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They also suggest field experiments, which generally 
will provide more powerful tests. 

Finally, we comment on the observations of Demp- 
ster (1983) that gave rise to these discussions. The ab- 
sence of (direct) density dependent mortality in the host 
population in the majority of studies of Lepidoptera 
may indeed result from difficulties of statistical detec- 
tion. It may, on the other hand, reflect the fact that the 
natural enemies do stabilize the system, but through 
density dependence in the parasitoid and only indirectly 
in the host, as in the case of aggregative parasitism. Al- 
ternatively, it may be that the natural enemies are not 
stabilizing. Other factors may stabilize the population. 
Or it may be, as Dempster (1983) suggested, that local 
populations are in fact not regulated around a stable 
equilibrium; their persistence may result, instead, from 
essentially stochastic forces, such as the dynamics of en- 
sembles of non-equilibrium local populations (Murdoch 
et al. 1985). 
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Summary. The ratio of gross photosynthesis to total ecosystem 
respiration (P/R) indicates whether a stream ecosystem is a net 
producer or consumer of organic matter, but does not show the 
extent to which stream consumers are supported by autochtho- 
nous or allochthonous matter. The transition between auto- 
trophy and heterotrophy in streams is not properly expressed by 
P/R = 1. An index based on the respiration of autochthonous 
and allochthonous matter would be more direct but almost im- 
possible to measure. A more practical alternative is the ratio 
PAUT/PALL derived from values of production in terms of biomass 
elaborated by macroinvertebrates assimilating either auto- 
chthonous or allochthonous matter. 
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and heterotrophic metabolism in stream ecosystems. 
The P/R ratio was intended to classify ecosystems as au- 
totrophic (P/R > 1) or heterotrophic (P/R < 1) depend- 
ing on whether they were net producers or net consum- 
ers of organic matter, thus permitting quantitative com- 
parisons between ecosystems. 

The P/R value is an ecosystem attribute that does not 
apply to individual organisms, nor was it intended to. 
The concepts of autotrophy and heterotrophy as they 
apply to stream ecosystems are not the same as those 
applying to individual organisms. An autotrophic or- 
ganism is, literally, a "self-nourishing" one - all of its 
food is internally synthesized, and, conversely, a hete- 
rotrophic organism derives all of its nourishment from 
external sources. By analogy, it is tempting to conclude 
that an autotrophic ecosystem (sensu Odum P/R > 1) is 
always dependent on food synthesized within the system 
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(autochthonous organic matter), and that a hetero- 
trophic ecosystem is always dependent on inputs of food 
from outside the system (allochthonous organic mat- 
ter). This conclusion would in fact be wrong, as will be 
demonstrated. In a sense, it is unfortunate that Odum 
chose the terms autotrophy and heterotrophy to be as- 
sociated with his ecosystem P/R ratio, since this has led 
to the organismal definition being misapplied to ecosys- 
tems, and incorrectly associated with specific P/R crite- 
ria. 

This misapplication is exemplified by the contempor- 
ary use of the term heterotrophic with reference to 
streams, which usually equates an excess of respiration 
over production (P/R < 1) with a dependence of the 
ecosystem on food produced outside the stream (Fisher 
and Likens 1973, Cummins 1974, Boling et al. 1975, 
Kaushik 1975, Bird and Kaushik 1981). This use is in- 
correct. The error lies in confusing autotrophy (P/R > 
1) and heterotrophy (P/R < 1), as originally defined by 
Odum, with the organismal concept of autotrophy and 
heterotrophy as applied to stream ecosystems: i.e., the 
relative importance of autochthonous and allochtho- 
nous matter in supporting stream communities. This pa- 
per will demonstrate that a value of P/R = 1 is not 
necessarily the transition point between an autochtho- 
nous-based stream ecosystem and an allochthonous- 
based one, and will then consider alternative ways of as- 
sessing the relative importance of autochthonous and al- 
lochthonous matter in supporting stream communities. 
For the purpose of this discussion, an autochthonous- 
based community will be considered to be one where 
more than 50% of the organic matter is autochthonous 
in origin, and an allochthonous-based community will 
have more than 50% of the respiration based on al- 
lochthonous organic matter. 

Open and closed ecosystems 

The implications of autotrophy and heterotrophy in 
terms of organic matter dynamics differ between sys- 
tems that are closed with respect to organic matter and 
those that are open (subsequently referred to simply as 
open or closed systems). Closed systems have no im- 
ports or exports of organic matter across their arbitra- 
rily defined system boundaries; terrestrial ecosystems, 
for example, are often essentially closed to organic mat- 
ter. Open systems, on the other hand, can have sub- 
stantial fluxes of organic matter across their system 
boundaries, as is the case with stream ecosystems. 

When gross primary production exceeds respiration 
in a closed autotrophic system, organic matter accumu- 
lates in the system either as a greater standing crop of 
organisms or as an increase in the size of the detrital 
pool, or both. In a closed heterotrophic system more or- 
ganic matter is respired than is synthesized, and organic 
matter decreases within the system owing to respiration 
of organic matter stored in the standing crop or detrital 

pool by excess production during an earlier autotrophic 
phase. Closed systems, whether autotrophic or hetero- 
trophic, are always autochthonous-based, since, by defi- 
nition, organic matter cannot be imported. 

Imports and exports complicate organic matter dy- 
namics in open systems. In an open autotrophic system, 
the net production of organic matter may be exported 
from the system (Busch and Fisher 1981, Fisher et al. 
1982), or it may cause a net increase in organic matter 
within the system by going into storage as organism bio- 
mass or detritus, or both processes may occur simulta- 
neously (Cummins et al. 1983). In an open hetero- 
trophic system, the net oxidation of organic matter may 
be based on a depletion of stored material, with an asso- 
ciated decrease in organic matter within the system, or 
it may be maintained by import of organic matter. The 
relationships between production, respiration, storage, 
and import/export are described in detail by Fisher and 
Likens (1973). Unlike closed systems, open systems 
may be either autochthonous-based or allochthonous- 
based. Thus the question as to whether a system is au- 
tochthonous-based or allochthonous-based arises only 
in open ecosystems. 

The error in equating a heterotrophic system with one 
having an allochthonous base can be made apparent by 
considering primary production and respiration in a hy- 
pothetical stream where all the organic matter respired 
is autochthonous in origin. The P/R ratio will equal one, 
assuming complete respiration of autochthonous mate- 
rial. As Minshall (1978) observed, if the situation is al- 
tered slightly by the input into the stream of a small but 
measurable amount of detritus that is also respired in 
the stream, then total respiration will exceed primary 
production, the P/R ratio will be less than one, and the 
stream will be heterotrophic, even though the ecosystem 
is still almost completely autochthonous-based. Obvi- 
ously a P/R ratio less than one does not necessarily 
mean that a stream is allochthonous-based. What then 
is the P/R ratio that represents the transition between 
an autochthonous-based community and an allochtho- 
nous-based one? To answer this requires that the P/R 
ratio itself be examined in more detail. 

P/R ratios in stream ecosystems 

The P/R ratio represents gross primary production (PG) 
within the stream (or reach of stream under consider- 
ation) divided by total ecosystem respiration (RTOT) in 
the same. Total respiration (by invertebrates, bacteria, 
fungi, plants, etc.) can be subdivided into three com- 
ponents: respiration by primary producers (Rpp), respi- 
ration of autochthonous organic matter by heterotrophs 
(RA^ T), and respiration of allochthonous organic matter 
by heterotrophs (RALL). The quantity of autochthonous 
matter ultimately available for respiration by hetero- 
trophs is the net plant primary production (PNPP), which 
is equal to gross primary production less respiration by 
primary producers (Benfield 1981). Thus, 
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PNPP = PG- RPP (1) 

Assuming complete respiration of autochthonously pro- 
duced material within the stream itself, then 

RAUT - PNPP (2) 

and 

RTOT = Rpp + RAUT + RALL (3) 

RAL = RTOT- Rpp 
- RAUT (4) 

P(, PG 
___ 

PG 
(5) 

RTOT Rpp + RAUT + RALL 

P(1 PG 
_p 6(6) 

RTOT Rpp + PNPP + RALL 

The transition state between an autochthonous-based 
ecosystem and an allochthonous-based one will be that 
state where the quantity of autochthonous matter re- 
spired equals the quantity of allochthonous matter re- 
spired. Therefore the transitional P/R value for the 
stream in question can be determined by setting RALL 

equal to the known RAUT (= PNPP), and substituting into 
Eq. 5. For example, assuming that net plant production 
is 50% of gross primary production (an extremely rough 
but reasonable approximation [Odum 1959]), then Rpp 
will equal 0.5 PG, RAUT (= PNPP) will equal 0.5 PG, and 

RAL1 must also equal 0.5 PG; thus the P/R expression 
will become 

PC, PG 

RI,() Rpp + RAUT + RALL 

PG 1 
- 0.67 

0.5 P(; + 0.5 PG + 0.5 PG 1.5 

Therefore, in a stream where net photosynthesis is 50% 
of gross photosynthesis, a P/R ratio of 0.67 will be the 
transition between a marginally autochthonous-based 
system and a marginally allochthonous-based one. The 
size of the actual observed P/R ratio for a stream rela- 
tive to the transitional P/R will then indicate whether 
the stream is autochthonous-based or allochthonous- 
based. A measured P/R value greater than 0.67 in the 
above example, for instance, would indicate an au- 
tochthonous-based ecosystem. 

It is of course unrealistic to assume that all of the 
plant material synthesized in a stream will be respired in 
it. For convenience, the actual proportion of plant ma- 
terial respired by heterotrophs can be expressed as 
kP,pp, where k is a processing factor varying from 0 
(100()% export) to 1 (complete respiration). Therefore 
P/R can be expressed as 

OIKOS 50:1 (1987) 

PG PG 

RTOT Rpp + kPNPP + RALL 
(7) 

where RAUT = kPNpP. Few published values for the de- 
gree of respiration of autochthonous matter in streams 
exist. McIntire and Phinney (1965) found cumulative 
periphyton exports to be 26% of periphyton net produc- 
tivity (k = 0.74). Using a computer simulation model, 
Mclntire (1973) found periphyton exports (including ex- 
ports of invertebrate grazer feces) to range from 37 to 
66% of cumulative net productivity (k = 0.63 to k = 

0.34). Breakdown of aquatic macrophytes within a 
given reach of stream is usually rapid and thorough 
(Fisher and Carpenter 1976), largely because of the ab- 
sence of sclerotized tissues characteristic of terrestrial 
plants, although much is simply transferred to the fine 
particulate organic matter or dissolved organic matter 
pools rather than being respired. The actual degree of 
respiration of autochthonous matter will depend on the 
length of the stream reach under consideration, the 
transport and storage properties of the stream, water 
temperature, and the nature of the autochthonous mat- 
ter. A value of k = 0.75, in conjunction with net pri- 
mary productivity equal to 50% of gross primary pro- 
ductivity (PNPP = 0.5 PG), gives a transitional P/R of 

p PG 

R Rpp + kPNpP + RALL 

0.5 PG 1 

0.5 P + (0.75)0.5 P + (0.75)0.5 P 1.25 0.8 
0.5 PG + (0.75)0.5 PG + (0.75)0.5 PG 1.25 

It is interesting to note that a k value of 0.5 and a PNPP 

value of 0.5 PG gives a transitional P/R ratio equal to 
one. In effect, these are the assumptions implicit in the 
use of a P/R ratio equal to one as the transition between 
an autochthonous-based ecosystem and an allochtho- 
nous-based one. 

The transitional P/R value will therefore depend on 
the efficiency of photosynthesis within a given reach of 
stream, and the degree to which primary producer tis- 
sue is respired by heterotrophs within the reach. The 
photosynthetic efficiency will vary with taxa, season, 
and other environmental conditions, but is nevertheless 
quantifiable; the completeness of respiration, on the 
other hand, is dependent on the transport and storage 
properties of the stream, the length of the reach being 
studied, water temperature, and the type of plant tissue 
being respired, and is extremely difficult, if not impos- 
sible, to measure in the field. Without knowledge of the 
degree of heterotroph respiration of autochthonous or- 
ganic matter (k value), the transitional P/R cannot be 
determined; and without a knowledge of the transi- 
tional P/R value in a particular stream, the measured 
P/R is of little use in assessing the relative importance of 
autochthonous and allochthonous matter in supporting 
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stream ecosystems. It therefore becomes apparent that 
the P/R ratio is of limited use in determining the trophic 
base of a community, unless the measured P/R ratio is 
very high or very low - in which case the relative im- 
portance of autochthonous or allochthonous matter 
would probably be obvious by visual inspection alone. 
When both autochthonous and allochthonous matter 
contribute substantially to stream metabolism their rela- 
tive importance is least obvious, and therefore of great- 
est interest. Unfortunately, it is in precisely these situ- 
ations, when the P/R ratio approaches one, that its use 
as a trophic indicator is least reliable. 

Alternatives to the P/R ratio 

The P/R ratio is in fact a rather oblique way of repre- 
senting the relative importance of autochthonous and 
allochthonous organic matter. A more direct index is 
the RAUT/RALL ratio. When RAUT/RALL is greater than 
one, respiration of autochthonous matter exceeds respi- 
ration of allochthonous detritus, and the stream is au- 
tochthonous-based; when the RAUT/RALL ratio is less 
than one, respiration of allochthonous detritus exceeds 
respiration of autochthonous matter, and the stream is 
allochthonous-based. Unlike the P/R ratio, the tran- 
sitional RAUT/RALL is fixed at unity for all systems. 

Although the RAUT/RALL ratio is a more direct index 
of the relative importance of autochthonous and al- 
lochthonous matter than the P/R ratio, in practice it suf- 
fers from the same shortcoming: to evaluate it, total res- 
piration must be accurately partitioned into that based 
on autochthonous matter and that based on allochtho- 
nous matter, and this is almost impossible to do. Never- 
theless, to assess the food base of a stream community 
as a whole using respiration values, including all levels 
of consumers, this distinction must be made. 

Fortunately, respiration is not the only measure of the 
dependence of an organism or community on a food 
source. Biomass elaborated may serve just as well, if 
not better. However, biomass elaborated at all con- 
sumer levels in a stream would be even more difficult to 
measure than respiration, particularly the biomass of 
fungi, bacteria, and protozoans, which always contri- 
bute substantially to stream metabolism (Suberkropp 
and Klug 1976). Although bacterial and fungal metabo- 
lism must be included when considering total ecosystem 
metabolism, in many cases it is not the entire stream 
consumer community that is of interest, but rather the 
macroinvertebrate community alone. The biomass of 
the macroinvertebrate community is something that is 
measured routinely, and can be done with fair accuracy. 
Therefore the proposed index of the relative depend- 
ence of the macroinvertebrate fauna on autochthonous 
versus allochthonous organic matter is the PAUT/PALL ra- 
tio, where PAUT is the macroinvertebrate biomass elab- 
orated from assimilation of autochthonous organic mat- 
ter, and PALL is the macroinvertebrate biomass elabor- 
ated from assimilation of allochthonous organic matter. 

PAUT/PALL > 1 = Autochthonous-based macroinverte- 
brate community 

PAUT/PALL < 1 = Allochthonous-based macroinverte- 
brate community 

It must be stressed that the biomasses referred to above 
should be annual production values rather than standing 
crops, since standing crops alone may be misleading be- 
cause of differential turnover rates (Benke et al. 1984). 

The problem thus becomes one of partitioning invert- 
ebrate production into that based on autochthonous 
(PAUT) versus allochthonous sources (PALL). This may be 
done in several ways: stable carbon isotope analysis, 
stomach contents analysis, and analysis of the detrital 
pool composition in conjunction with functional feeding 
group production. 

'3C is a stable carbon isotope naturally present in ap- 
proximately fixed proportions in air and water. Because 
of different metabolic pathways, 13C is differentially as- 
similated by aquatic versus terrestrial plants, and the 
13C/12C ratio of organic matter of aquatic origin is often 
significantly different from that of terrestrial origin. 
13C/12C ratios are usually not altered substantially by 
consumption, so that the 13C/12C ratios of invertebrates 
and higher predators should reflect their assimilated 
food sources. Stable carbon isotope analysis has been 
used successfully in New Zealand to assess the depend- 
ence of stream invertebrate communities on autochtho- 
nous versus allochthonous food sources (Rounick et al. 
1982, Winterbourn et al. 1984); nevertheless, it is ex- 
pensive, and its use in North America has been limited 
mostly to lentic ecosystems (e.g., Rau 1980, Rau and 
Anderson 1981). Although stable carbon isotope analy- 
sis is the most accurate way of determining the food 
base of a stream ecosystem, several current reviews of 
the subject are available (e.g., Fry and Sherr 1984, Rou- 
nick and Winterbourn 1986) and it will not be discussed 
further in this paper. 

Stomach contents analysis can also be used to deter- 
mine the food base of an aquatic invertebrate com- 
munity. For example, Coffman et al. (1971) found that 
77-92% of primary consumer invertebrate biomass in 
Linnesville Creek, Pennsylvania, was supported by al- 
gal calories, and that 8-23% was supported by detrital 
calories. Assuming that all detritivory was based on 
consumption of allochthonous detritus, this gives a 
PAUT/PALL ratio in the range of 3.3-11.5 (0.77/0.23- 
0.92/0.08), the macroinvertebrate community in this 
case being obviously autochthonous-based. 

One of the problems with stomach contents analysis is 
that autochthonous and allochthonous origins of or- 
ganic matter are difficult to distinguish (Ward 1986). 
The other is that food items in the gut vary widely in 
their assimilability ("quality"), so that the actual de- 
pence of an organism on a food source may not be ac- 
curately reflected by its abundance in the gut (Benke 
and Wallace 1980, Rounick and Winterbourn 1986). In 
addition, stomach contents analysis of a large number of 
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samples is very time consuming, and the amount of 
work necessary to follow seasonal variations in diet is 
generally considered to be prohibitive. Part of the pur- 
pose of ecological indices such as the PAUT/PALL or P/R 
ratio is to provide comparative information about an 
ecosystem using substituent variables that are more 
easily measured. In this sense, the necessity of time- 
consuming stomach contents analysis to evaluate the 
PAUT/PALL ratio defeats its purpose. 

Detailed quantitative stomach contents analysis could 
be avoided by combining knowledge of detritivore pro- 
duction within the readily defined functional feeding 
groups (Cummins 1973) with knowledge of the com- 
position of the particulate and detrital pools. 

It is clear that the production of invertebrates in the 
herbivore functional feeding group will contribute ex- 
clusively to PAUT. However, one cannot realistically as- 
sume that all detritivory is based on allochthonous mat- 
ter, particularly if primary production in a stream is sub- 
stantial. Therefore, to obtain reasonably accurate PAUT 
and PALL values, detritivore production should be partit- 
ioned into that derived from autochthonous food 
sources and that derived from allochthonous ones. If 
one assumes for simplicity that the consumption of au- 
tochthonous and allochthonous detritus by detritivores 
will be proportional to the abundance of these materials 
in the detrital pool, the PAUT/PALL ratio becomes 

PAUT PHERB + PDET(DAUT) 

PALL PDET(DALL) 

where 

DAUT = proportion of autochthonous detritus in the 
detrital pool 

DA I = proportion of allochthonous detritus in the 
detrital pool 

PHERB = production of herbivores 
PDET = production of detritivores 

The assumption that consumption of autochthonous 
and allochthonous detritus by detritivores will be pro- 
portional to abundance in the detrital pool will hold true 
only if the two food sources are of the same food qual- 
ity, since at least some detritivores are known to be se- 
lective feeders (e.g., Mackay and Kalff 1973, Cummins 
and Klug 1979, Arsuffi and Suberkropp 1986). If the 
disparity in food quality between allochthonous and au- 
tochthonous detritus in a particular situation is known 
to be large, then the two compartments can be weighted 
by their food quality to more accurately reflect the po- 
tential energy available to detritivores. This may be 
done by weighing the various compartments by their re- 
spective macroinvertebrate assimilation efficiencies, 
since assimilation efficiency is usually correlated with 
food quality (Benke and Wallace 1980). 

While the theory behind Eq. 8 is sound, it is impracti- 
cal to pool together, as one group, detritus ranging in 

size from dead periphyton to fallen logs. It is more real- 
istic to divide the detrital pool into coarse particulate or- 
ganic matter (CPOM) and fine particulate organic mat- 
ter (FPOM) and to treat them separately. Similarly, de- 
tritivores can be divided into shredders, feeding on 
CPOM, and collectors (filter feeders and gatherers) 
feeding on FPOM. Thus, the final expression for the 
PAUT/PALL ratio becomes: 

PAUT 

PALL 

PHERB + PSHRED(DAUT:CPOM) + PCOLL(DAUT:FPOM) 

PSHRED(DALL:CPOM) + PCOLL(DALL:FPOM) 
(9) 

Eq. 9 can be simplified, depending on the ecology of the 
particular stream or reach of stream under consider- 
ation. For instance, in a stream with no aquatic mac- 
rophyte production, all shredders will be feeding on al- 
lochthonous matter, and the PSHRED term in the numer- 
ator can be dropped. The main difficulty with this type 
of approach, after assessing the relative proportions of 
the functional feeding groups in the macroinvertebrate 
community, is in determining the proportion of au- 
tochthonous or allochthonous detritus in either the 
FPOM or CPOM pool. The proportion of autochtho- 
nous matter in the FPOM pool can be estimated from 
grazer fecal production and periphyton sloughing rates 
(McIntire and Colby 1978); the proportion of allochtho- 
nous FPOM must be obtained by difference with the to- 
tal FPOM standing crop, or from estimation of biotic 
and abiotic breakdown rates of CPOM. Relative pro- 
portions of autochthonous and allochthonous detritus in 
the CPOM pool could be determined by direct meas- 
urement, using carbon:nitrogen (C/N) or 13C/12C ratios 
to differentiate between macrophyte detritus and al- 
lochthonous detritus, if necessary (Rounick et al. 1982, 
Wetzel 1984). If turnover rates for allochthonous and 
autochthonous detritus are substantially different within 
the FPOM or CPOM pools, then total annual inputs of 
autochthonous and allochthonous detritus should be 
used to determine DAUT and DALL values, rather than in- 
stantaneous standing crop sizes, which might otherwise 
distort the relative proportions of detritus available to 
consumers on an annual basis. 

An example of using this approach to assess the food 
base of a macroinvertebrate community is presented be- 
low; the data (Tab. 1) are the output from a complex 
computer model of a lotic ecosystem run at two differ- 
ent light levels (Mclntire 1973, Mclntire and Colby 
1978). Although the data are not empirical field data, 
they probably reflect the processes taking place in natu- 
ral lotic systems, and serve to illustrate the relationship 
of the PAUT/PALL and P/R ratios to the origin of food sup- 
porting a macroinvertebrate community. 

Since there are no macrophytes in the hypothetical 
stream, all shredders will be feeding on allochthonous 
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Tab. 1. Selected organic matter budget data for a simulated 
lotic ecosystems (from Mclntire and Colby 1978). 

Low light High light 

Herbivore production* 3.40 10.66 
Shredder production 6.36 4.93 
Collector production 12.05 4.61 
Algae production 61.10 129.89 
Community respiration 374.69 418.64 
Gross primary production 71.14 141.09 
P/R ratio 0.019 0.034 

* 
g m-2 yr 2. 

detritus, and thus will contribute exclusively to PALL' 
Therefore, as a first approximation, the PAUT/PALL ratios 
are: 

low light - 

PAUT PHERB 3.40 
= - - 0.21 

PALL PSHRED + PCOLL 18.41 

high light - 

PAUT PHERB 10.66 
- - =1.1 

PALL PSHRED + PCOLL 9.53 

It is immediately obvious that the macroinvertebrate 
community is allochthonous-based at the low light level, 
but shifts to being slightly autochthonous-based at the 
higher light level, where primary production is doubled. 
It is important to note that the invertebrate community 
at the higher light level is autochthonous-based, despite 
the fact that the P/R ratio is far less than one and the 
stream ecosystem is heterotropic on an annual basis. 
This clearly illustrates that a P/R ratio equal to one does 
not necessarily represent the transition state between an 
autothonous-based macroinvertebrate community and 
an allochthonous-based one. 

Nelson and Scott (1962) produced one of the few 
studies on invertebrate communities that differentiated 
between detritus of autochthonous and allochthonous 
origins. This permitted them to determine quantita- 
tively that invertebrate primary consumers derived 66% 
of their energy from allochthonous matter. Filter feed- 
ers consumed exclusively allochthonous matter; invert- 
ebrates classified as "herbivore and detritus" feeders 
are considered to derive half of their food from detritus, 
and the other half from herbivory. Nelson and Scott's 
data (Tab. 2) can be used to calculate a PAUT/PALL ratio: 

This PAUT/PALL shows that the allochthonous food base 
of the invertebrate community is twice as important to 
invertebrate production as the autochthonous food 
base, which is entirely consistent with Nelson and 
Scott's conclusion that primary consumer macroinver- 
tebrates derive 66% of their biomass from allochtho- 
nous organic matter (PALL/PTOT = 18.3/(9.5 + 18.3) = 
0.66). 

The main assumption implicit in using the methods of 
deriving the PAUT/PALL ratio described above is that de- 
tritivores will feed on detritus of different types in pro- 
portion to the abundance of these types in the detrital 
pool. This assumption is supported by the observation 
that detritivores are typically opportunistic (Chapman 
and Demory 1963, Coffman et al. 1971, Anderson and 
Sedell 1979), feeding on whatever food types are pres- 
ent, more or less in proportion to their availability in the 
environment (Koslucher and Minshall 1973, Gray and 
Ward 1979). However, this will not apply if food quality 
differs greatly between detritus types, as is typically the 
case, since optimal foraging theory would predict that 
detritivores will actively select detritus of higher nu- 
tritional value, and field work and laboratory observa- 
tions suggest that this is indeed true (e.g., Arsuffi and 
Suberkropp 1986); in this fashion, the importance of 
lower quality detritus will tend to be overestimated by 
assuming non-selective proportional consumption. Des- 
pite these shortcomings, the method outlined above for 
deriving the PAUT/PALL ratio probably gives a first ap- 
proximation of the relative importance of autochtho- 
nous and allochthonous organic matter as food sources 
for the macroinvertebrate community. Ultimately, how- 
ever, stable carbon isotype analysis is the method with 
the greatest potential for accurately assessing the food 
base of a stream ecosytem. 

Tab. 2. Selected organic budget data for the Middle Oconee 
River (from Nelson and Scott 1962). 

Herbivore (HERB) production* 6.51 
Collector production: 

Filter feeder (FF) production 16.80 
Detritus feeder (DF) production 1.68 

Herbivore and detritus feeder (H/DF) production 2.78 
Average P/R ratio 0.22 
Proportion of autochthonous detritus in the 

detrital pool (DAUT) 0.52 
Proportion of allochthonous detritus in the 

detrital pool (DALL) 0.48 

* cal cm-2 yr-~. 

PAUT PHERB + PCOLL(DAUT) {PHERB + 05 PH/D F} + {PDF(DAUT) + 0.5 PH/D F(PAUT)} 

PALL PCOLL(DALL) {PFF + PDF(DALL) + 0.5 PH/D F(DALL)} 

{6.51 + 0.5(2.78)} + {1.68(0.52) + 0.5(2.78)(0.52)} 9.5 
{16.8 1.68(0.48) + 0.5 

(16.8 + 1.68(0.48) + 0.5(2.78)(0.48)} 18.3 
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Concluding remarks 

The main thrust of this paper is that the P/R ratio is a 
useful summary statistic indicating whether an ecosys- 
tem is a net producer or consumer of organic matter, 
but is inadequate and misleading as an index of the rela- 
tive importance of autochtonous and allochthonous or- 
ganic matter in supporting stream ecosystems; hetero- 
trophic streams are not always allochthonous-based, as 
is commonly accepted. The RAUT/RALL ratio is in fact the 
most appropriate index of the relative importance of au- 
tochthonous and allochthonous matter in supporting 
consumers at all trophic levels, from bacteria to fish, but 
is of little pratical use since it is virtually impossible to 
quantify. The PAUT/PALL ratio is proposed as an index of 
the relative importance of autochthonous and alloch- 
thonous matter in supporting macroinvertebrate com- 
munities in streams. 
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