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Food webs in forest and pasture streams in the Waikato region,
New Zealand: a study based on analyses of stable isotopes
of carbon and nitrogen, and fish gut contents
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Abstract Stable isotopes of carbon (C) and
nitrogen (N) were studied in 11 stream communities
in the Waikato region of New Zealand. From
comparisons of mean 813C and 815N values, food
webs in the shaded, forest streams were clearly
based on allochthonous material (conditioned leaf
litter and terrestrial invertebrates). Autotrophs in
forest streams were not a significant C source for
the food webs. However, the C source of food webs
in the unshaded pasture streams appeared to be a
mixture of allochthonous and autochthonous
material. Conditioned leaf litter appeared to
contribute to the pasture stream food webs, and the
813C and 815N of some samples of epilithic diatoms
indicated their consumption by invertebrates in
pasture streams. Fish ate a wide range of aquatic
invertebrates; longfinned eels (Anguilla
dieffenbachii) and banded kokopu (Galaxias
fasciatus) also had a large proportion of terrestrial
invertebrates in their diet. Filamentous green algae
were found only at pasture sites, where they were
sometimes abundant. The wide range of 813C values
of filamentous green algae (-18.8 to -29.7%o)
complicated understanding of their role in the
stream food webs. The 813C values of Cladophora
were related to water velocity, with more 13C-
enriched values in pools than in runs (-23.2%o in
pools, mean velocity 0.12 ms" ' ; -28.1%o in runs,
mean velocity 0.24 m s"1). Crayfish and the
gastropod mollusc Potamopyrgus appeared to be
the only invertebrates to eat filamentous green
algae.
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INTRODUCTION

In the Waikato region of New Zealand, biomass of
fish and eel production has been related to land use.
Pasture streams had much greater fish biomass and
eel production than forested streams (Hicks &
McCaughan 1997), and pasture streams also had
the greater primary production (Quinn et al. 1997a).
The aim of this project was to investigate the
influence of land use on food webs in streams in
the Waikato region. Food webs in streams begin
with inputs of organic and inorganic carbon (C) and
light, and food web components may include algae,
leaf litter, non-predatory and predatory
invertebrates, and fish (e.g., Rounick &
Winterbourn 1986). Catchment vegetation,
especially in the riparian zone, has a major influence
on food webs in streams, through both shading and
litter inputs (e.g., Vannote et al. 1980; Cummins et
al. 1989; Gregory et al. 1991).

Food webs were studied by tracing the fraction-
ation of stable isotopes of C (12C and 13C), and
nitrogen (N) (14N and 15N), and by examining the
gut contents of fish. The basis of the isotope
technique is that enzymatic and diffusion processes
discriminate against the heavier isotopes of both C
and N, resulting in a predictable change in isotopic
ratio in the consumer compared to the source
(Griffiths 1991). The use of both C and N isotopes
together improves the resolution of food webs
compared to analysis of C isotopes alone (Peterson
& Fry 1987; Fry 1991), and overcomes some of
the criticisms recently aimed at isotope food-web
analyses by France (1995a; 1996a,b,c).

Isotopic ratios of carbon
The importance of allochthonous C compared to
autochthonous C as a base for secondary production
can theoretically be determined from the 813C of



652 New Zealand Journal of Marine and Freshwater Research, 1997, Vol. 31

the consumers. Allochthonous C derived from
terrestrial plants with the C3 photosynthetic pathway
generally has a 8I3C value of-26 to -29%o, c. 20%o
less than the 813C value of atmospheric CO2 (-8%o;
O'Leary 1988). Diffusion and photosynthesis
discriminate against 13C, the heavier stable isotope
of C. In water, HCO3~ can act as a C source. Since
the 813C of HCO3" can be 9%o more negative than
dissolved CO,, photosynthesis using HCO ~ can
result in aquatic plant tissue that has 813C values of
c. -35%o (e.g., Rau 1980; Rounick & Hicks 1985).

In practice, the S13C values of terrestrial and
aquatic is quite variable. Substrate limitation can
overcome enzymatic discrimination, resulting in
less negative 8I3C values than expected. Carbon in
in the leaves of terrestrial plants may vary
seasonally in 8I3C by 5%o in response to stomatal
closure at times of water stress (Walcroft et al.
1997). High irradiance can cause terrestrial leaves
to be less negative in 813C than leaves
photosynthising at low irradiance; leaves in the
upper canopy can be 3^4%o less negative than leaves
in the lower canopy (Ehleringer et al. 1986;
Schlesser 1990, 1992).

Aquatic plants photosynthising in water also
show seasonal variability in 813C (Boon & Bunn
1994). In lake phytoplankton, high rates of
photosynthesis lead to substrate limitation and 813C
values close to 0%o (McCabe 1985). Despite this
variability, aquatic plants often have different values
of 8I3C than land plants (O'Leary 1988), which
enables determination of whether a food web is
principally based on land plants or in-stream
primary production (e.g., Rounick et al. 1982;
Winterbourn et al. 1984; Rounick & Hicks 1985).
Where isotopic signatures of C sources do not
follow predictions, the results may still usefully
indicate testable hypotheses concerning ecosystem
function.

The C ratio of each consumer should reflect its
assimilated C, with an enrichment in 13C caused
by the assimilatory and respiratory processes that
use 12C preferentially. The 813C of the consumer
can be 0-1 %o less negative than its food (Peterson
& Fry 1987). White muscle of rainbow trout
(Oncorhynchus mykiss) aged 0-2 years and fed on
trout pellets was 0.9-1.7%o less negative than their
food; enrichment declined with age and size
(Rounick & Hicks 1985). A similar decline of 13C
enrichment with increasing size was observed in
brook char (Salvelinus fontinalis, Peterson &
Howarth 1987).

Isotopic ratios of nitrogen
The ratio of I5N/14N in air is relatively invariant
(Mariotti 1983), and is the defined zero point.
Leaves of terrestrial plants may range in 815N from
-8 to +3%o, and where aquatic plants have different
values to those of terrestrial plants that might
contribute litter to a stream, N isotopes may function
as source markers for tracing the autochthonous or
allochthonous origin of N in food webs, augmenting
information from the ratio of 13C/12C (Peterson &
Fry 1987; France 1995b). Nitrogen fixation also
affects the 815N of N sources, resulting in organic
N that is 815N 0.6-4. l%0 more negative than the N
source. Values in plant tissues reflect their N source
(Handley & Raven 1992; France 1995b).

Nitrogen in most parts of the biosphere has 815N
values ranging from -10 to +10%o, primarily
because the N uptake by plants and microbes is
limited by supply rather than by enzymatic uptake
(Peterson & Fry 1987). However, subsequent
fractionation is greater for 15N than for 13C,
frequently resulting in a c. 3%o increase in 815N
between trophic levels (Peterson & Fry 1987;
Handley & Raven 1992).

STUDY AREAS

Study sites in the Waikato region were located on
streams draining native forest (three sites), exotic
forests of Pinus radiata (four sites), and pasture
lands (four sites). The physical characteristics of
the sites have been previously reported (Hicks &
McCaughan 1997). The fish populations of these
streams were dominated by longfinned eels
(Anguilla dieffenbachii), though shortfinned eels {A.
australis) were also abundant at pasture sites (Hicks
& McCaughan 1997). Banded kokopu (Galaxias
fasciatus) occurred at forested sites, and Cran's and
redfinned bullies (Gobiomorphus basalis and G.
huttoni) were found at exotic forest and pasture
sites. Common smelt {Retropinna retropinna)
occurred at one pasture site only. The freshwater
crayfish (Paranephrops planifrons) was common
at all sites.

MATERIALS AND METHODS

The majority of samples were collected in January
and early February 1993, and from one site in
January 1994. Some additional invertebrates
samples used to make up a core group at each site


