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Differential utilization of allochthonous and autochthonous
inputs by aquatic invertebrates in some New Zealand streams:
- a stable carbon isotope study
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. Energy utilization by benthic invertebrates from several New Zealand streams was
investigated using stable carbon isotope analysis. **C/*2C ratios indicated that the
faunas of small, forested streams depended primarily on allochthonous sources of
carbon whereas variable utilization of allochthonous and autochthonous materials
was shown by species from a grassland stream. Relatively *C-depleted values
obtained for the mayfly, Deleatidium from forested sites suggest that its larvae as-
similate algae selectively. A shift to greater dependence on autochthonous energy
sources was shown by invertebrates from small, recently clearcut catchments (1—4 yr)
in response to canopy removal and flushing of forest-derived organic materials from
the streams. Although coarse in its resolving power, stable carbon isotope
methodology provides insights into the trophic linkages within a community and has
potential as a management tool.
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YTWIM3aLMA SHEpTUM GeHTOCHsMH GeCTIO3HOUHEMM M3 HEKOTOpHK pek HOBOi 3esiaH—
MK HCCIIEOOBAIH METOHOM OrpelesieHsT CTabWIbHX H30TONOB yIryepona. OTHOuwe-
me 13¢/12C nokasano, UTO MMBOTHOE HACEsIEHHE MESIKUX JIECHHX DEK 3aBHCHUT B
MEPBYI0 OUEpenb OT &VIOXTOHHHX WCTOYHMKOB YIVIEPOHa, U pPas3sMyHasgs CTEeNeHb y-
TWHM3aLMKH UUIOXTOHHEX ¥ aBTOXTOHHLIX MATEPHANIOB TNOKasaHa [y BHOOB U3 peK,
JTYTOBLIX COOBLECTB. OTHOCUTENBHOE CHYKEHHE CONEpKAHMA 13C YCTAHOBJIEHHOE V
riomeHok Deleatidium, K3 JIECHHX MECTOOOHTAHMII, [IOKASKBAET, YTO UX JIMIMHKH
U3OHPATENTbHO aCCHMIWHPYIT BOIOPOCIM . YBEIMUYEHHE 3aBHCHMOCTH OT ABTOXTOHHEX
HMCTOYHUKOB 3HEPIVM YCTAHOBJIEHO VA BECTIO3BOHOUHLIKX U3 HEeOOIBIMX, HEOABHO
- CPOPMHPOBAHHEIX BONOPOCGOPHEK TeppHUTOpHi (1-4 roma) B pesyrbTare cBeneHMs
N JIECHOT'O TOKPOBA M BEMEBAHUA OpPTaHWUECKOT'O MATEPHANA JIECHOT'O [MPOHCXOXOEHUS

, U3 peK. MeTommka CTaGWIbHHX M30TONOB YITIEPOIA XOTH U IOBOIBHO HETOYHAs IO
CBOEN paspeudimed CrIOCOBHOCTH, HOAeT NpenCcTaBieHHe O TPOJUUECKHX CBA3AX B
COOBECTBE U MOXET MUCTIONL30BATBCA [TPH MOHUTOPUHIE.
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1. Introduction

Trophic relationships of benthic stream invertebrates
have been the subject of many studies. Early workers
such as Percival and Whitehead (1929), Badcock
(1949) and Jones (1950) observed that algae and de-
tritus of both allochthonous and autochthonous origin
comprised much of the material ingested by a wide
range of species. Several recent studies have stressed
the importance of allochthonous inputs as the primary
sources of carbon utilized as food in woodland streams
(e.g. Minshall 1967, Cummins 1974). However, sig-
nificant autotrophic production can occur in many
streams and rivers (Minshall 1978) and since algal
populations turn over rapidly, much dead algal material
must enter the detrital pool. In desert streams, detritus
of autochthonous origin predominates (Busch and
Fisher 1981) whereas in heavily shaded forest streams
most detrital material is terrestrial in origin (Fisher and
Likens 1973). Most stream environments probably fall
between these two extremes and both kinds of detritus
undoubtedly occur. The questions arise, can or do par-
ticular species utilize both allochthonously and au-
tochthonously derived detritus as food, and if not, are
some species restricted to certain kinds of stream for
this reason?

The main aim of our study was to investigate the
energy utilization of benthic invertebrates in contrasting
streams where the relative contributions of allochthon-
ous and autochthonous inputs were markedly different.
We approached this problem using stable carbon
isotope analysis which has been used successfully for
elucidating marine, estuarine and terrestrial food chain
relationships  (Haines 1976, McConnaughey and
McRoy 1979, Tieszen et al. 1979), and for identifying
carbon sources in terrestrial (Boutton et al. 1980) and
aquatic ecosystems (Rau 1980). In terrestrial ecosys-
tems this is because plants using C; and C, photosyn-
thesis pathways exhibit distinct carbon isotope ratios
(=21 to —33 per mille vs. PDB and -9 to —17 per mille
vs. PDB, respectively) (Boutton et al. 1980). Since the
BC/'2C ratios of terrestrial plants are also distinct from
those of aquatic algae (Rau 1980), as a result of the
13C-depleted HCOj3 source utilized by aquatic plants,
this provides a basis for identification of food utilization
of aquatic animals. This is because only a small increase
in *C/'C has been found in animals relative to their
food (DeNiro and Epstein 1978). A further advantage
of stable carbon isotope methodology is that animal
tissues provide a summary of their previous feeding
history, not simply what they ingest (as observed for an
instant in time by gut analysis) but what materials are
utilized for tissue growth.

A subsidiary aim of this work was to investigate
whether large-scale watershed practices (clearcutting
and burning) resulting in increased autochthonous
primary production were reflected by the *C/*2C ratios
of the invertebrate fauna.

192

2. Study sites

Animals and potential foods for stable carbon analysis
were obtained from nine streams in the South Island of
New Zealand. The principal sites at which the most ex-
tensive collections were made were Middle Bush
Stream and Grasmere Stream, located about 1 km apart
in the Cass basin, western Canterbury (43°02'S,
171°46'E). Middle Bush Stream drains a 28 ha catch-
ment of subalpine scrub, tussock and bare, scree slope
and includes a 3—4 ha stand of mountain beech,
Nothofagus solandri var. cliffortioides (Hook.f.) Poole
through which the stream flows. In the forest, the
stream is well shaded (Tab. 1) with a rough boul-

Fig. 1. Upper. A section of Middle Bush Stream in mountain
beech forest. Lower. Grasmere stream flowing through tussock
grassland.
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Tab. 1. Environmental data measured for Middle Bush and
Grasmere Streams.

Middle
Bush Stream

Grasmere Stream

Discharge®* (I1s™)....... 4 124

Mean width (m)........ 1 2.8

Mean depth (m) ....... 0.25 0.40

Alkalinity

(ug mI* CaCO3) ....... 372 34.6

pH ...... ...l 6.8 6.4

Annual temperature

range (°C) ............. 1-14 5-17

% Shading ............ 80 5

Light input®

(langleys d™') .......... 14 58

Dominant algal genera .. Rhoicosphenia, Cladophora,
Cocconeis Melosira,

Gomphonema

Algal standing crop®

gm2 0.38+SE 0.11  2.94*SE 0.43

Primary course

particulate input ....... Beech Tussock

a. Mean summer discharge.

b. Estimated for 24 h autumn day using method in Rounick
and Gregory (1981).

¢. Maximum autumn standing crop levels.

der-strewn bed and steep banks (Fig. 1). Large amounts
of coarse particulate allochthonous material, particu-
larly beech leaves and twigs, enter the stream through-
out the year (Winterbourn 1976, McCammon 1978)
and autochthonous primary production is low (Cowie
1980, unpubl. data). The stream fauna is dominated by
larval insects with species of Ephemeroptera, Plecop-
tera, Trichoptera and Diptera-Chironomidae being
most common (see Davis and Winterbourn 1977, Win-
terbourn 1978).

Grasmere Stream is larger than Middle Bush Stream
(Fig. 1, Tab. 1) and for much of its length flows through
tussock grassland. Its sources are two small lakes (Sarah
and Grasmere) and several beds of Phormium tenax
J.R. et G. Forst. and Typha orientalis G.B. Presl. occur
along the upper course. In its middle reaches where
collections were made the bed is predominantly gravel
and larger stones. The stream supports a high standing
crop of benthic algae throughout the year and localized
beds of macrophytes including Elodea canadensis
Michx., Ranunculus fluitans Lam., Potamogeton chees-
manii A. Benn. and Myriophyllum propinquum A.
Cunn. The invertebrate fauna is dominated by species
of Trichoptera, Ephemeroptera, Chironomidae and a
gastropod, Potamopyrgus antipodarum.

All additional study sites were located west of the
main alpine divide near the towns of Reefton and
Ahaura. Callaghans Creek in the Hochstetter State
Forest (42°24'S, 171°33’E) is a low-gradient stream
similar in size to Middle Bush Stream with a stable,
stony bed. Collections were made at two sites, in the
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lower reaches where it flows through dense beech forest
and is heavily shaded, and in the headwaters where the
original vegetation has been replaced 10 yr ago by ex-
otic Monterey pines Pinus radiata D. Don.

All other collections were made in small, primary
tributaries within the New Zealand Forest Service’s
Maimai Experimental Catchment Area (see Neary et al.
1978). The streams drain catchments ranging from 1.6
to 8.3 ha, all of which supported beech-podocarp-
hardwood forest prior to 1976. Subsequently, a number
have been logged and in some cases burnt and replanted
with P. radiata and eucalypts (Eucalyptus delegatensis
R.T.B.). Collections were made from two control and
four logged catchments (see Tab. 3 for details). All
streams had predominantly gravel substrates and very
low discharge at the time of sampling (1-4 1 s7), but
varied in degree of shading, development of benthic
algal populations and inputs of forest litter.

3. Methods

Invertebrates and potential foods for isotope analysis
were collected from Middle Bush and Grasmere
Streams at intervals over a period of 8 months (October
1980—-June 1981). For some insect species, late instar
larvae were taken but whenever possible adults and
pupae were obtained, as they should provide a summary
of an insect’s trophic history in their tissues. Both po-
tential foods and animals were preserved soon after
collection by freezing; molluscs after they had egested
their gut contents. Single collections were made from
Callaghans Creek and the Maimai Experimental
Catchments in May 1981. They consisted of pupae and
late instar larvae as well as potential foods.

Riparian vegetation sampled included pine needles
(P. radiata), leaves of tussock (Festuca novae-zelan-
diae), beech leaves and beech wood which had been
submerged in Middle Bush Stream for 3 yr. Beech
leaves were collected from living trees, the forest floor
and in water on the stream bed. Samples of three aqua-
tic macrophytes were taken from Grasmere Stream.
Fine particulate organic matter (FPOM; 0.45 um-1.0
mm) was collected at Middle Bush Stream and Gras-
mere Stream in stone-filled containers which were sunk
into the stream beds for a month. At the other sites,
FPOM was obtained in sediment cores and passed
through a 1 mm mesh sieve. Algae and associated
materials were scraped from stones and from glass slides
which had been left in the Cass streams for a month. An
almost pure algal sample was obtained by thoroughly
washing a clump of Cladophora from Grasmere Stream.

Leachate for isotope analysis was obtained by soaking
preabscission beech leaves in ca. 10 1 of non-sterile
distilled water for 24 h. The concentrated leachate was
filtered (0.45 um) to remove any FPOM and freeze
dried. Finally, one litre' samples of Middle Bush and
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Grasmere Stream water were collected for dissolved in-
organic carbon (DIC) isotope analysis. Water samples
were filtered in the field (0.45 pum) and stored in the
dark in full, airtight, glass bottles at <4°C for up to 7 d.
DIC was precipitated as SrCO,; from which CO, was
evolved with acid for mass spectrometric analysis.

In preparation for analysis, materials were unfrozen,
and guts dissected from insect larvae to remove undi-
gested food. Any materials suspected of containing car-
bonates were acidified with 1N HCIL. Up to 50 individu-
als of each species from each site were pooled, freeze-
dried, pulverized and stored in a desiccator. At the In-
stitute of Nuclear Sciences laboratory, 3—5 mg subsam-
ples were oxidized in sealed quartz “vycor” tubing using
a break-seal method (Buchanan and Corcoran 1959).
The resulting CO, was purified and analyzed in a Nuc-
lide 6-60 ratio mass spectrometer. Results are reported
as the relative per mille difference between the isotope
ratio of the sample and that of the international PDB
standard (Craig 1957), expressed as follows:

1312
13, = ( C/ C)sam le 1
8"Ceps [—ﬂ—(lsc/ 2C)ny 1 % 1000 per mille

The more negative the 83C value the greater the *C
depletion. Analytical precision was judged on the basis
of eleven replicates of a graphite standard (NBS-21)
analyzed over a period of three months (X = —27.99 per
mille, 1 SD = 0.12, range = 0.36). Replicates of poten-
tial food and animals placed randomly in the processing
order never differed by 0.4 per mille.

4. Results
4.1. Middle Bush Stream

8'3C values obtained for invertebrates and allochthon-
ous food materials collected from Middle Bush Stream
ranged from —29.5 to —23.9 per mille and -27.3 to
—25.0 per mille respectively (Tab. 2). Laboratory pro-
duced mountain beech leachate was slightly more
13C-enriched (-25.3 per mille) than the other carbon
sources. Beech leaves at different stages of decomposi-
tion showed progressive *C enrichment, ranging from
-30.7 per mille for living leaves to —~27.3 per mille for
those submerged and decomposing in the stream. Beech
wood which had been in the stream for 3 yr was even
more *C enriched at —25.0 per mille.

The ¥C/'2C ratios of invertebrates from Middle Bush
Stream reflected the ratios of allochthonous materials
(Tab. 2). Limonia nigrescens, a tipulid which inhabits
decaying beech logs was most *C enriched (-23.9 per
mille), and its **C/*2C ratio closely corresponded to that
of the wood. Least *C enrichment was observed in De-
leatidium sp., a browsing mayfly which was abundant on
stones in riffles. The two large, leaf and bark shredding
caddisflies, Oeconesus maori and Zelandopsyche ingens
had 8'3C values close to those of their suspected foods,
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as did the leaf-shredding stonefly, Austroperia cyrene.
All predatory insect larvae possessed ratios close to
those of their probable prey.

Stable carbon isotope data from Callaghans Creek
(Tab. 2) also indicated a close relationship between al-
lochthonous organic materials and invertebrates in both
the beech and pine vegetated sections of the catchment.

4.2. Grasmere Stream

8*3C values for potential foods from Grasmere Stream
ranged from —35.0 to —23.6 per mille, all materials be-
ing depleted in **C relative to Middle Bush samples
with the exception of tussock. Greatest 1*C depletion
(=35.0 per mille) was found in a sample of filamentous
algae from which entrapped fine particles had been
washed.

Grasmere Stream invertebrates had 8'C values
ranging from —35.8 to —29.2 per mille suggesting var-
iable dependence on autochthonous and allochthonous
materials as food. Pycnocentria evecta, a caddisfly
whose browsing larvae ingest large amounts of algae
showed the greatest *C depletion whereas deposit
feeding Chironomidae and Oligochaeta were most >C
enriched. 8*C values for predatory insects were var-
iable (-32.4 to —29.3 per mille), and an average 56 per
mille lighter than those for insect predators from Middle
Bush Stream. Overall, it is clear that related species
from Grasmere Stream showed a higher dependence on
autochthonously derived foods (algae, macrophytes)
than did those from Middle Bush.

4.3. Maimai experimental catchments

813C values for common aquatic invertebrate species
and their potential foods from tributaries in the Maimai
experimental area are shown in Tab. 3. The streams
drain catchments which vary in management treatment
(burnt or not burnt), age of cut, and time of replanting,
factors which could be expected to affect the availability
of different foods.

The mayfly Deleatidium was most **C depleted in the
earliest logged catchment, and the 8'*C value of ~35.3
per mille indicates that algae were a major source of
carbon utilized there. On the other hand, Deleatidium
from streams in unlogged and more recently logged
catchments, where considerable allochthonous debris
was still present in the channels, had higher §"*C values.
These were similar to those found in Deleatidium from
Middle Bush and Callaghans Creek, and indicated
greater allochthonous food dependence. It is of par-
ticular interest to note that the same trend was shown
also by Stenoperla prasina, the major invertebrate pre-
dator in these streams. This stonefly probably feeds to a
large extent on Deleatidium as in other streams (Win-
terbourn 1974, Devonport and Winterbourn 1976).
Shredders were not found in streams draining the ear-
lier-logged catchments where little coarse organic de-
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Tab. 2. 83C values of potential foods and invertebrates from four sites. Invertebrate feeding mode is represented as follows: CB-
collector-browser; O- omnivore; P- predator; S- shredder.

Feeding Middle Bush  Grasmere Callaghans Creek Callaghans Creek

Mode Stream Stream (Beech forest) (Pine plantation)
Potential Foods
Beech leaves (living tree) ............... -30.7
Beech leaves forest floor ................ —28.5
Beech leaves stream conditioned ......... -27.3
Beech wood conditioned for 3 yr......... -25.0
Beechleachate ......................... -25.3
Pinus radiata needles ................... -29.1
FPOM (< 1 mm > 0.45um) ............ -272 -29.1 -28.8 -28.4
Dissolved inorganic carbon .............. -11.1 -12.1
Stone organic layer ..................... -26.0 -33.2
Fissidens rigidulus (C. Mueller) .......... -29.8
Cladophora sp. . ........................ -35.0
Myriophyllum propinquum A. Cunn. ..... -26.8
Elodea canadensis Michx. ............... -31.1
Festuca novae-zelandiae Cock. ........... -23.6
Invertebrates
Oligochaeta
Eiseniella tetraedra (Savigny) ........ CB -24.7 -29.3
Gastropoda
Potamopyrgus antipodarum (Gray) ... .. CB -34.5
Decapoda
Paranephrops planifrons White ........ O -26.2
Ephemeroptera
Coloburiscus humeralis (Walker) ..... .. CB -33.6 -26.1 -27.4
Deleatidium sp. ...................... CB -29.5 -35.2 -29.2 -29.0
Plecoptera
Austroperla cyrene (Newman) .. ........ S -26.2
Spaniocerca zelandica Tillyard ......... CB -24.9
Stenoperla prasina (Newman) .......... P -25.9
Zelandobius confusus (Hare) .......... CB -31.1
Z. furcillatus Tillyard ................. CB -23.9
Megaloptera
Archichauliodes diversus (Walker) ... ... P -26.8 —28.4
Trichoptera
Aoteapsyche colonica (McLachlan) .. ... CB -33.2
Edpercivalia maxima (McFarlane) . ..... P —25.2
Hudsonema amabilis (McLachlan) . ... .. (¢) -30.7
Hydrobiosis clavigera McFarlane ....... P -324
Hydrobiosella stenocerca Tillyard . . .. ... CB -25.5
Hydrobiosis sp. ...................... P -25.7 -31.1
Neurochorema confusum (McLachlan) .. P -29.4
QOeconesus maori McLachlan........... S -26.1 -28.1
Olinga feredayi (McLachlan)........... CB -25.6 -31.5
Philorheithrus agilis (Hudson) ......... P —24.7
Polyplectropus puerilis (McLachlan) .... O -30.0
Psilochorema sp. ..................... P -29.3
Pycnocentria evecta McLachlan ........ CB -35.8
Triplectides obsoleta (McLachlan) ...... S —28.5 -29.6
Zelandopsyche ingens Tillyard ......... S -27.1 -25.6
Diptera
Chironomidae ....................... CB ~29.2
Limonia nigrescens (Hutton) ........... S -23.9
Coleoptera
Helodidae Species A ................. CB =259
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Tab. 3. §'3C values of potential foods and invertebrates from six catchments in the Maimai Experimental Catchment Area.

Feeding modes as in Tab. 2.

Chatchment number 205
Treatment(s)

Feeding Planted 1978

Logged 1978 Control

206 207 208 214 215
Logged 1976 Logged 1979 Logged 1977 Control

Burnt 1977 Burnt 1980 Burnt 1978

Mode Planted 1977 Planted 1980 Planted 1978

Potential Foods
Algae ...l -32.5
FPOM . ... ..., =279 =272 -28.1 -27.4 -28.1
Invertebrates
Plecoptera

Austroperla cyrene ............. S -31.8 -25.4

Stenoperia prasina ............. P -29.4 -28.5 -27.0 -27.3
Trichoptera

Hydrobiosella stenocerca . ....... CB -25.8

Oeconesus maori . .............. S -24.9

Hydrobiosis sp. ................ P —28.5

Triplectides obsoleta . ........... S -29.4

Zelandopsyche sp. ............. S —27.8
Ephemeroptera

Deleatidium sp. ................ CB =329 -29.3 -30.4 -35.3 -28.5
Megaloptera

Archichauliodes diversus ........ P —-27.1
Decapoda

Paranephrops planifrons ........ O -23.9 -28.6 -25.8

bris remained. 8'3C values of insects taken from the
control and 1979-logged catchments indicated a con-
tinued dependence on allochthonous materials whereas
some utilization of more *C-depleted carbon sources
by Triplectides obsoleta and Austroperla cyrene was ap-
parent in the 1978-logged catchment 205.

5. Discussion

The success of this study depended on the existence of a
measurable isotopic distinction between allochthonous
and autochthonous carbon sources at the study sites.
8'3C values of potential, allochthonous foods were all
about —27 per mille as expected for terrestrial C; plants
(Boutton et al. 1980).

In contrast, 8'*C values for algae and aquatic mac-
rophytes approached —35 per mille, a result of the
13C-depleted HCOj3 source utilized by aquatic plants.
Biogenic (respiration) CO,, depleted in **C can also
contribute to the inorganic carbon pool utilized by
aquatic producers and so lower 8C values further
(Rau 1978). However, since 8'3C values for dissolved
inorganic carbon in water samples from Middle Bush
and Grasmere Streams (—11.0 and —12.1 per mille, re-
spectively) were within the range expected for river
water with isotope exchange with atmospheric carbon
dioxide (Mook 1970), it is apparent that biogenic CO,
was not a significant source of *C depletion in this
study.

The 8"3C data obtained demonstrated quite clearly
the linkages between primary carbon sources and con-
sumers at the study sites. Since they give a summary of
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an animal’s trophic history, they also offer insights not
provided by more traditionally employed methods.
While radiotracers can provide information on utiliza-
tion of selected materials under controlled conditions,
they have only limited application in the field. Gut
content analyses provide an instantaneous picture of
food recently ingested, but tell nothing about the utili-
zation of that food. Stable carbon isotope analysis can
overcome some of those limitations, although at least in
the way we have been using it, the technique is re-
stricted to evaluation of food relationships at a rela-
tively coarse (i.e. autochthonous vs allochthonous)
level. This is because 8'3C values of potential foods
compared must be distinct.

The 8'3C values for Middle Bush invertebrates, indi-
cated a clear dependence on terrestrial vegetation as
food. This was not unexpected as allochthonous materi-
als are generally regarded as being the principal sources
of carbon supporting the benthic communities of small,
forested streams (e.g. Cummins 1974). However, the
relatively 1*C-depleted values obtained for Deleatidium
at all forested sites suggests that this species is less de-
pendent on terrestrial carbon than the other species
examined. Deleatidium larvae feed on stone surface
organic layers which consist of bacteria, fungi, fine par-
ticulate detritus, polysaccharide slimes and diatoms.
The heterotrophic and allochthonously derived compo-
nents of the layer would have a **C value of about 26
per mille whereas the value for diatoms is expected to
be about —33 per mille. The larvae appear to ingest
materials non-selectively as indicated by gut content
analysis (Cowie 1980; authors’ unpubl. data). However,
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the 3C-depleted values obtained for Deleatidium tissue
(=29 to =35 per mille) indicate that diatoms are assimi-
lated selectively or more efficiently, a condition which is
not apparent from an examination of gut contents
alone. This is in accordance with Greig’s finding (1976)
that Deleatidium larvae assimilate diatoms with a high
efficiency, ca. 65%. This illustrates one of the strengths
of the stable carbon isotope methodology, and is
analogous to the findings of Rau and Anderson (1981)
that leachate represented an important source of “in-
visible”” carbon incorporated into a laboratory popula-
tion of the caddisfly Clistoronia magnifica (Banks). On
the other hand, it should be remembered that the only
carbon available for analysis is that which is incorpo-
rated into the insect’s body tissue. Although, animals do
not fractionate the carbon isotope composition of their
food (DeNiro and Epstein 1978) it is possible that dif-
ferent foods are utilized in different ways (e.g. incor-
poration into body tissue or immediate oxidation). Sta-
ble carbon ratios will only reflect those sources of food
incorporated into body tissue.

In Middle Bush Stream, Deleatidium larvae can con-
stitute over 50% of the animals taken in benthic sam-
ples and up to 10% of the invertebrate biomass (au-
thors’ unpubl. data). This indicates that despite its low
standing biomass (<0.3 g m™, Tab. 1) algal production
can support substantial secondary production. This is
possible since turnover of algal populations is rapid in
comparison with rates of insect growth (MclIntire 1973),
and provides further evidence to support Minshall’s
(1978) view that the role of autotrophs as a source of
energy to consumers should not be underestimated in
apparently “‘heterotrophic”™ streams.

The sources of organic carbon utilized by primarily
detritus-feeding invertebrates in Grasmere Stream are
more difficult to determine since detritus includes mat-
erial of algal, aquatic macrophyte and terrestrial origin
present in various proportions. The 83C value of —29.1
per mille for the sample of FPOM analysed indicated
that it included material of allochthonous and au-
tochthonous origin. Using Rau’s (1980) proportional
method it can be calculated that the former made up
53-76% depending on the ratio of algal to mac-
rophyte-derived material present. In addition, the com-
position of FPOM is likely to vary spatially and season-
ally, reflecting climatic and phenological phenomena.

Grasmere Stream invertebrates were all depleted in
13C compared with those from forested sites, and the
range of 83C values recorded indicate variable depen-
dence on allochthonous and autochthonous materials.
This was supported by gut analyses. The gastropod,
Potamopyrgus antipodarum showed a high level of de-
pendence on algae as a source of carbon (83C =
—34.5), and Wisely (1961) suggested that its faeces may
represent a major source of food for the filter-feeding
mayfly, Coloburiscus humeralis in this stream. The
plausibility of this suggestion is supported by the stable
carbon data (Tab. 2).
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Results obtained from the Maimai experimental
catchments show the value of stable carbon isotope
analysis for investigating trophic responses of stream
invertebrate communities to environmental change.
Our results, which are of only a preliminary nature,
provide an indication of the time scale involved in ad-
justment by the fauna to a change in energy base. Thus
age of cut was important in determining the type of
material utilized. The most *C-depleted insects
occurred in the earliest logged catchment (5 yr prior to
sampling), reflecting the increased role of algae in their
diets. This in turn is a consequence of greater benthic
primary production, reduction in forest inputs and the
efficient flushing of forest-derived organic materials
from the stream by sequential floods. In contrast, stable
carbon ratios of invertebrates from the most recently
logged catchment (2 yr before sampling) were similar to
those of animals from control catchments and indicated
little shift in food dependence in this short time.

It is also of interest to note that changes in the nature
of the food base following catchment vegetation re-
moval apparently had little impact on the species com-
position of the Maimai stream communities. Thus, with
the exception of the oeconesid caddisflies which are
obligate large particle detritivores, whose source of food
was removed by logging (and in the case of stored mat-
erials, floods), no losses or gains of species or marked
changes in relative abundance were apparent (unpubl.
surveys). This is in contrast to several recent North
American studies (e.g. Webster and Patten 1979, New-
bold et al. 1980) and in part may be a consequence of
the relatively short time which had elapsed since log-
ging. Nevertheless, it is consistent with our observations
on the nature of New Zealand stream faunas in general
(Winterbourn et al. 1981) which indicate that a nucleus
of common genera and species prevail in many streams
whether they be in indigenous beech, kauri, or
podocarp-hardwood forests, pine plantations or pre-
dominantly grassland. Many of these species clearly
possess considerable ecological flexibility with respect
to habitat requirements, life history patterns, and as in-
dicated by gut analyses and the present work, food re-
quirements. Although plant material of various origins
is ingested by many species and converted to animal
tissue, it will vary in quality and hence is likely to affect
growth as demonstrated by Ward and Cummins (1979)
and Fuller and Mackay (1981). If so, differences in
growth rates and life history patterns of a species might
be expected at different sites reflecting in part the na-
ture and quality of the available carbon sources. Such an
explanation could help explain the different life history
patterns of stoneflies recorded by Cowie (1980) at
forested and open sites within a single New Zealand
river system.

In future, refinements and improvements in the ap-
plication of stable carbon isotope methodology to
ecosystem studies are likely to be forthcoming. Analysis
of insect larvae at different stages of development, and
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at different times of year should enable changes in food
dependence within the life history of a species to be
assessed. Further it is conceivable that analysis of pre-
dators alone could provide a useful ““short-cut”” method
for determining the sources of carbon supporting
benthic communities since the 8**C values of predators
reflect the trophic linkages beneath them. In combina-
tion with quantitative field estimates of animal numbers
and biomass, 8**C data also provides a means by which
the energy basis for secondary production can be de-
termined. Because the carbon isotope method discrimi-
nates between carbon sources at a relatively coarse level
(e.g. allochthonous vs autochthonous), it has limited
application in studies of specific food chain linkages.
However, because the insights into trophic dependence
it provides are broad, and applicable at a community or
ecosystem level of investigation, stable carbon analysis
would appear to have great potential as a management
tool.
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