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Abstract

Microbial communities at soil-stream interfaces may be particularly important in regulating amounts and forms
of nutrients that leave upland soils and enter stream ecosystems. While microbial communities are thought to be
responsible for key nutrient transformations within near-stream sediments, there is relatively little mechanistic in-
formation on factors that control microbial activities in these areas. In this study, we examine the roles of dissolved
organic carbon (DOC) vs. particulate organic carbon (POC) as potential controls on rates of bacterial productivity
(measured as incorporation ofH]thymidine into bacterial DNA) and amounts of bacterial biomass (measured

as fatty acid yield) in sediments along a transect perpendicular to a soil-stream interface. We hypothesized that
spatial patterns in bacterial productivity would vary in response to strong and persistent patterns in pore-water
concentrations of DOC that were observed along a soil-stream transect throughout a 2-year period. Our results
did not support the existence of such a link between pore-water DOC and bacterial productivity. In contrast, we
found bacterial productivity and biomass were related to small-scale spatial variations in sediment POC on 3 of 4
sample dates. While our results indicate that total bacterial productivity in near-stream sediments is not consistently
linked to spatial variations in pore-water DOC, it is likely that DOC and POC are not mutually exclusive and the
relative contribution of DOC and POC to sedimentary microbes varies temporally and spatially in different riparian
habitats.

Introduction crobial communities on nutrient flux is thought to be
particularly important in regions where nutrients enter

Microbial processes that occur at the interface between Stréams primarily via subsurface flows of soil-pore
terrestrial and lotic ecosystems can influence both Water and groundwater (McDowell & Likens, 1988;
amounts and forms of nutrients that move from upland McClain etal., 1994; Dosskey & Bertsch, 1994).

soils to surface waters (Likens, 1984; Wetzel, 1990;  Despite the potential biogeochemical importance
Hedin et al., 1998). For example, denitrifying bacteria of microbial processes within soil-stream interfaces,
at the interface between upland soils and streams cane know relatively little about factors that control
have an important impact on amounts of dissolved in- the .actlvmes of mlcroplal co.mmumtles .Wlthln the§e
organic nitrogen that are exported from terrestrial to habitats. Other aquatic habitats have in comparison
aquatic ecosystems (Groffman et al., 1992; Hanson .recelveq more att.entlon. In many freshyvgter and mar-
et al., 1994; Hedin et al., 1998). Such control by mi- "€ sediment habitats bacterial productivity appears to



46

be primarily controlled by the availability of decom-
posable organic matter supplied as sediment-bound,
particulate organic carbon (POC) (see reviews by Cole
et al., 1988; Sander & Kalff, 1993); however addi-
tional factors (e.g., temperature, inorganic nutrients,
and grazing) can influence production rates (White
et al.,, 1991). In stream and riverine sediments dis-
solved organic carbon (DOC) (Findlay et al., 1993;
Vervier et al.,, 1993; Jones et al., 1995) and POC
(Hedin, 1990; Pusch & Schwoerbel, 1994; Marxsen,
1996) have both been shown to influence the activ-
ity of bacteria. DOC has received increased attention
in stream and riverine sediments, relative to lentic
aquatic habitats, because it frequently dominates the
flux of organic matter through lotic ecosystems (Thur-
man, 1985). However, only a fraction of the DOC
transported in streams appears to be readily available
for bacterial uptake (Thurman, 1985; Kaplan & New-
bold, 1993), and transformations between DOC and
POC are known to occur (Metzler & Smock, 1990;
Findlay & Sobczak, 1996). Hence, the relative role of
DOC vs. POC as sources of carbon for stream bacteria
is difficult to resolve.

While several studies have addressed the regula-
tion of microbial activity in stream sediments (Findlay
et al., 1993; Hendricks, 1996; Marxsen, 1996), no
study has examined the importance of organic matter
in controlling patterns and rates of bacterial productiv-
ity in near-stream (i.e., riparian) sediments: along
hydrologic flow paths from upland soils to stream sed-
iments. In this study we address whether patterns of
bacterial productivity and biomass in riparian sedi-
ments vary as a function of changes in concentrations
of DOC in pore waters or amounts of sediment-bound
POC. We took advantage of a strong cline in pore-
water DOC concentrations (Figure 1) which consist-
ently occurred across a riparian soil-stream interface
for over two years (Hedin et al., 1998). Based on
previous suggestions of the importance of DOC in
controlling bacterial activity in streams (see Kaplan &
Newbold, 1993), we hypothesized that bacterial pro-
ductivity would decrease in concert with DOC across
the riparian interface. In addition, we examined the hy-
pothesis that bacterial productivity was more closely
coupled to variations in standing stocks of POC within
riparian sediments. We employed an experimental
design that aimed to provide variation in DOC and
POC along a discreet riparian transect in which phys-
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Figure 1. Persistent trend in DOC in pore waters across the
soil-stream interface at our study site. Values are means based on 13
sample events. For each sample event we sampled between one to
four parallel transects of sample wells. Error bars indicate standard
deviations based on = 13 sample events. See Hedin et al. (1998)
for additional pore water chemistry at this site.

which physical and chemical conditions vary widely
or are poorly characterized. In addition, we employed
a novel sampling protocol that allowed us to estim-
ate bacterial productivity in anoxic sedimeinssitu.
Because this is, to our knowledge, the first study
of bacterial productivity in anoxic sediments along a
riparian transect we compare our estimates of bac-
terial productivity to those reported from other aquatic
habitats.

Study site

We conducted this study along a forested section
of Smith Creek, a first-order stream within the Au-
gusta Creek drainage basin in southwestern Michigan
(Hedin et al., 1998). Near-stream soils consist of three
distinct layers: a highly organic upper horizon (ca. 0—
5 cm), a mixed inorganic-organic horizon dominated
by sand (ca. 5-60 cm), and a tightly packed inor-
ganic sand horizon (below ca. 60 cm). The Smith

ical and chemical conditions were well characterized Creek drainage basin and water chemistry have been

(Hedinetal., 1998), as opposed to relying on variation described elsewhere (Wetzel & Manny, 1977; Hedin
in DOC and POC from an array of sites or streams in & Brown, 1994; Hedin et al., 1998).
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We focused on a riparian area that was part of 3000
a more extensive study on biogeochemical processes 2500
that occur within soil-stream interfaces (Hedin et al., __
1998). We sampled sediments that were located imme- ;m 2000
diately downstream of a field of 24 wells that were po- E,, .
sitioned in four rows along an ca. 3 m transect across & 1
the soil-stream interface. These wells were used to '§ 1000 |
monitor pore-water chemistry and hydraulic heads. In- &
dividual wells were constructed from 19 mm (inner 5004
diameter) polyvinyl pipes with a 10 cm deep sample ° A A A A

port located 40 cm below the soil surface (Hedin et al.,
1998). Sediments were continually inundated with wa-
ter. Flow paths of pore waters through the soil-stream Date

interface were characterized by measuring hydraulic Elglérg 2. Discharge.durling 1Jdune }_\993 tol CSepLen':AblerU lS9A93Sat thhe
pOtentlaIS by usmg the sampllng wells as p_|<_ezomet- Creek igaaut!r;ilk?a;rtig?gucézztti Cc:geklf%\lﬁrs;svs i?\e(;aicéte éamplé dthgs.
ers, and by following the movement of additions of

a conservative tracer (Bras NaBr) (Hedin et al.,

1998). Additions of inert tracers showed that pore wa- (j.e., summer base-flow) (Figure 2). Each of the 2 tran-
ter moved from upland wells towards the stream at sects consisted of 5 sampling sites (i.e., coring sites)
velocities ca. 0.4-0.9 cm ht and that rates of vertical  within a 3 m distance from the stream (Figure 1). We
movement of pore waters (upwelling) increased with shifted coring transects within a 1 m area between
proximity to the stream (Hedin et al., 1998). DOC sample dates in order to ensure that a given sample
in shallow pore waters consistently decreased along site was previously undisturbed and to minimize po-
the flow path (Figure 1). Concentrations of electron tential autocorrelation within the data set. Hence, we
acceptors (e.g., £ NO, SG;) varied in a thermo-  examined 40 independent sediment samples. We used
dynamically predictable pattern as pore water moves a one inch soil corer with plastic sleeve to sample sed-
from anoxic upland soils to oxic stream-surface sed- ijments. To prevent @intrusion into anoxic sediments
iments (Hedin et al., 1998). Sampling and analysis we immediately capped the plastic sleeves with rubber
of pore water chemistry is described in Hedin et al. stoppers and positioned them in deoxygenated water
(1998). Briefly, water samples were withdrawn using before returning to the laboratory. Cores were manip-
polypropylene syringes and tygon tubing, filtered im- ylated in an anaerobic chamber in the laboratory. From
mediately through pre-rinsed Gelman A/E glass fiber each core we removed a portion of sediment between
filters (<1 «m nominal pore size), stored in polyethyl-  0.3—-0.5 m depth, which coincides with the approxim-
ene bottles, and kept on ice until refrigerated (Hedin et ate depth of the inlet ports on our wells. These sections
al. 1998). Dissolved @was measured using a modi- were then homogenized in @vacuated flasks. To
fied micro-Winkler technique, DOC was analyzed by provide representative chemistry during incubations,
lonics high temperature platinum catalyst combustion, we added pore water from adjacent wells that had been

and NGy, sof;, and Br- were analyzed on a Dionex  deoxygenated by sparging wittpN
lon Chromatograph (Hedin et al., 1998).

Jun1
Jull 4
Aug 1
Sep 1

Bacterial productivity

Materials and methods Bacterial productivity was determined by measuring
the rate of incorporation ofH]thymidine (PH]TdR)
Sampling regime into bacterial DNA (Findlay et al., 1984; Findlay,

1993). Although some anaerobic bacteria (e.g., some
We sampled sediments along two replicate transectsgroups of sulfate reducers, acetogens, and methano-
(ca. 0.5 m apart) on 4 dates in 1993 (June 16, July gens) may not be able to incorporat&i[TdR, many
21, July 29 and August 6). The first sample date common anaerobic bacteria are known to incorporate
(i.e., June 16) was during a period of high stream- exogenous TdR for DNA synthesis (Pollard & Mori-
discharge regionally, while the three latter dates were arty, 1984). For our estimates of bacterial productivity
during a period of low stream-discharge regionally we took three 1 crh sub-samples from the homo-
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genized sediment slurry of each core. Hence, 120 Bacterial biomass

observations were made during the study (4 dalés o )

cores<3 sub-samples). Samples from all sites were Fatty acm_l yleI_d was estimated as a_surrogate measure
incubated at 17C for 3 h on a mechanical shaker ©f bacterial biomass (Vestal & White, 1989; Dobbs
with 1 nmole (20 Ci mmot?) of [3H]TdR added to & Findlay, 1993;'Haack et al., 1994).'The approagh
5 ml pore water. We concluded that catabolism of assumes that |Ip.ld poolg degrade rapldly outside live
[3H]TdR was unlikely during a 3 h incubation be- cells and that viable microbes continually regener-

cause a time-course experiment showed a linear rate®€ lipid pools, thus the extractable lipid from an
of isotope incorporation between 0.5 and 5 h (data not €Nvironmental sample represents microbial lipid at a
shown). Incubations were terminated by the addition 9VEN Point in time. We estimated total cellular fatty
of 5 ml 5% formalin. Immediately following termin- ~ 2cid methyl ester (FAME) yield using a commer-
ation, sediment samples were filtered onto a Qu4% cially available (Microbial ID, Inc., Newark, DeI.)'
filter (Poretics), washed three times with 5% formalin, 9@S chromatograph-software system. For our estim-
and frozen along with filter. We subsequently extrac- 21€S Of FAME yield we attempted to take three 1°cm
ted DNA from these frozen samples (i.e., sediment sub-samples from the homogenized sediment slurry
samples and associated filters) with an alkaline solu- ©f €ach core for the July 21, July 29, and August
tion (0.3 N NaOH + 1% SDS + 25 mm EDTA) for 12 6 samplln_g datesnj(: 30 cores), however a lack of

h at 25°C on a mechanical shaker. A 5 ml portion of homogenized sediment prevented us from analyzing
the supernatant was chilled on ice, neutralized with 1 thre€ sub-samples from all of the cores (cores lack-
ml of 3 N HCI, and acidified with TCA. Carrier DNA ing three s_ub-samplesn = 10). FAME_ yield was
(0.1 mg) was added to aid precipitation of DNA prior not determined fqr the June 16 samph_ng date. Over-
to centrifugation (15,006cg for 15 min at 4°C). The all, 78 observations were made gurlng the ;tudy.
supernatant was aspirated and the pellet was resus>amples were stored at70 °C until extraction in
pended in 5% TCA for an additional wash. DNA was order to minimize changes in the fatty acid pools.

hydrolyzed from the second pellet in 5% TCA for 30 Brieﬂy3 lipids were removed from cells (killed an(_j
min at 95°C. Following a final centrifugation (5000 YS€d in 100°C methanol), methylated under basic

xg for 5 min), 1 ml aliquot of the supernatant was conditions to increase vollatility, extracted from the
radioassayed to determine DPM in DNA on a scintil- 2duéous phase, washed in NaOH, and prepared for
lation counter and corrected with control samples ( 92S chromatography in accordance with manufacturer
= 10 per sampling date) which were killed with 5% recommendaﬂons (see Haack e_t fa_l' (199_4) for an
formalin prior to incubation (routinelys 10% DPM analy5|s of the accuracy, reproduuplllty,_and interpret-
of live samples). To minimize the dependence of our &tion of FAMEs profiles). FAME yield is known to
results on assumptions regarding carbon conversionVary among isolates, among whole-communities, and
factors and isotopic dilution (see Fallon & Boylen, &mong procedures, therefore we report FAME yield
1990; Kaplan et al., 1992; Chrzanowski et al., 1993), N 9as chromatograph peak area unlts._ Pez_:lk area units
we report bacterial productivity as DPM (in DNA) ~ are directly related to FAME yield which is closely
cm~3 h~—L. However, we conducted isotope dilution linked to microbial biomass, hence they indicate relat-

experiments with sediment from the extremes of the ive differences in microbial biomass among samples.
sampling gradient in order to account for potential Microscopic inspection of several samples and the

variation in the exogenous thymidine pool across the Minor contribution of signature fatty acids from eu-
soil-stream interface. Each of these assays used 20<@ryotes suggest that bacteria account for the majority
samples that represented dilutions of 0, 1, 3, 5, and (-6 >95%) of microbial biomass in our samples. In
10 nmoles cm?3 in addition to killed controls. Assays ~ 2ddition, signature fatty acids for gram-positive proka-
were analyzed using the reciprocal-plot method (Mori- ryotes,_ sulfate—re_dug:mg bacteria, and other anaerobic
arty & Pollard, 1981; Findlay et al., 1984). These bacteria were ubiquitous among samples.
assays showed similar levels of exogenous thymidine:
4.0 nmoles and 5.5 nmoles crhfor the stream-side
and upland sediments, respectively. We collected three additional sub-samples (13cm
from the homogenized sediment samples for analysis
of POC from all coresr(= 120 observations). Mean
dry weight was 1.01 g cé(+SE = 0.07;n = 40

POC measurement and analysis
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cores). .Part'cma.te organic matter Wa_s determlned by Table 2. Results from regression analyses in which FAME
measuring the difference between dried weight (dry-  yield is the dependent variable. FAME yield was not determ-

ing sediment sub-sample at 70 for 24 h) and ashed ined for samples from 16 J_une. Mean DOC values from Figure
weight (combusting at 500C for 4 h). Variance 1are “jeod(ﬂ analyses.= independent cores. = p < 0.05;
among sub-samples was low (mean CV = 15%x ="

40 cores). We assumed that organic matter was 50%  source of data Independent variables
carbon (Cole et al., 1988). It is important to note DOC POC

that POC, bacterial productivity, and FAME yield are nor? p re p
reported and compared in terms of sediment volume

(i.e. cn? sediment) in order to avoid spurious rela- ;i julne 10 <001 0946 054 0015
tionships associated with data normalized by sediment o Jﬂlz 10 026 0129 061 0.008
dry-weight (Bird & Duarte, 1989). C:N ratios were 6 August 10 001 0852 037 0061
determined from June 16 and July 29 cores using a

Carlo Erba CNS Analyzen(= 60 observations). All dates 30 001 0587 0.71 <0.001

Results

We found that bacterial productivity and biomass
(i.e., FAME yield) varied over an order of magnitude
throughout the soil-stream interface of Smith Creek. August 6

Most of this variability was the result of differences ~~ 40000
among cores rather than variation within cores; vari- &= A
ation among analytical replicates € 3) for given ";E 30000 -
cores remained relatively low throughout our study for &
both productivity (mean CV = 18%n = 40 cores) E 20000
and biomass (mean CV = 21%;= 28 cores). Con- <)
trary to our initial hypothesis, we found that spatial o, 10000 -
variation in bacterial productivity and biomass did not ~ ®
follow the persistent DOC gradient across the soil- Y T ¥ T
stream interface on any of the sampling dates (Tables 003300 200 100 0 -100
1 and 2). Our data from August 6 provides the most g B
clear illustration that bacterial productivity did not 5
vary in a consistent pattern as a function of distance & 0.02
3
Table 1. Results from regression analyses in which bacterial & 0.01
productivity is the dependent variable. Mean DOC values from - T
Figure 1 are used in analyses.= independent cores™ = @
p<0.01 E
= 0
Q 1 ] T
Source of data Independent variables @
DOC POC
n r? p 2 V4
16 June 10 026 0.131 0.05 0.553
21 July 10 0.04 0.601 031 0.098
29 July 10 0.3 0.303 0.86 <0.001
6 August 10 0.06 0508 0.74 0.001
Figure 3. Variations in (A) bacterial productivity (BP) (i.e., DPM
Al dates 40 002 0396 009 0064 in DNA) and (B) POC across soil-stream interface on August 6

sampling date. Each point is the meah ( SE,n = 3) from
sub-samples for a given core. Squares represent transect 1 and
circles represent transect 2.

Exclude 16 June 30 0.04 0.324 0.28 0.003




50

across the soil-stream interface. On August 6, the
two replicate transects had strikingly different patterns
in bacterial productivity even though they were only
ca. 0.5 m apart (Figure 3a). Overall, we did not find
direct evidence in support of the idea that bacterial
productivity in anoxic riparian sediments is controlled
by pore-water DOC.

In contrast, we found that variations in bacterial
productivity across the soil-stream interface strongly

stream sediments while bacterial productivity varied
in an apparently independent manner (Table 1, Figure
4a & 4b). We are unable to explain the variations in
bacterial productivity on the June 16 sampling date,
however regional discharge was high prior to the June
16 sampling date compared to the 3 latter sampling
dates (Figure 2). Excluding June 16, we found that
POC was a statistically significant predictor of bac-
terial productivity within the riparian sediments of

corresponded to variations in the amounts of sediment our study site ?= 0.28; p = 0.003; n = 30 cores)

POC on July 29r= 0.86;p = 0.001;n = 10 cores)
and August 6 1= 0.74; p = 0.001;n = 10 cores),
and weakly corresponded on July 22 0.31;p =
0.098;n = 10 cores) (Table 1). For example, the con-
trasting patterns in bacterial productivity that occurred
between replicate transects on August 6 (Figure 3a)
can be explained by similar variability in sediment
POC (Figure 3b). Differences in bacterial productivity

within transects, among transects, and among sample

dates could in general be explained by variations in
the spatial distribution of POC (range: 0.005 to 0.05 g
C cm3). One notable exception was June 16 when
POC showed a uniform decrease from upland soils to

June 16
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Figure 4. Variations in (A) bacterial productivity (BP) (i.e., DPM
in DNA) and (B) POC across soil-stream interface on June 16
sampling date. Each point is the meah ( SE,n = 3) from

(Table 1, Figure 5). We also found that POC was a
highly significant predictor of bacterial biomass within
the sediments of our study site?€ 0.71;p = 0.001;
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n = 30 cores) (Table 2, Figure 6). C:N ratios of or- (Pusch, 1996), and productivity (Marxsen, 1996) have
ganic matter varied only slightly within our study site been documented.
(mean =14.7, CV = 14.7%) indicating that variations While others have measured bacterial productivity
in amounts of POC, as opposed to the quality of POC, in shallow-sandy sediments in which stream-surface
was influencing bacterial productivity and biomass.  water perfuses (Hendricks, 1996; Marxsen, 1996), we
are unaware of measurements across a riparian soil—
stream interface. This lack of information is surprising
Discussion given the potential importance of this area in influen-
cing the biogeochemistry of streams. Based on our
Our results show strong heterogeneity in bacterial pro- measured isotopic dilution of 4.75 nmole cfy a
ductivity and biomass across a soil-stream interface, conversion factor of 210" bacterial cells per mole
even though pore-waters displayed a consistent pattern[°H]TdR incorporated (Moriarty, 1986), an average
in DOC across the soil-stream interface. Our results bacterial cell size of 0.2um? (Haack et al., 1988),
did not support our primary hypothesis that bacterial and C content per cell of 2:010~" ug C um—3
productivity would vary as a function of pore-water (Simon & Azam, 1989), we estimate the mean bac-
DOC concentrations a|ong the riparian flow path In- terial productivity across the soil-stream interface to
stead, our results suggest that POC is important in be 0.27ug C cni3h~1. This estimate exceeds the
explaining the heterogeneity of bacterial productivity range reported by Hendricks (1996) for the Maple
and biomass within anoxic riparian sediments at our River in Michigan and is similar to the mean estim-
study site (Figures 5 and 6). This finding contrasts with ate reported by Marxsen (1996) for the Breitenbach
studies that have emphasized DOC as the dominantin Germany, 0.23:g C cn3h~1. In addition, this
control of bacterial activity in oxic, stream-hyporheic Productivity estimate does not differ dramatically from
sediments through which stream-surface water per- those reported for sediments in a wide array of aquatic
fuses (Findlay et al., 1993; Vervier et al., 1993; Jones ecosystems (see Cole et al., 1988). Furthermore, our
etal., 1995). Our result is especially surprising consid- 0bserved relationship between bacterial productivity
ering the marked decrease in DOC (55 to1.0 rﬁlg | and POC fits Closely with a predictive model based
along a relatively short (ca. 3 m) flow path. Although on data from several different freshwater and marine
the range in POC (range: 0.005-0.05 g Cém =40 aguatic ecosystems in which POC ranges several or-
cores) is greater than the range in DOC, sediment POcders of magnitude (derived from Cole et al., 1988)
does not follow a stable cline across the soil-stream in- (Figure 7).
terface. Nevertheless, POC could explain only ca. 28%  Although variations in bacterial productivity were
of the total measured variation in bacterial productiv- apparently unrelated to the stable cline in DOC,
ity (Figure 6), indicating that additional variables (e.g., the mean production rate that we report (0,23
inorganic nutrients, electron acceptors, grazing) are C cm>h~1) is ample to account for the decline in
also important in regulating bacterial productivity in
sediments at our study site or the proportions of TdR
incorporating bacteria vary among samples. Yet even

s 100
a statistically weak relationship between bacterial pro- -:
ductivity and POC may have considerable ecological 2 10l rre
significance if POC is the principle energy source for S M
bacteria. Further, POC explained 71% of the total § . Low °
measured variation in bacterial biomass. The strength 3 e
of these relationships is amplified when one considers I
the modest range in POC we report relative to ranges 5 My
reported in review papers that make similar compar- .§ oot

a ™ ,

isons among aquatic ecosystems using log—log plots 001 01 1 o 100 1000
(e.g., Cole et al., 1988; Sander & Kalff, 1993). In : Sediment POC (mg C (g DW)-1)
addition, our findings are in agreement with severalre- _ , _ . _

t studies in shallow-hvporheic sediments in which Figure 7. Comparison of bacterial productivity and POC relation-
cen ) : yp_ A ship found in our study (solid line) with that for sediments across
relationships between sediment organic matter and freshwater and marine ecosystems (dashed line) by Cole et al.
bacterial biomass (Fischer et al., 1996), respiration (1988).
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DOC across our study site, even using conservative as-ance of POC as a control on bacterial productivity and
sumptions. For example, if we assume that pore-water biomass in near-stream sediments, yet there is clearly
DOC concentration declines from 5 mg/L to 1 mg/L a need for additional studies on bacterial activity in
along a flow path through a cubic meter of sediment soil-stream interfaces from contrasting catchments.

in which water velocity is 10 cm ' (> 10-fold the

reported estimate) and porosity is 25%, then we can

calculate a predicted ‘max_lmum’ rate of D3OCl loss Acknowledgments

of 1000 mg C every 10 h (i.e., 044g C cni°h™).
Even if we assume a high bacterial growth efficiency
(carbon allocated to biomass/total carbon utilized) of
50%, then our estimate of bacterial carbon demand
would be ca. 0.56.9 C cnt3h~1 and exceed the
predicted ‘maximum’ rate of DOC loss by 5-fold.
Hence, loss of DOC along the riparian flow path at this
study site may still be mediated by microbial meta-
bolism even though bacterial productivity and biomass
are heterogeneous. In other words, our results do not
refute the hypothesis that DOC declines are mediated
by microbial metabolism.

The question of whether DOC, POC, or other
factors dominate as the control on bacterial produc- References
tion in stream and riparian sediments is complex. The
flux of DOC through sediments can be influenced by Bird, D. F. & C. M. Duarte, 1989. Bacteria-organic matter relation-

. . . . ship in sediments: a case of spurious correlation. Can. J. Fish.
t_nologlcal (e.g.,. metabollsm),_ chemical (e.g., adsorp-  qqati. sci. 46: 904-908.
tion), and physical (e.g., dilution) factors (see Kaplan chrzanowski, T. H., K. Simek, R. H. Sada & S. Williams, 1993.
& Newbold, 1993)_ For example, DOC can adsorb to Estimates of bacterial growth rate constants from thymidine in-
sediment surfaces, thus forming sediment-bound POC corporation and variable conversion factors. Microb. Ecol. 25:
' ; - 121-130.
(McDowell, 1985;_ M_Cnght et al., 1992; Fiebig & ~ Cole, J.J., S. Findlay & M. L. Pace, 1988. Bacterial production in
Marxsen, 1992; Fiebig, 1997). Research on hyporheic fresh and salt water ecosystems: a cross-system overview. Mar.
flow paths that flow parallel to streams (as opposed  Ecol. Prog. Ser. 43: 1-10. , o
to flow paths from upland soils through riparian sedi- Dobbs, F. C. & R. H. Findlay, 1993. Analysis of microbial lipids
. . to determine biomass and detect the response of sedimentary
ments) has shown concomitant decreases in DOC and  mjcroorganisms to disturbance. In P. F. Kemp, B. F. Sherr, E.
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