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Abstract

Primary production was measured in forested and open streams in southern Ontario to identify the main
factors influencing algal growth, and to test the assumption that autochthonous inputs are negligible in
forested headwater streams. In low order streams in southern Ontario, primary production is related
primarily to light, temperature, and substrate, and appears to be largely independent of location on the
river continuum. Net primary production on rock averaged 2.24 and 0.098 g C m- 2 day - during the
summer at meadow and forested sites, respectively, showing peaks in the spring and fall at the forested
sites. Net primary production on sediment was significant, averaging 20% (range of 6 to 82%) of net
primary production on rock. When adjusted for assumed invertebrate assimilation efficiency,
autochthonous production in riffles at forested sites could provide an estimated 30% of total carbon
inputs potentially available to aquatic invertebrates.

Introduction

The degree to which different streams are depen-
dant on autochthonous or allochthonous carbon
has long been of interest to stream ecologists.
Sampling bias towards woodland streams with
large visible terrestrial inputs led to the concept
that allochthonous sources dominated in low
order streams. More recently, it has been
suggested that the importance of autochthonous
carbon in supporting consumer production in
streams has been underestimated (Minshall,
1978), particularly in forested headwater streams
(eg. Hawkins etal., 1982; Hornick etal., 1980;
Mayer & Likens, 1987). Evidence to date has
been on the whole rather speculative, mainly

owing to the difficulty involved with actually de-
termining the dependency of the heterotrophic
community. Although analytic techniques such as
carbon isotope and stomach content analysis may
be useful for determining the carbon dependence
of individual taxa (eg. Rounick et al., 1982; Mayer
& Likens, 1987), the dominance of detrital path-
ways in streams makes identification of carbon
sources very difficult at the community level.

Since both autochthonous and allochthonous
inputs are regulated primarily by the density of
riparian vegetation, measuring algal production
under different canopy conditions can give insight
into the relative importance of autochthonous
carbon. If primary production is very low, then
autochthonous carbon cannot be a significant
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energy source in the system. If primary produc-
tion is substantial, then autochthonous carbon
has at least the potential to contribute to inverte-
brate and fish production, although its actual im-
portance still remains speculative.

In this study primary production was measured
as part of a larger investigation of energy flow in
forested and unforested streams in southern
Ontario. Primary production was measured se-
parately on rock and sediment, permitting com-
parison with other processes measured concur-
rently on the same substrate (eg. bacterial and
invertebrate production). Net primary production
was used as an estimate of the availability of
autochthonous carbon, and its potential to contri-
bute to production at higher trophic levels. Prima-
ry production was also measured at downstream
sites to test for the increase in primary production
predicted by the river continuum concept (Van-
note et al., 1980).

Materials and methods

Study sites and sampling design

Ten sites were studied on six streams in south
central Ontario (Table 1), an area that was largely
cleared for agriculture during the eighteenth and
nineteenth centuries, although much of it is now
wooded or abandoned farmland. Study sites were
classified as forested (shaded) or open (unshad-
ed), depending on the presence or absence of
riparian vegetation (Table 1). Downstream sites
were located 3-6 km below upstream sites on
four of the streams, and were largely unshaded
due to the greater width of the stream. All sites
were sampled once between June-August 1988.
To examine seasonal effects due to deciduous
vegetation, two forested and two open sites were
sampled in May before trees were in full leaf, and
one site was sampled again after leaves were
down in the fall. Algae were the dominant primary
producers at each site; aquatic macrophytes were
scarce to absent.

Primary production of algae was measured on
rocks, sediment, and in the water column during
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each sampling period. Algal biomass, in terms of
chlorophyll a, was also measured from rock and
the water column, as were dry and ash weights
and basic physical-chemical parameters such as
temperature, discharge, total phosphorous, and
photosyntheticaly active radiation (PAR).

Sampling was done at a representative pool
and riffle at each site. Riffles and pools were
chosen so that substrate size and current velocity
were visually as similar as possible between sites.
Primary production incubations were generally
between 10: 00 and 14:00 on sunny days
(> 1000, uEinst. m - 2 in the open) in an effort to
standardize weather conditions and prevent them
from confounding site effects.

Primary production measurement

Net community primary production was mea-
sured using the light-dark method while moni-
toring oxygen concentrations with a YSI model
54 dissolved oxygen meter. The oxygen meter was
calibrated before use against saturated distilled
water at a known temperature. Oxygen generation
was converted to carbon fixation assuming a
photosynthetic quotient of 1.35 (mg C =
0.278 mg 02; Vollenweider, 1969). The maximum
hourly rate of primary production measured
between 10: 00 and 14: 00 was multiplied by six
to estimate daily carbon fixation.

Because respiration by algae cannot be se-
parated from respiration by heterotrophic orga-
nisms on rock and sediment substrates, it is of
necessity community respiration and net commu-
nity primary production that is measured in meta-
bolism chambers. For the purpose of brevity,
community respiration and net community prima-
ry production will be referred to simply as
respiration and net primary production.

Use of oxygen change to measure primary pro-
duction in streams is complicated by saturation of
the water column with oxygen due to turbulence
at riffles or oxygen generation by algae (Bott et al.,
1978). Stream water used in incubations was
bubbled with nitrogen to depress the oxygen con-
centration to 3-4 ppm below saturation, and all

incubations were stopped before saturation was
reached.

Rock incubations were performed in the field
with a portable bankside incubator. Randomly
selected rocks 6-10 cm in diameter were incu-
bated in individual 1.5 1 plexiglass chambers
placed in a plexiglass flow-through tank. Cham-
bers were stirred at identical rates by whirling
magnetic bars which creates an average current
speed of 5 cm s- ', similar to those in situ. Tank
temperature never exceeded stream temperature
by more than 2 C, and light conditions on the
stream bank were close to those in the channel.
Dark incubations were done in plexiglass cham-
bers covered with aluminum foil. Six rocks were
incubated in the dark and six in the light during
each incubation. Plan surface areas of rocks were
measured by weighing traces drawn on paper of
known areal weight.

Rocks were returned to the laboratory, stored
in stream water at 5 C overnight, and sampled
for organic weight and chlorophyll a concen-
tration the day after the incubation. Invertebrates
for biomass/production calculations were col-
lected from rocks incubated in dark chambers.

Plexiglass coring cylinders 12 cm tall and
6.3 cm in diameter were used as sediment incuba-
tors. Extreme care was taken while coring sedi-
ments to keep disruption of the sediment surface
to a minimum. A horizontal plexiglass plate was
used to seal off the bottom of the core at a depth
of 2 cm. Water in the incubator was partially ex-
changed with water that had been bubbled with
nitrogen to depress oxygen concentrations below
saturation, and sediment cores were incubated
in situ. Because production on sediment was typi-
cally less variable than production on rock, repli-
cation was usually limited to four light and four
dark cylinders.

Sediment from each core was transferred into
a clean 750 ml plastic container, and transported
to the laboratory on ice. Four of the cores were
subsampled for organic content. Invertebrates for
future biomass/production estimates were sorted
from the remaining cores.

Water column primary production was
measured in situ using 300 ml Winkler bottles;



102

two light and two dark bottles were used for each
incubation.

Measurement of carbon content and chlorophyll a

A chisel was used to remove a one cm wide strip
of periphyton extending from the crown to the
side of each rock used in a light incubation. Peri-
phyton was then dried in preweighed aluminum
trays at 55 C for a minimum of 24 h, cooled to
room temperature in a desiccator, and weighed to
the nearest 0.1 mg. Samples were then combusted
at 500 C for 2 h, and weighed as above to
determine ash free dry weight.

Sediment from each core was transferred to an
individual 500 ml graduated beaker. Distilled
water was added to make a slurry of known
volume (200-350 ml), which could be homogen-
ized with a magnetic stir bar on a stir plate. A 5 ml
subsample was withdrawn from the homogenized
slurry, transferred to a preweighed aluminum tray,
and dried and ashed as for periphyton.

Water samples were collected between 14: 00
and 16: 00 on sunny days, transported back to the
lab on ice, and analyzed the same day. Three
-one-litre samples were filtered on to pre-ashed
preweighed Whatman GF/F glass fibre filters un-
der vacuum pressure of less than 33.8 KPa (10
inches) of mercury. Dry weights were determined
as for periphyton.

A representative strip of periphyton or sus-
pended algae on a GFF filter was extracted with
4 ml of dimethyl sulfoxide for ten minutes at
65 C in a capped 15 ml graduated centrifuge
tube (Burnison, 1980). Tubes were shaken at least
once during heating, to insure complete ex-
traction. Six millilitres of 90% acetone was then
added to each centrifuge tube to give a final
volume of 10 ml of supernatant. Samples were
centrifuged at 1500 rpm for 2 min., shaken gently
to dislodge particles that might be stuck due to
surface tension, and centrifuged for another 8
minutes to remove all particulates from sus-
pension.

Chlorophyll a concentration was measured
using a Turner model 111 fluorometer with a

F4T4/bl lamp and a Corning CS 5-60 filter for
excitation and a CS 2-64 filter for emission. The
fluorometer was calibrated using a standard
solution of chlorophyll a (Sigma Chemical Co.
C6144) independently measured using a spectro-
photometer. Equations used to calculate door fac-
tors and chlorophyll a concentrations were those
described by Strickland & Parsons (1972).

Chlorophyll extracted from epilithic periphyton
after refrigeration overnight was 7% lower than
concentrations determined the day of sampling,
but the difference was not significant (p < 0.28).

Physical and chemical parameters

A Li-Cor model 188B integrating quantum meter
equipped with a 190SB quantum sensor was used
to measure photosynthetically active radiation
(PAR) above the water surface during each incu-
bation. Stream discharge was calculated with the
velocity-area technique using a Marsh-McBirney
model 201 portable flow meter.

Total phosphorous concentration in the water
column was measured to give some idea of the
nutrient status of the stream. Two to three
samples of stream water for analysis of total phos-
phorus concentrations were collected in acid-
washed 100 ml glass bottles between 14: 00 and
16:00 on the day of sampling. Samples were
acidified with 1 ml of 30% sulphuric acid and
analyzed at the Canadian Centre for Inland
Waters in Burlington using the stannous
chloride/ammonium molybdate method (Traver-
sy, 1971).

Data were analyzed using PC SAS (SAS Insti-
tute, 1988). Net primary production, respiration,
and light intensity data were log transformed in
order to remove correlation of variance with the
mean.

Results

Primary production usually exceeded respiration
on rock substrate. Primary production was also
greater than respiration on sediment, except at
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forested upstream (shaded) sites during the sum-
mer, where production rates on sediment were
usually below the sensitivity of the technique
(20 mg 02 m-2 h-).

Gross oxygen metabolism in the water column
was typically negative, indicating a predominance
of respiratory metabolism in the water column
even at the unshaded sites. There was never a
significant difference in oxygen metabolism
between light and dark water column incubations.
Based on the minimum detectible difference
between light and dark incubations, primary pro-
duction in the water column was negligible
(< 1 mg 02 m- 2 h - ) relative to primary pro-
duction on other substrates.

There was no significant difference between
primary production at the open upstream sites
and the downstream sites (p < 0.62, Table 2).
Primary production was an order of magnitude
lower at the forested upstream sites than open or
downstream sites (p < 0.0058). Both temperature
and PAR were significantly lower at the forested
upstream sites. There were no significant differ-
ences in chlorophyll a concentrations or ash
weights on either rock or sediment substrates
between forested and open sites, although chloro-
phyll a was generally higher at the downstream
sites. Chlorophyll a concentrations in the water

Table 2. Mean metabolism, biomass, temperature, and light
characteristics of incubations at the four site classifications
during June-August 1988. Standard deviations are in paren-
theses.

Forested Unforested Downstream
upstream upstream (unshaded)
(shaded) (unshaded) (n = 2)
(n = 4) (n = 2)

Rock
NPP (mg 2, m h ) 59(40) 1580(920) 1220(220)
Resp. (mg 02 m

2
h ') 43(6) 404(296) 353(99)

Chl. a (mg m 2) 49-279 105-523 218-423
Ash wt. (g m -

2
) 119(35) 64 (40) 147 (77)

Temp. (C) 13.0 26.4 23.4
PAR (Einst m 2 sI) 120 1920 1465

Sediment
NPP (mg 02 m2 h

-
') -6(16)* 262(61) 256(41)

Resp. (mg O2 m
- 2

h ') 18(6) 63(59) 34(15)
% Organic 37 8 10
Temp. (C) 13.3 25.8 23.8
PAR (pEinst m 2s ) 105 1250 1270

Range in concentrations from May-August 1988.
* Negative NPP indicates respiration exceeding gross primary production.
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Fig. 1. Photosynthetically active radiation (PAR) and net
primary production (NPP) on rock and sediment at forested
(a) and open (b) sites during the spring and summer of

1988.

column were lower at the forested upstream sites
(p < 0.0043), although dry weight of suspended
solids was not.

Primary production on sediment in pools aver-
aged 20% of primary production on rock. Ex-
tremes varied from 6% of rock production at one
of the unforested sites to 82 % of rock production
at one of the open sites during the spring.

Primary production at forested upstream sites
was higher during the spring (Fig. la), although
the difference was not significant for rock
(p < 0.06). There was no difference in primary
production between spring and summer at the
open sites (Fig. lb). There were no significant
seasonal trends in respiration (Fig. 2), although
respiration was usually higher at the unforested
sites and was highly correlated with temperature
for both rock (R2

= 0.87) and sediment
(R2 = 0.45) substrate.

PAR had the highest correlation with net pri-
mary production, although final incubation tem-
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Fig. 2. Stream temperature and respiration on rock and
sediment substrate at forested (a) and open (b) sites during

the spring and summer of 1988.
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Fig. 3. Net primary production versus photosynthetically ac-
tive radiation for all rock incubations.

perature, chlorophyll a and water column phos-
phorous were significantly correlated as well
(Table 3). When considered separately for un-
shaded sites, the relationship between PAR and
net primary production (Fig. 3) was not signifi-
cant (R2 = 0.02, p = 0.70, n = 10), although it
remained significant for incubations at forested
sites (R 2 = 0.86, p = 0.001, n = 8). The correla-
tion between total phosphorous and net primary
production was not significant within either
forested or open sites (Fig. 4).

As with rock, PAR had the highest correlation
with net primary production on sediment,

Table 3. Coefficients of determination for regressions of pri-
mary production on rock (n = 17) and sediment (n = 16) with
physical and chemical parameters.

Variable R2 P

Rock
Log light level 0.913 0.0001
Final incubation 0.57 0.0003

temperature
Chlorophyll a 0.335 0.012
Log total phosphorous 0.359 0.034

Sediment
Log light level 0.65 0.0001
Final incubation 0.37 0.006

temperature
Log total phosphorous 0.31 0.097

C
0 10 20 30 40 50 60 70

TOTAL PHOSPHOROUS (g -1)

Fig. 4. Net primary production versus water column total
phosphorous for all rock incubations.

followed by temperature effects; phosphorous
concentrations were not significantly correlated
with primary production on sediment (Table 3).

Discussion

The availability of light, as mediated by the
presence of riparian shading, appears to be the
main factor limiting primary production in
southern Ontario streams. This is evident in the
significant relationship between PAR and prima-
ry production for incubations at the shaded
(forested upstream) sites (Fig. 3). This was not
the case at the unshaded (open) sites, where the
lack of a significant relationship between primary
production and PAR suggests light saturation
between 500-1000 pEinst. m - s - '. This range
is similar to that reported by Jasper & Bothwell
(1986; 300-550 iEinst. m - 2 s - ) for a west
coast river, and suggests that maximum primary
production in a stream can be reached without
complete canopy removal, since full sunlight is
between 1500-2000 pEinst. m-2 s- 

Although the relationship between temperature
and algal growth is well established (McIntire &
Phinney, 1973; Bushong & Bachman, 1989), the
high correlation between temperature and PAR
(R2 = 0.75) makes it difficult to separate their
effects. The low primary production at forested
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sites even at higher light levels (Fig. 3) may be due
in part to low stream temperatures, which
averaged 13.4 C during the summer (Fig. 2b).

In contrast with other studies (eg. Naiman &
Sedell, 1980), the correlation between estimates of
algal biomass (chlorophyll a concentration) and
primary production is quite poor. Benke et al.
(1984) and others have noted that standing crop
independent of turnover rate is not necessarily a
reliable estimate of invertebrate production. Not
surprisingly, it appears that the same caveat
applies to algal production, particularly since
algal biomass in streams is as much a function of
flow regime as it is of growth rate (Rounick &
Gregory, 1981; Tett et al., 1978). The relationship
between primary production and biomass is fur-
ther complicated by the lower carbon to chloro-
phyll ratios of light limited algae at shaded sites
(Lyford & Gregory, 1975) and a more stable flow
regime that tends to permit algal accumulation.
This contrasts with the unshaded sites which are
subject to frequent scour due to the unforested
nature of their watersheds.

Nutrient limitation of primary production in
headwater streams has been demonstrated in a
variety of studies (eg. Stockner & Shortreed,
1978; Elwood et al., 1981). Nitrogen limitation in
these streams is unlikely since nitrate can exceed
5 mg 1- (Roff et al., unpublished data). Good
predictive relationships have been shown between
chlorophyll a and phosphorous under controlled
conditions (Krewer & Holm, 1982), and total
phosphorus was therefore used as a crude index
of nutrient status. Despite low phosphorous con-
centrations in some instances (Table 1), the data
suggest that nutrient limitation is not of over-
whelming importance in southern Ontario. Ele-
vated total phosphorous levels (> 50 g 1 - ) had
no effect on primary production within open sites
(Fig. 4). Comparable production rates at forested
sites with high phosphorous concentrations
(> 20 g - ') and those with phosphorous con-
centrations potentially limiting to primary pro-
duction (<10 g l-; Stockner & Shortreed,
1978; Jasper & Bothwell, 1986; Peterson etal.,
1985) suggest that light and temperature are still
the limiting factors under heavily shaded condi-
tions.

Primary production on sediment is related to
the same factors affecting production on rock
substrate (Table 3), although the relationships are
consistently weaker. This suggests that produc-
tion on sediment is more complex than produc-
tion on rock, or that it is related to variables not
measured in this study such as particle size,
current velocity, or recovery time following spates
(Tett et al., 1978).

Water in the sediment incubators was not cir-
culated, in order to prevent disruption of the epi-
pelic algal layer. This may have led to underesti-
mation of production rates, since increased cur-
rent has been shown to stimulate algal production
(Whitford & Schumacher, 1964). However, cur-
rent velocities were very low in pools from which
cores were taken, and underestimation of produc-
tion on sediment was probably small relative to
the difference between production on sediment
and rock (500O0 on average). Furthermore, the
sediment production values reported here are
comparable to or higher than those reported for
other north temperate streams and lakes (eg.
Hargrave, 1969; Hickman & Round, 1970;
Antoine & Bensen-Evans, 1985; Jenkerson &
Hickman, 1986).

Chlorophyll a concentrations in sediments (in-
tegrated to 2 cm depth) were comparable to those
on rocks within open or forested sites, but the
proportion of phaeopigments averaged twice that
on rocks (46 vs 21 %, Rosenfeld & Roff, unpub-
lished data). A considerable portion of the algal
pigment must be inactive at any given time (due
to light limitation) because of burial within the
sediment. We suggest that the lower rates of pro-
duction observed on sediment, relative to rock,
are related to algal burial and periodic disturbance
caused by sediment transport. Even epipelic
algae, forming a mat rather than being associated
with individual particles, are poorly anchored to
the substrate and may become entrained in the
current even during baseflow conditions
(Stockner, 1968; Naiman, 1976; pers obs.). Epili-
thic algae, although also subject to scour during
spates, are less likely to become buried by move-
ment of the base particles.

Thus the availability of a stable substrate is not
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only an important limiting factor to the produc-
tion of invertebrates such as filter-feeders (Benke,
1984), but may limit primary production as well.
Rivers dominated by unstable shifting substrates
may have lower primary production than similar
rivers with rock substrate, resulting in a pre-
dominance of heterotrophic metabolism even in
midstream reaches. Substrate stability should be
unimportant in streams with stable flow regimes,
where production on sediment should be compar-
able to production on rock; this appears to be the
case in thermal springs (Stockner, 1968; Naiman,
1976) and desert streams between floods (Busch
& Fisher, 1981).

Carbon fixation in the study streams appears to
be concentrated in the benthos rather than the
water column, which was always an area of net
respiratory metabolism. Sediment and rock were
areas of net carbon fixation during daylight hours,
with the exception of sediment at the forested sites
during the reduced light conditions of summer.
Higher epilithic primary production rates, how-
ever, implicates rock as the main location of car-
bon fixation in a stream, given equal proportions
of rock and sediment substrate.

The river continuum concept (Vannote et al.,
1980) predicts that low order streams in forested
watersheds will have low primary production,
which will increase progressively in a downstream
direction. In areas such as southern Ontario,
where the processes of agriculture and urbani-
zation have disrupted the natural progression
from headwaters to mouth, viewing streams as
mosaics of contiguous patches (Pringle et al.,
1988) is more appropriate. Rather than use
stream order as a surrogate index of the physical
and biotic characteristics of a site, it is far more
reliable to base predictions of reach metabolism
on site specific characteristics. This study and a
great many others (e.g. Naiman & Sedell, 1980;
Hawkins etal., 1982; Minshall, 1978) indicate
that primary production in the absence of nutrient
limitation is controlled primarily by light avai-
lability, which is always high in larger streams by
virtue of their great width, but in low order
streams is mediated by the development of
riparian vegetation.

Many lotic studies have observed seasonal
peaks in primary production (eg. Sumner &
Fisher, 1979; Bott et al., 1981). Peaks in primary
production at the forested sites in this study
(Fig. 2a,b) implicate higher light levels associated
with the absence of leaves in the spring and fall as
the causative factor. Spring and fall pulses of
autochthonous carbon in forested streams may
represent important carbon inputs for certain
taxa, particularly in the spring when terrestrial
inputs are low. For instance, algae dominated the
gut contents of early instar Hesperophylax (Tri-
choptera) at one of the forested sites in this study
during May. Changes in primary production at
the unforested sites were far less pronounced, and
suggest, if anything, a reversed pattern of
increased primary production during the summer
at higher stream temperature (Figs. 1, 2).

Annual invertebrate production in temperate
forested headwater streams is, for the most part,
less than 10gm- 2 yr-' dry weight (Fisher &
Gray, 1983). Estimates of invertebrate production
on rock at the forested sites (based on a P/B ratio
of 5 (Waters, 1977) and an average of 1.2
generations per year (Ashenden, 1986)) fall within
this range, averaging 7.0 + 4.3 g m- 2 yr- '
(Rosenfeld, Hudson & Roff, unpublished esti-
mate); however, for the purposes of argument
invertebrate production will be assumed to be at
most 10gm-2yr ' dry weight (-5gC m 2

yr - '). Using net primary production values from
the forested streams, the potential availability of
autochthonous carbon can be calculated. Net pri-
mary production values on rock for the two for-
ested sites range from 0.331-0.552 g C m 2

day-' (mean = 0.44gC m- 2 day-') in the
spring, and averaged 0.064 g C m 2 day- ' in the
summer. Using spring production rates for the
months of May and November and summer pro-
duction rates for the intervening months of June-
October gives an annual autochthonous produc-
tion of (0.44 x 2 x 30) + (0.064 x 5 x 30) =
36.0 g C per m2 of rock substrate. Assuming an
assimilation efficiency of 30% and a 50% con-
version of assimilated carbon to invertebrate
biomass (Otto, 1974; McCullough et al., 1979a;
McCullough et al., 1979b; Benke & Wallace,
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1980), 36 g of autochthonous carbon can support
an annual invertebrate production of 5.4 g C m - 2

(36gCm-2 x 0.3 x 0.5 = 5.4gC m-2 ). As-
suming an assimilation efficiency of 10% for al-
lochthonous carbon (Benke & Wallace, 1980),
average annual leaf inputs of approximately
230 g C m- 2 in deciduous watersheds (Fisher &
Likens, 1973; Hornick etal., 1981) can support
an annual invertebrate production of 11.5 g C
m - 2 (230gC m - 2 x 0.1 x 0.5 = 11.5gC
m-2).

The exercise above shows that allochthonous
carbon weighted for assimilation efficiency has
roughly twice the potential (230 x 0.1: 36 x 0.3
= 2.13: 1) to support invertebrates as does
autochthonous carbon in riffle areas of the for-
ested headwater streams. Although autochtho-
nous carbon alone could in theory support the
assumed invertebrate production of - 5 g C m - 2,
this is extremely unlikely, given the constraints on
the consumption of autochthonous carbon
imposed by variation in its temporal and physical
availability. Carbon synthesis does not neces-
sarily translate into carbon available to con-
sumers, since some algae (e.g. filamentous forms)
may be indigestable or unpalatable (Gray &
Ward, 1979; Hart, 1985; Fuller et al., 1988), even
though algae may be on the whole a high quality
food resource (e.g. Bird & Kaushik, 1984).
Although selective feeding on higher quality car-
bon could shift the potential dependence of the
invertebrate community towards autochthonous
sources, the conservative assumption of indis-
criminate feeding on carbon sources in proportion
to their abundance in the stream indicates an
approximate 2: 1 dependence on allochthonous
carbon.

Conclusion

The availability of light, as mediated by the devel-
opment of riparian vegetation, appears to be the
most important factor affecting primary produc-
tion in southern Ontario streams, followed by
substrate type and water temperature; nutrient
limitation does not appear to be important.

Primary production on sediment averages 20 %
of primary production on rock in the streams
investigated, suggesting that the relative pro-
portion of sediment and rock in a stream can have
a large effect on system productivity.

Elevated primary production in the spring and
fall at forested sites is related to increased light
availability before and after the development of
forest canopy, and contrasts with summer peaks
in production at the unshaded sites. Autoch-
thonous carbon has the potential to contribute
up to - 30% of invertebrate production in the
forested headwater streams studied, assuming in-
discriminate consumption of available resources
by stream invertebrates.

The actual dependence of the invertebrate com-
munity on autochthonous or allochthonous car-
bon sources under different canopy conditions
remains speculative, and must await the develop-
ment of new techniques, or the application of old
ones in an innovative fashion, to quantitatively
resolve carbon pathways.
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