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Abstract. This analysis of organic matter dynamics in streams has 3 objectives: 1) to explore the
relationships between physical characteristics of streams and their watersheds (climate, geomorphol-
ogy) and stream organic matter dynamics using data from a broad geographic area; 2) to compare
stream organic matter dynamics in a diverse array of streams in order to suggest determinants of
observed patterns; and 3) to reveal deficiencies in currently available data on organic matter dynamics
in streams. Streams were included in this analysis not to represent the global diversity of stream
types but because organic matter data were available. In the introductory chapter we describe the
kinds of data included for each stream and provide brief descriptions of previously published organic
matter data for streams included in the comparative analysis but not described in individual chapters.
The next 16 chapters present organic matter data for streams from North America, Europe, Australia,
and Antarctica. Most of the streams represented are in the temperate zone of North America. Data
presented include climate and geomorphic variables and organic matter inputs, exports, and standing
crops. The chapters on individual streams are followed by 7 chapters analyzing physical features of
these streams and specific components of the organic matter budgets. Stream size, water temperature,
and precipitation were the most important variables setting the physical template for organic matter
processes occurring in the streams. Watershed area was the best predictor of gross primary produc-
tivity (GPP), which increased with increasing watershed area. Watershed area, discharge,-and soluble
reactive phosphorus concentration explained 71% of the variation in GPP. Climate (latitude) and
vegetation type were more important than stream order in predicting litter inputs across a broad
geographic range of streams, although, within a river basin, litterfall decreased with increasing
stream order. Regression of benthic organic matter (BOM) and latitude and precipitation proved
useful in predicting BOM standing crop in streams at a continental scale, although BOM was also
related to channel characteristics such as gradient and woody debris. Benthic respiration increased
dramatically with increasing temperature (Q10 = 7.6), suggesting a response related not only to
metabolism but also to changes in BOM quality in response to latitudinal shifts in vegetation. Ter-
restrial and riparian vegetation was found to play an important role in regulating suspended partic-
ulate organic matter (POM) concentration and export, with higher values observed in forested streams
and in lower gradient streams with extensive floodplains. Channel slope was the best predictor of
dissolved organic matter (DOM) concentration and export, probably because of its relationship with
riparian wetlands and hydrologic flowpaths. In the final chapter, a synthesis of the organic matter
budgets, we reached two conclusions: 1) At a global level, stream organic matter dynamics are driven
primarily by climate through its effect on terrestrial vegetation. 2) Despite significant progress in
understanding organic matter processes in streams, many of the differences we found among streams
reflect omissions of important components of the budget, especially accurate measures of streambed
area, heterotrophic respiration, standing stock of fine BOM, and groundwater inputs of DOM.

Key zvords: stream, organic matter, budget, primary production, litterfall, BOM, DOM, POM, res-
piration.
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Benthic organic matter storage in
streams: influence of detrital
import and export, retention

mechanisms, and climate

JEREMY B. JONES, JR.'

Environmental Sciences Division,
Oak Ridge National Laboratory,

P.O. Box 2008, Bldg. 1506,
Oak Ridge, Tennessee 37831-6034 USA

In lotic ecosystems, BOM is a major energy
source for secondary production (Minshall 1967,
Benke et al. 1984), influences nutrient cycles
(Mulholland et al. 1985), and affects export of
DOM and POM (Bilby and Likens 1980, Bilby
1981, Smock et al. 1989). Benthic detritus also
influences channel stability and retention char-
acteristics (Keller and Swanson 1979, Mosley
1981, Webster et al. 1994) and provides habitat
for stream microorganisms, macroinvertebrates
(Benke et al. 1984, Huryn and Wallace 1987),
and fish (Angermeirer and Karr 1984, Elliott
1986). However, in spite of the great importance
of BOM to stream ecosystem function, benthic
detrital storage is one of the most poorly un-
derstood components of stream organic matter
budgets (Cummins et al. 1983).

Storage of BOM is governed by a broad spec-
trum of processes. At the scale of the river con-
tinuum, BOM tends to decrease downstream as
channels become larger and riparian influences
decline (Naiman and Sedell 1979, Minshall et al.
1983, Conners and Naiman 1984, Naiman et al.
1987). Individual reaches, however, are influ-
enced not only by their position along a river
continuum but also by local variations such as
the character of riparian vegetation (Minshall et
al. 1983, Gurtz et al. 1988) and floodplain size.
Within reaches, BOM distribution is further af-
fected by retention mechanisms, including de-
bris dams and pools (Huryn and Wallace 1987,
Smock et al. 1989, Trotter 1990, Jones and Smock
1991), channel characteristics like gradient, and
interactions between main-channels and flood-
plains (Benke and Wallace 1990, Smock 1990).

In this synthesis I address questions of how
BOM and the factors poteAtially governing stor-

Present address: Department of Biological Sci-
ences, University of Nevada, Las Vegas, 4505 Mary-
land Parkway, Las Vegas, Nevada 89154-4004 USA.

age vary over a range of spatial scales. BOM
data were from streams with varying geomor-
phologies distributed in a range of biomes with
vastly different vegetation characteristics. Data
were analyzed by subdividing independent
variables into 3 categories, 1) organic matter im-
port and export rates, 2) channel characteristics,
and 3) latitude and climate, to determine the
best predictors of stream BOM. The results were
used to assess how BOM storage is coupled to
terrestrial litter production, in-stream primary
production, and organic matter retention mech-
anisms.

Methods

Data set

The data set consisted of 31 of the sites listed
by Webster and Meyer (1997). Deep Creek in
Idaho and the 3 streams in Puerto Rico lacked
BOM data and were not included in this anal-
ysis. The data set also included 2 y of data from
Watershed 10 in Oregon. These 2 y of data were
averaged so as not to give extra weight to Wa-
tershed 10 in the analysis. Other sites commonly
lacked information for one or more variables in
a given analysis; consequently, many statistical
tests have sample sizes <31 (sample sizes for
analysis noted in Table 1). Information on de-
trital storage consisted of total BOM, wood,
CBOM excluding wood, and FBOM; all values
herein are expressed as AFDM.

Data analysis

Data were primarily analyzed using step-wise
multiple linear regressions (a = 0.05-to-enter).
Two criteria were used to subdivide independent
variables into categories. First, covariance among
variables was minimized. For example, in the anal-
ysis of channel characteristics, I included dis-
charge as a measure of stream size, but not stream
width, reasoning that discharge integrates channel
width along with other channel characteristics.
Second, I only included variables with potential
causal effects on BOM. For each category, all 4
measures of BOM (total BOM, wood, CBOM,
FBOM) were regressed against the independent
variables. Independent variables included in a par-
ticular analysis are given in the results. Data were
log transformed, when necessary, to achieve lin-
earity.
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FIG. 1. FBOM, CBOM, and wood storage in study streams. Refer to Webster and Meyer (1997) for listing
of stream abbreviations.

Besides the regressional analysis, a map of
BOM in streams of the contiguous United States
was constructed to assess how BOM is distributed
at this broad spatial scale. The map was made by
plotting total BOM in streams by latitude and lon-
gitude then fitting contour lines to the data using
a distance-weighted least squares smoothing (SY-
GRAPH, SYSTAT, Inc, Evanston, Illinois). The map
was restricted to the contiguous United States due
to lack of BOM data from other regions. Two ad-
ditional maps were constructed illustrating annual
precipitation and predicted BOM (storage predict-
ed from multiple regression results) in the United

States for comparison with the map of observed
BOM in streams.

Results

Storage of BOM in streams was highly vari-
able, ranging 5 orders of magnitude from only
20 g BOM/m2 in Monument Creek, Alaska, to
35,000 g BOM /m2 in the Oregon headwater
stream of Watershed 10 (Fig. 1). Wood account-
ed for the most of benthic detritus averaging
62% of total 50M. The contribution of wood to
the total pool of BOM in streams was highly
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variable, however; streams higher than 65° lati-
tude stored little wood, whereas 98% of BOM
in Lookout Creek, Oregon, was wood (Fig. 1).
The next largest component, CBOM, accounted
for an average of 24% of benthic detritus. As
with wood storage, the proportion of total BOM
attributable to CBOM was highly variable rang-
ing from only 1% in Lookout Creek to over 86%
in the Kuparuk River (Alaska) and Canada
Stream (Antarctica). The smallest fraction of
BOM was FBOM (14% overall; Fig. 1). FBOM
varied from only 1% in Lookout Creek to 60%
of BOM in Walker Branch, Tennessee.

Import and export rates of organic matter

Total BOM and wood storage were directly
related to input rate of leaf litter into streams (p
< 0.05, Table 1; Fig. 2). Whereas there was much
unexplained variance between BOM and litter-
fall, streams receiving <200 g m- 2 y-' of litter
stored < 2400 g wood /m2. In contrast, wood
storage in streams accruing >600 g m-2 y-1 of
litter was highly variable, ranging from 400 to
29,000 g/m2.

FBOM was inversely correlated with NEP (p <
0.001; Fig. 2, Table 1). Thus, the Ogeechee River
in Georgia and Buzzards Branch in Virginia had
the greatest storage of FBOM although they had
the lowest in-stream rate of organic matter pro-
duction. Conversely, autotrophic streams like Rat-
tlesnake Springs in Washington and Sycamore
Creek in Arizona stored little FBOM compared
with other streams (Fig. 2).

Channel characteristics

Total BOM and wood were directly related to
channel gradient (Fig. 3, Table 1) with greatest
storage in streams with steeper channels. CBOM
storage was also correlated with channel gradi-
ent (r = 0.66, p < 0.001). However, after wood
storage entered the step-wise regression model,
the partial correlation coefficient between CBOM
and channel gradient declined to a nonsignificant
value of 0.21 (p ^ 0.05; Table 1) and thus gradient
was excluded from the model. The relationship
between wood and channel gradient is exempli-
fied by the Oregon streams. In the high gradient
(>40%) 1st-order streams Watershed 10 and De-
vil's Club Creek, wood storage was >25,000 g
wood/m2. In contrast, in the lower gradient
(<3%) 5th-order Lookout Creek and 7th-order

McKenzie River, wood storage was <5800 g
wood/m2. Notable exceptions to the association
between wood and gradient were 2 blackwater
streams (Buzzards Branch and the Ogeechee Riv-
er) and the Quebec headwater streams (First
Choice Creek and Beaver Creek), which had very
low channel gradients but stored considerable
amounts of wood (Fig. 3).

CBOM retained and stored in streams was di-
rectly related to wood standing stocks (p <
0.001; Fig. 3, Table 1). Streams with the highest
wood storage, such as Watershed 10, Devil's
Club Creek and Mack Creek, and 2 of the black-
water streams (Buzzards Branch and Ogeechee
River) also stored the greatest amounts of
CBOM. Likewise, FBOM was correlated with
wood (r = 0.46, p = 0.037). However, following
entry of CBOM into the step-wise regression
model (Table 1), the relationship between FBOM
and wood was nonsignificant (r = 0.01) and
hence wood was excluded from the final model.

Geographic patterns

The storage of BOM in streams exhibited a
distinct geographic pattern and was related to
precipitation (Fig. 4, Table 1). The similarity in
patterns of BOM storage and precipitation in the
contiguous United States is quite striking (Fig.
5A and 5B). Streams in the southeastern United
States, a region receiving substantial precipita-
tion (75 to 215 cm/ y; Karl et al. 1994), had BOM
storage ranging from 600 to 10,500 g BOM/m2.
In the Pacific Northwest, where mean annual
precipitation varies from 70 to 320 cm, storage
was even greater, ranging from 800 to 34,900 g
BOM / m2. In contrast, in the dryer western and
midwestern United States, where precipitation
is typically < 70 cm/y, BOM was < 600 g
BOM/ m2 (Fig. 5A).

Discussion

Stream ecologists have long recognized that
the quantity and quality of stream BOM reflect
adjacent riparian vegetation. This observation is
epitomized by the River Continuum Concept
(RCC), which describes a longitudinal reduction
in BOM due to broadening of channels and con-
sequent reduced contribution of riparian inputs
(Vannote et al. 1980). While the RCC predicts a
general longitudinal pattern of organic matter
storage for a range of streams and rivers, there
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TABLE 1. Results from step-wise multiple regression analysis of BOM (total BOM, wood, CBOM, and FBOM)
versus organic matter import and export rates (litterfall, NEP, and DOM and POM export), channel character-
istics (for total BOM and wood, model independent variables were channel gradient, discharge and stream-
order; for CBOM, wood was also included in model; for FBOM, wood and CBOM were included in model),
and latitude and climate (precipitation and temperature). A total of 12 regression analyses were conducted.
Within each category (e.g., organic matter import and export rates), all 4 measures of BOM were regressed
against the independent variables. Only independent variables that entered the models are listed.

Dependent variables' Independent variables b Test results

Variable	 Intercept Variable

Correla-
tion

coefficient	 Constant
Multi- Sample
ple r2	size F-ratio p-value

Organic matter import
and export rates
Total BOM	 74.86 Litterfall 0.43	 13.80 0.20 29 6.79 0.015
Wood	 154.4 Litterfall 0.48	 13.61 0.27 27 9.12 0.006
CBOM -	 - - 29 - ^0.05
FBOM	 188.9 NEP -0.76	 -0.519 0.58 24 29.76 <0.001

Channel characteristics
Total BOM	 1677 Gradient 0.77	 54,283 0.59 28 36.94 <0.001
Wood	 1377 Gradient 0.74	 46093 0.54 26 28.63 <0.001
CBOM	 51.12 Wood 0.77	 0.097 0.58 27 34.65	 - <0.001
FBOM	 175.0 CBOM 0.59	 0.279 0.34 25 11.78 0.002

Latitude and climate
In Total BOM	 4.965 Precipitation 0.65	 0.019 0.43 29 19.95 <0.001
In Wood	 29.13 Latitude -0.62	 -0.500 0.66 28 18.16 <0.001

Precipitation 0.75	 0.037
Temperature 0.25	 -0.728

In CBOM	 3.619 Precipitation 0.41	 0.011 0.17 30 5.63 0.025
In FBOM	 7.195 Latitude -0.67	 -0.085 0.52 25 14.00 <0.001

Precipitation 0.62	 0.010

Total BOM, wood, CBOM, FBOM = g/m2
Litterfall, NEP = g m- 2 y - I ; gradient = m/m; latitude = degrees; precipitation = cm/y; temperature = °C

are frequent exceptions due to local influences.
As pointed out by Minshall et al. (1983), varia-
tions in riparian conditions, organic matter in-
flux from tributaries, location-specific lithology
and geomorphology, and extent of floodplains,
in addition to position along a river continuum,
all influence BOM.

Stream BOM and terrestrial linkages

At the broad scale of the contiguous United
States, the distribution of stream BOM is very sim-
ilar to the pattern of terrestrial litter production.
In the United States, litter production is greatest
in the Southeast and Northwest with rates ranging
from 290 to 670 g dry mass m- 2 y-' (Bray and
Gorham 1964). In contrast, in the arid and semi-
arid interior United States, litter production is
much lower and typically <200 g dry mass

m- 2y- L . Meentemeyer et al. (1982) reported that
global litterfall is correlated with actual evapo-
transpiration and latitude (r2 = 0.79). Actual
evapotranspiration is a particularly informative
measure for terrestrial ecosystem production be-
cause it integrates both energy and moisture avail-
ability to plants (Meentemeyer 1978). Similarly, in
the present study BOM was related to precipita-
tion (Table 1), which describes the water available
for terrestrial photosynthesis and subsequent de-
tritus available to streams.

The interpretation of BOM storage at the scale
of the contiguous United States is constrained
due to lack of data for many regions (Fig. 5A).
Using the regressional relationship between
BOM and precipitation (Table 1), I extrapolated
beyond the spatial array of streams represented
using mean annual precipitation data from Karl
et al. (1990; 1211 precipitation stations with 48
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FIG. 2. Wood storage versus annual litterfall and FBOM storage versus annual net primary production.

to 122 years of data per station). The benefits of
this extrapolation are 2-fold. First, BOM can be
predicted a priori in streams using precipitation
data for a region. Second, if, after measuring de-
trital storage, observed BOM differs from pre-
dicted levels, the factors controlling BOM vari-
ance within a given region can then be explored.

The predicted pattern of detrital storage in
streams of the contiguous United States (BOM
predicted using the regression, Table 1; Fig. 5C)
is very similar to observed levels (Fig. 5A), al-
though predicted values underestimate actual
values. In the eastern United States, the region
best represented in the workshop data set (9 of
the 19 streams in the contiguous USA are in the
East), BOM increased from <2000 g BOM/m2
in the north to 10,000 g BOM/m2 in the south
(Fig. 5A). The predicted values of BOM in the
eastern USA showed the same general pattern
although predicted levels underestimated ob-
served (1500 g BOM/m 2 predicted for the
Southeast compared with 10,000 g BOM/m2 ob-
served; Fig. 5C). In the mid-section of the coun-
try there were few data (only 2 streams in this
region) and thus little resolution of BOM stor-

age. The regressional equation, however, pro-
vides a tool to resolve potential variability in
storage for this region. Based upon the BOM
and precipitation relationship, storage in the
country's mid-section is predicted to decline
from a high of 1300 g BOM/m2 in the southeast
to <300 g BOM/m2 farther north (Fig. 5C). In
the far western United States observed levels
range from <2000 to >20,000 g BOM/m 2 (Fig.

The contour lines fit to the observed data
indicated that much of the western United States
has streams that store large quantities of organic
matter. Isopleths, however, are strongly affected
by the organic-matter-rich streams in Oregon
(Fig. 5A), a region of high precipitation (Fig.

Much of the western USA is arid and semi-
arid (Fig. 5B), which limits terrestrial organic
matter production. Thus, in contrast to high
BOM storage indicated from the observed data,
predicted BOM is <1000 g BOM/m 2 for the en-
tire area (Fig. 5C).

The predictions derived using the regression-
al equation describing the relationship between
BOM and precipitation can be further assessed
using published data. Table 2 lists BOM report-
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ed in 18 studies in North America that were not
contributed to the data set (data were not in-
cluded in the regressional analysis). For western
streams (studies 1-4, Table 2), reported BOM
storage ranged from 10 to 890 g BOM/m 2 and
typically was <500 g BOM/m 2 . BOM predicted
from precipitation is <500 g BOM/m 2 for most
of the West. Similarly, in the northern United
States (streams 5-8, Table 2), BOM storage
ranged from 100 to 970 g BOM/m2, in close
agreement with predicted storage of 600 to 1100
g BOM / m2 . In the southern and eastern United

States (streams 9-18, Table 2), however, there
was a poorer fit between predicted and reported
storage. Organic matter storage is variable in
this region, ranging 500-fold from only 10 g
BOM/ m 2 in the Middle Oconee River in Geor-
gia (Nelson and Scott 1962) to 5270 g BOM /m2
in Grady Branch, North Carolina (Golladay et
al. 1989), and suggesting that factors beyond cli-
mate and latitude are important. In particular,
the relationship between BOM and precipitation
does not incorporate more localized influences
such as catchment and stream size, and geo-
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morphology. Thus, while the accuracy of BOM
storage predicted from the regression equation
is variable, particularly in the southeastern Unit-
ed States, the relationship does describe a gen-
eral pattern at a subcontinental scale and, as
such, has applicability for understanding BOM
storage across broad regions.

Deriving a relationship between BOM storage
and precipitation has utility beyond estimating
BOM storage for unstudied regions or streams.
Given current concern about global climate
change, future stream organic matter storage
under different climate scenarios can be pre-
dicted. If precipitation increases with a change
in climate then stream BOM may also increase
as a result of increasing litter production. Ob-
viously the relationship between BOM and pre-
cipitation is based on a limited data set (29
sites). The equation, however, generates testable
predictions of BOM both in response to tem-
poral change and for regions in which we cur-
rently lack information.

Channel geomorphology

The distribution and storage of BOM in
streams are not only dependent on terrestrial
organic matter production and import but are
also regulated by the arrangement and abun-
dance of POM retention mechanisms. In the re-
gression of BOM storage versus channel char-
acteristics, channel gradient was highly corre-
lated with total BOM, wood, and CBOM (Table
1). General characteristics of streams such as
substrate size, drainage basin morphology, and
stream hydrology are related to channel gradi-

ent; high gradient streams tend to be small,
drain steeply sloped basins, have large rocks
and boulders (or flow over bedrock), and have
high current velocities, features potentially af-
fecting BOM. Leaf retention and organic matter
storage in streams generally increase with sed-
iment particle size and bed roughness (Webster
et al. 1987). For example, in 2 streams in western
North Carolina, BOM standing crops and reten-
tion rate of leaves were greater in riffles than in
bedrock outcrops (Huryn and Wallace 1987),
potentially due to lack of obstructions on bed-
rock that would retain and store organic matter
(Webster et al. 1994). Similarly, the retention rate
of leaves in sand-bottomed streams dramatical-
ly declines as flow rate increases in contrast to
high-gradient cobble-dominated streams, which
tend to remain retentive with increased flow
(Jones and Smock 1991). Streams with sand and
bedrock substrates function similarly in that
they lack obstruction that retain and store POM.

Channel gradient, besides influencing stream
substrate, also affects water depth. For a given
discharge, water column depth is inversel y re-
lated to gradient. Leaf transport distances and
retention rate in 3 streams in the southern Ap-
palachian Mountains were significantly corre-
lated with depth presumably because of differ-
ences in POM particles striking obstructions
such as logs or rocks (Webster et al. 1994). The
probability of impinging on an obstruction in-
creases as stream depth declines. In the present
study, the direct relationship between storage
and stream gradient observed probably results,
in part, from variations in channel substrate and
water column depth.
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AFDM /m 2 (panel A), 10 cm precipitation/y (panel B),
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Woody debris

The storage of CBOM and FBOM were di-
rectly related to wood standing stocks. Many
studies have illustrated the important role of
woody debris in removing transported POM
from the water column and subsequent storage.
Debris dams in Buzzards Branch accounted for
50-77% of retention of leaves removed from the
water column (Jones and Smock 1991). Further,
leaves traveled 9-fold farther in reaches cleared
of debris dams compared with undisturbed
control reaches (Smock et al. 1989). Similarly, in
a 3rd-order stream in Indiana, leaves traveled
1.5 times farther in reaches lacking debris dams
than in reaches containing at least one accu-
mulation of wood (Ehrman and Lamberti 1992).
In a comparison of drainage basins with differ-
ent logging histories, leaves traveled farther in
a stream draining a catchment clear-cut 13 y
earlier than in a reference stream, presumably
due to reduced storage of large wood (Webster
et al. 1994). The authors conjectured that leaf
retention in the disturbed stream ma y remain
low for several centuries.

Woody debris not only affects POM retention,
but also increases BOM storage and reduces or-
ganic matter export. In a 1st-order stream in the
Hubbard Brook Experimental Forest, 75% of
BOM was stored in debris dams although dams
covered only 8% of streambed area (Bilby and
Likens 1980). As the areal extent of debris dams
declined to 5% and 1% in 2nd-order and 3rd-
order streams, BOM storage behind dams
dropped to 58% and 20%, respectively. Following
clearing of all debris dams from the 2nd-order
reach, POM export increased 5-fold (Bilby 1981)
and BOM storage declined 63% (Bilby and Lik-
ens 1980). Likewise, debris dams in Buzzards
Branch in eastern Virginia stored 85% of BOM
though they covered only 6% of streambed area
(Smock et al. 1989). Interestingly, in another
stream in eastern Virginia (Colliers Creek), debris
dams covered 5% of the streambed but stored
only 21% of BOM (Smock et al. 1989). Colliers
Creek has a lower gradient than Buzzards
Branch (0.03 versus 0.08%) and therefore proba-
bly lacks stream power to move POM into dams.

20 000

Future research needs

Our understanding of organic matter storage
is limited in several facets. First, temporal as-
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TABLE 2.	 Total storage of benthic organic matter in streams of the contiguous United States and southern
Canada.

Location
BOM

Order (gAFDM/m2) Notes Reference

1. Blaney Creek, Mayfly Creek,
Spring Creek, British Columbia,
Canada 2 200-480 Richardson 1992

2. Salmon River, Idaho 2-8 40-370 Wood not measured Minshall et al. 1983,1992
3. Little Beaver Creek, Colorado 3 10-200 Short and Ward 1981
4. Tesuque Creek tributaries, New

Mexico 2 90-890 Wood not measured Trotter 1990
McCaughly Creek, Michigan 1 430 Petersen et al. 1989
Augusta Creek, Michigan 1-3 140-590 Wood not measured King and Cummins 1989
Kalamazoo River, Michigan 2-5 750-970 Wood not measured Cummins et al. 1981
Buck Run, Pennsylvania 5 100 Wood not measured Minshall et al. 1983
East Fork Trinity River tributar-
ies, Texas 2-4 10-60 Hill et al. 1992
Buttahatachie River, Mississippi 4 60 Wood not measured Naimo et al. 1988
Colliers Creek, Virginia 1 4300 Smock 1990
Grady Branch, North Carolina 1 5270 Golladay et al. 1989

13. Stillhouse Branch, North Caroli-
na 1 1300 Small wood only Lugthart and Wallace 1992

14. Ball Creek, North Carolina 2 560 Wood > 1 cm Huryn and Wallace 1987
15. Ash Branch, Georgia 3 910-1020 Wood only Benke and Wallace 1990
16. Cowpen Creek, Georgia 3 820-990 Wood only Benke and Wallace 1990
17. Black Creek, Georgia 4 4980 Wood only Wallace and Benke 1984
18. Middle Ocanee River, Georgia 5 10 Wood not measured Nelson and Scott 1962

pects of BOM are poorly understood because
most studies are limited to only 1 y, even
though BOM storage is often variable across
years (Cummins et al. 1983). As organic matter
production varies temporally due to factors such
as disturbance by flooding (Grimm 1987, Smock
et al. 1994, Jones et al. 1995) and forest clear-
cutting (Golladay et al. 1989), stream detrital
storage also changes. Multi-year studies of BOM
storage are needed. Second, most studies of or-
ganic matter storage are limited to the benthic
layer. The hyporheic zone is potentially a major
site for organic matter storage. For streams in
which both benthic and hyporheic storage have
been measured, the latter accounts for 25-90%
of total stored organic matter (Cummins et al.
1983, Metzler and Smock 1990, Jones et al. 1997).
Deep subsurface storage must be considered in
future studies to determine its importance in a
range of streams. Finally, the full suite of organ-
ic matter retention and storage mechanisms
must be explored. Debris dams have received
the lion's share of attention as detrital storage
sites although other retention mechanisms such
as pools and floodplains are also important, es-

pecially in streams lacking wood. BOM storage
must be considered with respect to a number of
processes operating on a range of scales.
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Large-scale trends for stream
benthic respiration
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Carbon dioxide is the ultimate product of or-
ganic matter processing; the release of one mole
of CO, through 'espiration represents the dis-
sipation of about 470 kJ of energy (Voet and
Voet 1990). Within streams, benthic respiration


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

