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Using a combination of stable isotope analysis of
33C and 3N and long-term census data on
population abundances for meiofauna in tropi-
cal aquatlc rock pools, we provide evidence that
species which exhibit greater variation in 3'3C,
an indication of a greater range of dlstmct
carbon sources in their diet, have more stable
populatlons than species with lower variation
in 83C. This link between increased isotope
variability and reduced population variability,
however, did not hold for 3'°N. This suggests
that increases in population stability were due to
non-omnivorous feeding on multiple carbon
sources within a trophic level rather than omni-
vorous feeding on multiple carbon sources
across trophic levels. Our findings corroborate
MacArthur’s original hypothesis that popu-
lations that can access a greater range of
resources are more stable than those which
consume a more restricted range of resources.
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1. INTRODUCTION
In a seminal paper, MacArthur (1955) proposed that:

The amount of choice which energy has in following the
paths up through the food web is a measure of the stability
of the community (Odum 1953). To see this...suppose one
species is abnormally uncommon. For this to have minimum
effect upon the rest of the community, each predator of the
species should have a large number of alternate foods to
reduce the pressure on the scarce species and yet maintain
their own abundance at very nearly the original level.
(MacArthur 1955, p. 334)

In MacArthur’s (1955) framework, community
stability arises from the increased stability of popu-
lations. This is a distinctly different perspective from
current claims that community stability arises from
compensatory effects of populations (e.g. Tilman
1999, reviewed in McCann 2000). MacArthur’s
model suggests that choice in the pathways of energy
flow is key to stability. Increasing species richness
may affect the number of feeding pathways in two
ways. First, such an increase could increase omnivor-
ous generality, i.e. feeding on multiple species at
more than one trophic level (see Coll & Guershon

Received 18 January 2006
Accepted 17 February 2006

2002). Second, an increase in species richness could
increase the number of distinct feeding pathways
leading to any one species from a single trophic level
by increasing non-omnivorous generality. Recent
empirical studies show that populations can be
stabilized by increasing species richness (Petchey et al.
2002; Kolasa & Li 2003; Valone & Hoffman 2003;
Romanuk & Kolasa 2004; Vogt. et al. 2006), but the
mechanisms (e.g. prey reliability) responsible for this
stabilizing effect lack clear empirical support.

We analysed stable isotopes for invertebrates in
tropical rock pools and compared variability in 3'>C
and 3'°N (s.d.) to the species’ variability in abundance
(c.v.) over 49 rock pools and 10 years of annual
sampling. Stable isotopes of carbon and nitrogen have
a long history of use in food web studies (Peterson &
Fry 1987). Stable isotope ratios are expressed in delta
(8) notation, defined as the parts per thousand or ‘per
mille’ deviation from a standard material, which is Pee
Dee belemnite limestone for 3'>C and atmospheric
nitrogen for 8'°N, where 3'>C or 8'°N = ([R.sample]/
[R.standard] — 1) X 1000 m, where R='>C/**C or
I5N/'*N (Vander Zanden & Rasmussen 1999). 3'°C
indicates the sources of carbon assimilated by a
consumer and generally does not fractionate as energy
moves up the food web in contrast to 3'°N which
typically increases 3.4%o per trophic level (Vander
Zanden & Rasmussen 1999). If populations of rock
pool fauna are stabilized by increased trophic general-
ity, 3!°N and 8'>C may be less variable for species with
lower population variability. Furthermore, the type of
generality responsible for increased stability may be
distinguished between omnivorous and non-omnivor-
ous generality with the former being reflected in a
wider range of 8'°N and the latter being reflected in a
wider range of 3'°C.

2. MATERIAL AND METHODS

(a) Stable isotope analysis

In January 2003, we collected tissue samples for stable isotope
analysis (SIA). There are 72 species that have previously been
classified as obligate rock pool species (Romanuk & Kolasa
2002). We collected individuals of 10 of these species, which
account for approximately 80% of the total abundance of the
metacommunity, for SIA (table 1). Owing to the small size of
most species, i.e. 60 um to 5 mm, each sample consisted of
multiple individuals and for most species individuals were
obtained from multiple pools. Our goal was to collect enough
tissue for at least three separate composite samples for each
species. However, we found no systematic effect of sample size on
s.d. of either 3'°N or 3'>C. Organisms were left alive for 24 h to
clear their gut contents and then frozen until analysis, where they
were freeze-dried, ground into powder, acidified with 0.1N HCI
to remove the bicarbonate and analysed by continuous flow mass
spectrometry using an elemental analyser in line with a GV
Instruments IsoPrime mass spectrometer at the UQAM-McGill
GEOTOP facility. Analysis was conducted according to a protocol
developed by Carmen & Fry (2002) as outlined in Limén &
Marty (2004).

(b) Population dynamics

Population dynamics were assessed as the variability in total
population abundance for each of the 10 species summed across 49
rock pools. Ten annual samples collected in December or January
from 1989 to 2004 were used in the analysis. Collection methods
have been reported previously (Romanuk & Kolasa 2002, 2004).

(c) Statistical analysis

Variability in '°N and 8'3C for each species was calculated as the
s.d. in 3"°N and 5'>C across all samples. Population variability was
calculated as c.v. in abundance for each species over all rock pools
and dates.
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Table 1. List of species used in the stable isotope analysis (SIA), number of SIA samples, mean SIA values, standard deviations (s.d.) of SIA values, species variability (c.v.), occupancy

(the number of pools a species was collected (49 pools X 10 sampling dates)) and total species abundance.
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Figure 1. More stable species access a wider range of
carbon sources. (a) Relationship between range of carbon
sources (s.d. of 3!2C) and species variability (c.v.) and (b)
relationship between range of nitrogen sources (s.d. of
3!°N) and species variability (c.v.). Non-significant
regression lines are shown (hatched line; n.s.).

3. RESULTS

As hypothesized, the mean c.v. of population abun-
dance decreased significantly with increases in the
s.d. of 3'°C (*=0.651, p=0.004; figure la). Inter-
estingly, this pattern was not repeated for 3'°N
(figure 15). To ensure that these results were not due
to the structure of the data or other underlying
correlations, we tested a number of relationships
between population c.v., mean and s.d. of SIA values,
and correlations between SIA values themselves.
There was no relationship between mean population
c.v. and mean 8 °C (p=0.655) or 3'°N (p=0.882)
and no relationship between mean 8'>C and s.d. 3'°C
(p=0.12) or mean 3'°N and s.d. 3'°N (p=0.374;
figure 2b,c). However, when the ostracod Candona sp.
was removed from the latter analysis, s.d. of 3'°N
increased with mean 3°N (#*=0.729, p=0.003,
n=29; figure 2¢). These analyses show that population
variability was unrelated to the mean value of the
actual carbon source (e.g. freshwater versus marine
inputs, Fry & Sherr 1984) and that there was no
trend of SIA values varying according to mean carbon
source. It is possible, however, that s.d. of 3PN
increases with mean 3'°N. This would suggest that as
trophic level increases, species can access resources
from a wider range of trophic positions. However, we
found that s.d. of 3'°C and s.d. of 3'"°N did not
covary (p=0.385; figure 2a), confirming that these
two components of energy flow were independent for
these samples.
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Figure 2. (a) Relationship between s.d. of 8'>C and s.d. of
3'°N. Non-significant regression line is shown (hatched
line; n.s.). Relationship between (b) Mean 3'>C and s.d. of
3'°C and (¢) Mean 3'"°N and s.d. of 3'°N. When Candona
sp. is removed from the analysis (black line) s.d. of 3'°N
increases significantly with mean 8'°N. Non-significant
regression lines are shown (hatched line; n.s.).

4. DISCUSSION

This study provides, to our knowledge, the first clear
empirical evidence that populations that access a
greater range of resources are more stable than those
which consume a more restricted range of resources.
Furthermore, in rock pool communities, it appears
that non-omnivorous, rather than omnivorous, gener-
ality stabilizes populations. Interestingly, these results
complement and converge with more general obser-
vations that habitat generalists tend to be less variable
than habitat specialists (Waltho & Kolasa 1994;
Kolasa & Li 2003).
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Our results also reveal a putative mechanism for
why some populations in multi-trophic communities
appear to be stabilized by species richness as well as
corroborate the predictions of MacArthur (1955) that
a ‘restricted diet lowers stability’. However, as
MacArthur further states:

[a]restricted diet is what is essential for efficiency...efficiency
and stability are the two features required for survival under
natural selection. Efficiency enables individual animals to
outcompete others, but stability allows individual commu-
nities to outsurvive less stable ones. From this, it seems
reasonable that natural selection operates for maximum

efficiency subject to certain necessary stability.
(MacArthur 1955, p. 535)

In order for populations to persist through time,
there must be a balance between consumption effi-
ciency (assumed to decline with increasing ability to
access multiple resources) and stability (which may
generally increase with increasing ability to access
multiple resources). However, if several resources are
accessed from within a prey trophic level (non-
omnivorous generality) as opposed to across trophic
levels (omnivorous generality) then the decline in
consumption efficiency may be less than accessing
resources from multiple trophic levels. This means
that the food web structure that enhances population
stability is one that increases the number of pathways
connecting a consumer to its prey trophic level. This
idea suggests that a return to the study of the number
of links between trophic levels (Cohen & Briand
1984; Martinez 1994), a set of structural food web
properties that have been excluded from more recent
analyses of food web structure (e.g. Williams &
Martinez 2000; Cattin er al. 2004), may be
warranted.

While the ubiquity and potentially stabilizing role
of omnivorous generality has been widely recognized
(Agrawal 2003; but see Vandermeer 2006) less atten-
tion has been paid to non-omnivorous generality,
despite its potential importance. In an analysis of
omnivory in large complex food webs, Williams &
Martinez (2004) found most species were restricted
to consumption of adjacent rather than disparate
trophic levels. This type of structure results in
linearized food webs that appear to be more likely to
experience trophic cascades (Pace er al. 1999;
Schmitz ez al. 2000; Thibault & Loreau 2003) and
have higher interaction strengths that can destabilize
population dynamics (McCann ez al. 1998). However,
the number of species within trophic levels increases
much faster than the number of trophic levels as
species are added to a community (Williams &
Martinez 2004). This linearity and restricted food web
height increases the potential for non-omnivorous
generality to stabilize population dynamics.

In conclusion, our results provide significant evi-
dence that non-omnivorous generality stabilizes popu-
lations of rock pool meiofauna. The ability to exploit
horizontal diversity appears to contribute to the
population stability of consumers, and this may be
an, as of yet, unrecognized further benefit of high
levels of species richness in food webs. Horizontal
diversity may be especially relevant under highly
variable environmental conditions, where alternative
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pathways could become differentially available
through time.
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