %
OYI(‘.‘
5P Gulf of ® i
2 Mexico e
Mexico Haya = R

®
T2y , o ePR0, % i
I

® inican
J r% ‘i% &m-ﬁm r?%b
‘ %

Guatema
Guatemalao Honduras— Caribbean ®

S A7 Sea
s Nicaragug ® By
= @@ /aracaibo %5
Cost = e ] o
Rica¥ o% 4
. ~Panama @ \
] Data: USGS L . Mepezueldi1> Google, INEGI - Toims o |

Mexico
Cit
o



Isotopic niches: an example

Vol. 448: 131-141, 2012 MARINE ECOLOGY PROGRESS SERIES Published February 23
doi: 10.3354/meps09511 Mar Ecol Prog Ser Y

Characterizing trophic ecology of generalist
consumers: a case study of the invasive lionfish

in The Bahamas
Craig A. Layman'*, Jacob E. Allgeier?

Generalist predator ( > 40 fish species, benthic
crustaceans)

Negative impact on prey populations

Competition with native predators? Trophic niche
overlap?

snapper
(Lutjanus apodus)

Grey snapper as#” ..

(Lutjanus griseus) )
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Isotopic niches: an example
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Isotopic biplot suggest important

Lionfish

similarity in resource use
10 -

Convex hulls (proxy for the total,

realized trophic niche) suggest

overlap between the 3 species z

Standard ellipses (proxy for "core
niche", i.e. most frequent utilization
of resources): Competition is most g
likely to occur between lionfish and
schoolmaster

Supported by gut contents: grey

.’

snappers ingest more benthic
crustaceans




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 0 -space is mostly driven by differences in resource use,
but other factors also influence it: isotopic variability of baseline producers and/or
prey items

d >N

7.4 7.6 7.8 8.0 8.2 8.4 8.6

7.2

-12.5

T
-12.0

|
-11.5

d13C

T
-11.0

|
-10.5

T
-10.0

Although not necessary, isotopic data
on food sources can help avoiding
interpretation mistakes

Adapt your sampling strategies!



Caution on isotopic niche use

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

8.6

. George E.P. Box

8.4

hd ° o 1919-2013|
z Isotopic niche study is a rapidly
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widely applicable method that can help
| . solving many ecological questions
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