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INTRODUCTION

Abundance–body mass relationships (size spectra)
are a conservative property of many benthic communi-
ties (Warwick 1984), exhibiting more stability in space
and time than the abundance of component species
(Schwinghamer 1981). An understanding of the factors
responsible for shaping abundance–body mass rela-
tionships in the absence of human impacts has applied
significance, since changes in these relationships may
be a good indicator of the effects of pollution or physi-
cal disturbance (Schwinghamer 1988, Duplisea et al.
2002).

Some macroecological theory focuses on predicting
the form of abundance–body mass relationships (Brown
& West 2000, Gaston & Blackburn 2000). In communi-
ties sharing a common energy source, for example, the
energetic equivalence hypothesis predicts that numer-
ical abundance (N) and biomass abundance (B) scale
with body mass (M) as M –0.75 and M 0.25 respectively
(Damuth 1981, Belgrano et al. 2002). However, since

energy transfer in food chains is inefficient and since
the lengths of food chains supporting individuals will
vary, scalings predicted by the energetic equivalence
hypothesis are not observed in many animal com-
munities.

In size-structured food webs, where larger predators
eat smaller prey, available energy (E) decreases with
increasing mass as a function of the mean predator
prey mass ratio (PPMR) and trophic transfer efficiency
(TE) (Brown & Gillooly 2003). Thus, observed scalings
of abundance with M in size-structured food webs will
be steeper than predicted by the energy equivalence
hypothesis.

For communities in which trophic level increases
continuously with M, the Brown & Gillooly (2003)
approach can be formalised whereby, for a given TE
and PPMR, the expected scaling of E with M is

E ∝ M log10TE�log10PPMR (1)

where PPMR is defined from the slope (b) of the rela-
tionship between trophic level (y) and log10M (x)
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(PPMR = 10(1/b)) (Jennings & Mackinson 2003) and TE
is the efficiency with which prey production is con-
verted to predator production

TE =  Pc�Pp (2)

where Pc is predator production and Pp is prey produc-
tion (e.g. Ware 2000).

From Eq. (1) and assuming that the scaling of N
and B with M within an infinitely small increment in
body mass (and hence trophic level) can be predicted
by the energetic equivalence hypothesis (N ∝ M –0.75

and B ∝ M 0.25 respectively), the predicted scaling of
N and M is

N ∝ M log10TE�log10PPMR × M –0.75 (3)

and the scaling of B and M is

B ∝ M log10TE�log10PPMR × M 0.25

(4)
One recent analysis suggests that the scaling of

abundance and body mass in a size-structured open
sea food web was consistent with the predictions of the
formalised Brown & Gillooly (2003) model (Jennings &
Mackinson 2003).

Benthic infaunal communities have characteristic
abundance–body mass relationships, but these com-
munities are only one part of the complete food web.
Unlike the complete food web, the size structure of
infaunal communities does not primarily reflect size-
based predation, since many of the largest animals
(e.g. bivalve molluscs, burrowing echinoderms) feed at
lower trophic levels than some of the smaller animals
(e.g. predatory polychaete worms). However, the ben-
thic infaunal community is effectively sustained by a
single energy source which reaches the seafloor as
phytoplankton or detritus (e.g. Künitzer et al. 1992).

Here, we test whether slopes of abundance–body
mass relationships for a benthic infaunal community
can be predicted from the energy available to different
size-classes of animals. Energy availability at size is
calculated from the scaling of E with M, based on
estimated trophic level at size (from nitrogen stable
isotope analysis) and TE.

MATERIALS AND METHODS

The size structure of the benthic infaunal community
was described at 13 sites in an area of the central North
Sea bounded by latitude 54° 00’ N to 54° 30’ N and
longitude 00° 30’ E to 01° 20’ E. Trawling did not have a
detectable direct effect on the size or trophic structure
of the benthic infaunal community at these sites (e.g.
Jennings et al. 2001 and related papers). Depth at the
sites ranged from 40 to 65 m and sediment consisted
primarily of sand (mean particle diameters 0.250 to

0.350 mm; British Geological Survey unpubl.). For
further details of the sites see Jennings et al. (2001).

Infaunal invertebrates (defined as those species that
live predominantly covered by the substrate) were
sampled with an anchor dredge (Kaiser et al. 2000)
from 22 November to 8 December 1999. A total of 3
randomly located replicate tows of 1 min duration were
made at each site, a box of 1 n mile north-south by 1 n
mile east-west, and a sub-sample of 0.2 m3 sediment
was removed from each sample. This was sieved
through 1 mm2 mesh and all free-living infaunal spe-
cies retained on the mesh were identified, weighted
and allocated to log2 wet weight size-classes. To obtain
tissue for stable isotope analysis, all animals from the
same size-class in each of the 3 replicate samples were
pooled and homogenised in an electric blender, usu-
ally with added water, to produce a thoroughly mixed
suspension that poured smoothly. Approximately 7 ml
of this suspension was retained and frozen to –20°C
in a glass vial.

The frozen homogenised tissue was freeze dried and
crumbled or ground to a fine powder (particle diameter
<60 µm). Samples of powder (1 mg) were weighed into
a tin capsule, and the 15N composition was determined
using continuous flow isotope ratio mass spectrometry
(PDZ - Europa Integra - CN system). To calibrate the
system and compensate for drift, 2 samples of refer-
ence material (a standard mix of ammonium sulphate
and beet sugar) were analysed after every 5 tissue
samples. The 15N composition was expressed in con-
ventional delta notation (δ15N), relative to the abun-
dance of 15N in atmospheric N2. Experimental preci-
sion was 0.1‰ (SD of δ15N for replicates of reference
material).

Wet mass was converted to ash free dry mass (AFDM)
for all faunal groups (bivalves, annelida, crustaceans,
echinoderms, sipunculids, nemerteans and anemones
[actinaria]) using the conversion factors in Brey
(2001: available at www.awi-bremerhaven.de/Benthic/
Ecosystem/FoodWeb/Handbook/main.html).To express
B and N as g m–2 and numbers m–2 respectively we
assumed that the 0.2 m3 subsample was equivalent to a
sampled area of 0.2 m3, although this assumption had
no effect on the calculated slopes of abundance–body
mass relationships. Since animals had to be sorted by
wet mass for stable isotope analysis, we recalculated
the midpoints of M classes as AFDM, based on the rel-
ative biomass of animal groups in the sample and the
relationships between wet mass and AFDM for those
groups. To produce abundance–body mass relation-
ships for each site, individual invertebrates were
assigned to log2AFDM classes and total AFDM (B) or
(N) in each class was calculated. Slopes (b) of abun-
dance–body mass relationships were determined from
the linear relationships:
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log10N =  aN + bN(log10M) (5)
and

log10B =  aB + bB(log10M) (6)

with log2M classes converted to log10.
The mean rate of change in trophic level with M was

calculated as the slope of the relationship between
δ15N (y) and log10M (x), based on an assumed mean
fractionation of 3.4‰ δ15N per trophic level (Post 2002).
We ran sensitivity analyses to assess the effect of frac-
tionation assumptions on the results. The scaling of E
with M was calculated as log10TE�(3.4�slope). Follow-
ing Eq. (3), the predicted scaling of N with M was

N ∝ M log10TE�(3.4�bN) × M –0.75 (7)

and following Eq. (4) the scaling of B with M was

B ∝ M log10TE�(3.4�bB) × M 0.25 (8)

TE was assumed to be 0.125 (e.g. data compilation in
Ware [2000]) although we also ran sensitivity analyses
to assess the effects of changes in TE.

RESULTS AND DISCUSSION

The trophic level (δ15N) of the benthic infaunal com-
munity decreased with increasing M (Fig. 1). The slope
of the relationship between δ15N and M was –1.07.
Thus, E ∝ M0.28, B ∝ M0.53 and N ∝ M –0.47 when TE =
0.125 and fractionation = 3.4‰ δ15N per trophic level.
The scalings were relatively insensitive to potential er-
rors in the assumed fractionation of δ15N or TE (Fig. 2).

The observed scalings of B and N with M were 0.48
and –0.54 respectively (Fig. 3). These were not signifi-
cantly different from the predicted scalings of B (0.53)
and N (–0.47). Predicted scalings based on energetic
equivalence also fell within 95% confidence limits for
the regression (Fig. 3), but were not as close to the
observed values as the scalings predicted when we did
account for trophic structure. We suggest that the pre-
dicted relationships were more consistent with theo-

retical predictions when we accounted for trophic
structure because larger individuals tended to feed at
lower trophic levels and relatively more energy would
have been available to them.
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Fig. 1. Relationship between δ15N and body mass (M) in the
benthic infaunal community. M is expressed as log10 ash
free dry mass (AFDM). Confidence limits (95%) for the fitted 

relationship are shown. Vertical bars are ± SD
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Fig. 2. Predicted scalings of B and N calculated from the
slopes of relationships between log10B (biomass abundance)
or log10N (numerical abundance) and log10M (body mass)
as a function of (a) the assumed fractionation of δ15N and 

(b) assumed transfer efficiency

Fig. 3. (a) Biomass abundance (B) and (b) numerical abun-
dance (N) versus body mass (M) relationships for the benthic
infaunal community plotted on a log scale. M is expressed as
log10 ash free dry mass (AFDM). Confidence limits (95%) for

the fitted relationship are shown
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The analysis suggests that we can modify theory that
is most usefully applied to the prediction of abun-
dance–body mass relationships in food webs to predict
these relationships in a benthic infaunal community.
The analysis is probably robust because the benthic
infaunal community is dependent on a single energy
source. The approach used in our analysis would not
be expected to work when applied to taxonomically
defined subsets of the food web that received energy
inputs from many sources.

The formalised Brown & Gillooly (2003) model was
previously used to predict abundance–body mass rela-
tionships in unexploited food webs (Jennings & Blan-
chard 2004). Such predictions provide a baseline for
assessing the magnitude and scale of human impacts.
The predictions can be made because PPMR is largely
unaffected by observed levels of disturbance (in this
case fisheries exploitation) and thus an estimate of
PPMR from an exploited community can be used to
model abundance–body mass relationships in the
unexploited community (Jennings & Blanchard 2004).
In the benthic infaunal community we considered,
which is a subset of the real food web, the energy
available to animals in different body size-classes is a
function of the types of animals present in the size-
classes and not PPMR. Since disturbance has the
potential to modify both size and trophic structure of
the benthic community, knowledge of the trophic
structure of a disturbed community is unlikely to
provide a basis for predicting abundance–body mass
relationships in the absence of disturbance. The only
exception to this rule would be a community in which
trophic level did not change with body size. In this
case, exploitation would not change trophic structure
and the unexploited abundance–body mass relation-
ship might be predicted from the energetic equiva-
lence hypothesis.

Our results suggest that the slopes of benthic
infaunal size spectra are consistent with theoretical
predictions based on trophic structure and transfer
efficiency. This is a preliminary test, based on data
collected as part of an earlier study, and we hope to
gather new data to validate and refine the approach
and to assess the significance of non-linearities in the
spectra. The approach has potential application as a
tool for validating other size-based models of benthic
community structure, for explaining regional differ-
ences in the size structure of benthic infaunal com-
munities and for underpinning the development of
new disturbance indicators.
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