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Golladay, S. W., Webster, J. R. and Benfield, E. F. 1989. Changes in stream benthic
organic matter following watershed disturbance. - Holarct. Ecol. 12: 96-105.

Benthic organic matter was collected efuarterly from streams draining a 9-yr-old
clearcut, an 18-yr-old "old-field", a 25-yr-old successional forest, and two reference
watersheds at Coweeta Hydrologic Laboratory in the Appalachian Mountains of
North Carolina, USA. Samples were separated into large benthic organic matter
(LBOM >1 mm) and fine benthic organic matter (FBOM <1 mm). An additional
survey of large (>5 cm diam.) and small (1-5 cm diam.) wood was conducted.
Standing stocks of LBOM ranged from 124 to 255 g AFDM irT2 (ash free dry mass)
and were significantly higher in streams draining reference watersheds and the
successional forest than in either the recent clearcut or old-field. Reference sites
exhibited LBOM peaks in late autumn and spring. No seasonal patterns were ob-
served in disturbed streams. Standing stocks of FBOM averaged 113 to 387 g AFDM
m~2, and the stream draining the successional forest had significantly higher FBOM
levels than the other sites. In reference streams, FBOM abundance peaked in spring.
In disturbed streams, FBOM standing stocks were highest in summer or late autumn.
Standing stocks of large wood ranged from 0 to 3956 g AFDM m~2 and were
significantly higher in the reference streams than in streams draining the old-field or
successional forest. Small wood averaged 11 to 342 g AFDM m~- and was signif-
icantly lower in the stream draining the old-field than at the other sites. Comparisons
of organic matter inputs with standing stocks indicated that disturbed streams at
Coweeta receive less material and process it faster than reference streams. Disturbed
streams also appear to be less retentive than reference streams and exhibit a gradual
decline in FBOM during the winter when large, long-duration storms combined with
low particle generation rates deplete accumulated FBOM.

S. W. Golladay, J. R. Webster and E. F. Benfield, Biology Dept, Virginia Polytechnic
Inst. and State Univ., Blacksburg, VA 24061, USA. Present address of S.W.G.,
Biology Dept, Clarkson Univ., Potsdam, NY 13676, USA.

Introduction

Low-order temperate forest streams are closely linked
to the areas they drain (Hynes 1975, Vannote et al.
1980), and the role of allocrithonous organic matter as
an energy base for these streams has been well docu-
mented (e.g. Nelson and Scott 1962, Minshall 1967,
Kaushik and Hynes 1971, Petersen and Cummins 1974).
Accumulations of leaves and wood are also important
habitats for stream consumers, decrease stream power
and erosiveness, and act as sites of nutrient uptake (e.g.
Heede 1972, Swanson et al. 1976, Likens and Bilby
1982). In contrast to forest ecosystems, where structure

and function are internally generated by the growth of
vegetation, much of the structure and function of lotic
ecosystems is generated by the import of organic matter
from the surrounding watershed. Thus, watershed dis-
turbances such as forest cutting or burning induce
stream disturbances which continue until predistur-
bance patterns of vegetation are reestablished on the
watershed (e.g. Webster and Swank 1985), a process
that may take 100-400 yr, depending on climate and
mature forest type of the region (Likens and Bilby 1982,
Swanson and Lienkaemper 1978).

During forest succession the most serious impact on
stream ecosystems is probably a decline in the amount
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Tab. 1. Characteristics of the study sites. Estimates of litter input (not including wood) to Big Hurricane Branch, Sawmill Branch,
Hugh White Creek, and Grady Branch are based on collections made in 1983-1984 and include litterfall + blow-in (Webster
unpubl. data). Inputs to Carpenter Branch were obtained during 1985-1986 and represent litterfall only (Risley 1987).

Watershed*
Treatment

Watershed
Area (ha)
Main Channel
Length (m)
Gradient
(mm"1)
Streambed
Area (m2)
Averge Annual
Discharge (L sec"1)3

Minimum
Discharge (L sec"1)
May 1985-Apr 1986

Big
Hurricane

Branch

7
Clearcut

58.7

1225

0.19

3274

18.52

5.85

Sawmill
Branch

6
Old-field

8.9

370

0.24

277

2.65

0.69

Carpenter
Branch

13
Intermediate
Successional

16.1

604

0.19

1330

5.39

1.21

Hugh
White
Creek

14
Reference

61.1

1125

0.15

8085

19.37

4.88

Grady
Branch

18
Reference

12.5

345

0.20

1116

4.06

0.70

Maximum
Discharge (L sec"1)
May 1985-Apr 1986
Litterfall
(g AFDW m"2 yr"1)

120.92

436

38.09

438

46.12

382

171.30

491

32.8

626

"Based on a minimum of 30 yr of Forest Service Records.

of large woody debris and numbers of debris dams in
stream channels (Swanson and Lienkaemper 1978, Li-
kens and Bilby 1982, Golladay et al. 1987). Debris dams
have been reported to erode rapidly following wa-
tershed logging (Fisher and Likens 1973, Bilby 1981).
Small twigs and leaves, which form the internal matrix
of debris dams, decay relatively rapidly, and because
post-disturbance allochthonous inputs tend to be low,
the matrix is not replenished. Even though larger wood
may remain, breakdown of debris dam matrices may
account for the increased organic matter transport ob-
served following logging (Gurtz et al. 1980, Hobbie and
Likens 1973, Webster and Golladay 1984). Eventually
large woody debris dating from before the disturbance
also decays. The net result is an erosion of the stream's
capacity to resist downstream export of material, partic-
ularly during storms or seasons of high discharge. Thus,
forest disturbance reduces the ability of streams to resist
shorter term natural disturbances. In this investigation,
we examined the effects of forest disturbance on the
abundance of organic matter in streams by measuring
standing stocks of woody debris and leaf litter in
streams draining clearcut, old-field, intermediate suc-
cessional, and reference watersheds.

Materials and methods
Site description

This work was conducted at Coweeta Hydrologic Lab-
oratory, Macon County, NC, USA. Five sites were
selected for study, three streams draining disturbed wa-
tersheds and two streams draining reference water-
sheds. Big Hurricane Branch drains Watershed-(WS)-7,
a 58.7-ha experimental watershed, which was grazed by
cattle from 1941-1952 and cable logged during the win-
ter of 1976-1977. Regrowth is dominated by hardwood
sprouts, herbs, vines, and seedlings (Boring et al. 1981).
Carpenter Branch drains WS-13, a 16.1-ha experimen-
tal watershed. Originally hardwoods, all trees and
shrubs were cut in 1939-1940 and again in 1962 (Swank
and Douglass 1977). The watershed is presently covered
by an intermediate successional hardwood forest dom-
inated by yellow poplar, Liriodendron tulipifera L. at
lower elevations and mixed oaks, Quercus spp. at
higher elevations (Leopold and Parker 1985). Sawmill
Branch (SB) drains WS-6, an 8.9-ha experimental wa-
tershed. In 1942 the riparian vegetation was removed
from the streamside (12% of watershed area). In 1958
all marketable timber was removed from the watershed,
and the slash was burned. The watershed was fertilized,
limed, and seeded with grass in 1959. Herbicides were
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Tab. 2. Fine (0.45 um - 1 mm) and large (>1 mm) benthic
organic matter in Coweeta streams. Values are means (g
AFDW m~2) and in parentheses ± 95% confidence limits and
sample sizes.

Disturbed
Sawmill
Branch
Big Hurricane
Branch
Carpenter
Branch

Reference
Hugh White
Creek
Grady
Branch

FBOM
Annual Mean

157
(37,120)

113
(15,240)

387
(58,120)

166
(20,240)

147
(20,120)

LBOM
Annual Mean

129
(18,120)

124
(19,239)

255
(31,120)

213
(24,240)

244
(30,120)

applied from 1960-1965 to inhibit the growth of broad-
leaf vegetation. WS-6 was fertilized again in 1965, and
from 1966-1968 all vegetation was killed by herbicide
treatment (Johnson and Swank 1973). Finally in 1968
the watershed was permitted to begin natural succes-
sion, and today it is an old-field, with primarily black
locust, Robinia pseudoacacia L. at lower elevations and
yellow poplar at higher elevation sites. Hugh White
Creek drains WS-14, a 61.1-ha watershed and Grady
Branch drains WS-18, a 12.5-ha watershed. Watersheds
14 and 18 are mixed hardwood forests composed of
mixed oaks, red maple Acer rubrum L., hickory Carya
spp. and yellow poplar with a dense rhododendron Rho-
dodendron maximum L. understory (Day and Monk
1974). Both sites are longterm reference watersheds at
Coweeta. They were selectively logged prior to 1925
and, except for the chestnut blight, have been undis-
turbed for 60 yr (Swank and Douglass 1977). Further
characteristics of the study sites are presented in Tab. 1.

Undisturbed Coweeta streams are densely shaded by
riparian vegetation, have low autochthonous primary
production, and receive most of their annual energy
input from autumn leaffall (Webster et al. 1983). Based
on collections made in 1983-1984 and 1985-1986, an-
nual litter inputs (excluding wood) to the streams range
from 382 to 626 g AFDM m~2 streambed yr~' (Tab. 1.)
(Risley 1987, Webster unpubl. data). Coweeta streams
support a diverse invertebrate fauna dominated by
detritivores (Woodall and Wallace 1972, Haefner and
Wallace 1981). The study sites were selected to provide
a successional gradient ranging from recently disturbed
to relatively undisturbed streams. The reaches sampled
on each stream extended from the stream source down-
stream to the gauging station. Prior to treatment all of
the streams drained mixed hardwood (oak/hickory) for-
est.

Benthic organic matter measurements

Benthic organic matter was collected from each stream
on 7-12 July 1985 (summer), 21-26 November 1985
(autumn), 13-18 February 1986 (winter), and 25-29
April 1986 (spring). Hugh White Creek and Big Hurri-
cane Branch were divided into 20 equal segments. The
smaller streams, Grady Branch, Carpenter Branch, and
Sawmill Branch, were divided into 10 segments. On
each date a randomly selected transect within each seg-
ment was sampled for benthic organic matter using a
0.071-nr circular sampler. A particular transect was
sampled only once during the study period. Samples
were taken at 0.25, 0.5, and 0.75 of the distance across
the channel on each transect. With the sampler in place,
substrate was stirred to a depth of 10 cm if possible. The
resultant slurry of organic matter and fine sediment was
pumped with a bilge pump through a 1-mm mesh net
into a 20-1 bucket. Large organic material (i.e. leaves,
and sticks <1 cm diam.) was removed from the sampler
by hand. This material and particles >1 mm which were
retained by the net (LBOM) were placed in paper bags
and taken to the laboratory, dried, weighed, subsam-
pled, ashed, and reweighed to determine organic con-
tent as ash free dry mass (AFDM). Material passing
through the net (FBOM) was subsampled, returned to
the laboratory, filtered (Gelman type A/E glass fiber
filter), weighed, and ashed to determine organic con-
tent as AFDM.

During summer 1985, estimates of large (>5 cm
diam.) and small (1-5 cm diam.) woody debris were
obtained for each stream. Small and large wood stand-
ing stocks were determined in randomly selected 1-m
wide cross-sections. Cross-sections were selected using
a stratified random sampling regime, with one cross-
section sampled per stream segment. All wood debris
1-5 cm in diameter was removed from each cross-sec-
tion and weighed wet. Subsamples were returned to the
laboratory, air dried to constant weight, ashed (550°C,
40 min), and the residue weighed to determine organic
content as ash free dry mass. The AFDM of the original
sample was estimated by correcting for moisture and
ash using the laboratory measurements. The AFDM of
the original sample was then divided by the transect
area so fine wood standing stocks could be expressed on
an areal basis (g AFDM m~2 stream channel).

Large woody debris (>5 cm diam.) was handled in a
similar manner. Small logs were weighed individually
and subsampled, and AFDM was determined as de-
scribed above. For logs too large to weigh, diameter and
length were measured to determine volume. Subsam-
ples were returned to the laboratory, dried, weighed,
immersed in a graduated cylinder of water to determine
volume, ashed, and the residue weighed to determine
AFDM. The density of the subsample and the volume
of the original log were used to estimate AFDM. The
weights of all logs in a particular transect were summed,
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Fig. 1. Large benthic organic matter (>1 mm) in Coweeta
streams. Values are means (g AFDM m~2) and standard errors.

then divided by transect area to determine large wood
standing stock on an areal basis.

Finally, the entire main channel of each stream was
surveyed for accumulations of organic matter. Three
categories were recognized: 1) organic matter accumu-
lations - accumulations of leaves and sticks supported
by rocks and boulders, with no wood >5-cm diam., 2)
logs - wood alone, with an average diam. >5-cm, 3)
debris dams - sticks and leaves aggregated with support-
ing logs >5-cm diam. Only accumulations that clearly
affected stream morphology, i.e. created pools or stair-
step patterns of flow, were included in the survey.

Unless otherwise noted, all statistical comparisons of
sites were made using analysis of variance followed by
multiple comparisons of means with an alpha level of
0.05.

Results and discussion
Average annual benthic organic matter standing stock

Mean annual LBOM (averaged over all sampling sites
and dates) ranged from 124 to 255 g AFDM m~2

(Tab. 2). Grady Branch (reference), Hugh White Creek
(reference), and Carpenter Branch (intermediate suc-
cessional) had significantly more LBOM than Big Hur-
ricane Branch (recently disturbed) or Sawmill Branch
(old-field).

FBOM averaged 113 to 387 g AFDM m~2 (Tab. 2).
Carpenter Branch had significantly more FBOM than
any of the other streams. The standing stock of FBOM
in Hugh White Creek (reference) was significantly
higher than in Big Hurricane Branch (recently dis-
turbed); there were no significant differences in com-
parisons of the other sites.

Seasonal pattern of LBOM standing stock

Reference streams (Grady Branch and Hugh White
Creek) exhibited a seasonal difference in LBOM abun-
dance, with significantly higher standing stocks in au-
tumn and spring than summer (Fig. 1). Of the disturbed
streams, only Big Hurricane Branch had an annual dis-
tribution of LBOM similar to the reference streams. In
Big Hurricane Branch, autumn LBOM standing stocks
were significantly higher than those observed in spring
or summer. In the other two streams there were no

o
600

-a- Grady Br
-o- Hugh White Cr

S
1985

M A
1986

Fig. 2. Fine benthic organic matter (0.45 um - 1 mm) in
Coweeta streams. Values are means (g AFDM m"2) and stan-
dard errors.
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Tab. 3. Estimates and confidence intervals (95%) for small woody debris in Coweeta streams. Estimates were obtained using
arithmetic means and confidence limits based on the t-statistic and nonparametrically using the Hodges-Lehman procedure.
Values are g AFDW m"2 of stream channel.

Parametric Non-parametric

C.L. Median C.L.

Range

Disturbed
Sawmill
Branch
Big Hurricane
Branch
Carpenter
Branch

Reference
Hugh White
Creek
Grady
Branch

78

383

261

312

300

(0,229)

(238,528)

(81,441)

(173,451)

(169,431)

11

342

196

284

270

(1,338)

(213,540)

(121,486)

(133,452)

(182,448)

10

20

10

20

10

(0-675)

(0-1080)

(61-911)

(0-1048)

(94-734)

significant differences in LBOM standing stocks over
the study period.

Seasonal pattern of FBOM standing stock

In the reference streams, FBOM levels were highest in
spring samples and lowest in summer (Fig. 2). In Grady
Branch FBOM levels observed during summer were
significantly lower than those observed during any other
season, and no significant differences in FBOM stand-
ing stocks were measured on the other dates. In Hugh
White Creek, FBOM standing stocks in autumn and
spring were significantly higher than summer levels. In
the disturbed streams there was no consistent pattern of
FBOM distribution. In Sawmill Branch (old-field) there
were no significant differences in FBOM levels over the

year. In Big Hurricane Branch (recently disturbed),
autumn FBOM levels were significantly higher than
those observed at any other date. The FBOM standing
stocks measured in winter and spring were significantly
higher than those collected during summer. In Carpen-
ter Branch (intermediate successional), FBOM levels
were significantly greater in summer than in other sea-
sons.

Distribution of woody debris

The amount of wood measured in cross-sections within
each stream varied over several orders of magnitude.
Nonparametric methods were used to compare amounts
of woody debris in the streams. Arithmetic means and
confidence intervals based on the t-statistic are pre-

Tab. 4. Estimates and confidence intervals (95%) for large woody debris in Coweeta streams. Estimates were obtained using
arithmetic means and confidence limits based on the t-statistic, and non-parametrically using the Hodges-Lehman procedure.
Values are g AFDW ~2 of stream channel.

Parametric Non-parametric

C.L. Median C.L.

Range

Disturbed
Sawmill
Branch
Big Hurricane
Branch
Carpenter
Branch

Reference
Hugh White
Creek
Grady
Branch

1457

2833

232

5134

4578

(0,4608)

(515,5151)

(0,506)

(930,9338)

(0,9209)

0

1241

138

2462

3956

(0,6991)

(339,4145)

(0,593)

(184,7530)

(119,8280)

10

20

10

20

10

(0-13981)

(0-20370)

(0-1185)

(0-34500)

(0-15527)
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Fig. 3. Contributions of various organic fractions to total orga-
nic matter standing stock in Coweeta streams; BHB-Big Hurri-
cane Branch, SB-Sawmill Branch, CB-Carpenter Branch,
HWC-Hugh White Creek, GB-Grady Branch. Nonparametric
estimates of wood standing stocks were used in calculations,
but other values are means.

sented for purposes of comparison with other studies
and with nonparametric procedures. However, we feel
that these estimates are biased by the asymetrical distri-
bution of the data (distribution is skewed toward high
wood standing stocks).

Standing stocks of small wood debris ranged from 11
to 342 g AFDM m~2 (Tab. 3, values are based on the
Hodges-Lehman procedure, e.g. Hollander and Wolfe
1973). Sawmill Branch (old-field) had significantly

lower standing stocks of small woody debris than the
other streams (Kruskal-Wallis Test, followed by a pro-
tected Wilcoxon Rank-Sum LSD, p<0.05). There were
no significant differences in the amount of small wood
among the other streams.

Standing stocks of large woody debris in Coweeta
streams ranged from 0 to 3956 g AFDM m~2 (Tab. 4,
values based on Hodges-Lehman procedure). The ref-
erence streams, Grady Branch and Hugh White Creek,
had significantly greater amounts of large wood than
both Carpenter Branch (intermediate successional) and
Sawmill Branch (old-field) (Kruskal-Wallis Test, fol-
lowed by a protected Wilcoxon Rank-Sum LSD.
p<0.05). Standing stocks of large wood in Big Hurri-
cane Branch (recently disturbed) were not significantly
different from either reference streams or the other
disturbed streams.

Percent composition of organic matter standing stocks

Total organic matter standing stocks were estimated for
each stream by summing average annual standing stocks
from each organic matter category. Total organic matter
in reference streams was 3126 g AFDM m~2 (HWC) and
4347 g AFDM irT2 (GB). The dominant fraction in both
streams was large woody debris (79% in HWC and 90%
in GB) (Fig. 3). Total organic matter standing stocks in
Big Hurricane Branch (recently disturbed) was 1820 g
AFDM m~2 , with 68% as large woody debris. Streams
draining the old-field and intermediate successional for-
est appeared to have substantially lower total organic
matter standing stocks than the other sites; total organic
matter standing stock was 297 g AFDM m~2 in Sawmill
Branch and 978 g AFDM m~2 in Carpenter Branch.
Large wood constituted only 14% of total organic mat-
ter in Carpenter Branch (intermediate successional) and
was essentially absent in Sawmill Branch (old-field); the
dominant form of organic matter in these two streams
was FBOM (0.45 um - 1 mm). In Big Hurricane Branch
(recent clearcut) the dominant form of organic matter
was large wood; however its importance (as percent
composition and absolute amount) was lower than in
the reference streams. These findings suggest that wa-
tershed disturbance has resulted in decreases in the
amount of large woody debris in stream channels.

The predominance of large woody debris is not
unique to Coweeta streams. Naiman and Sedell (1979a)
reported that over 90% of total organic matter in first
and third order Oregon Cascade Mountain streams was
large woody debris (>10 cm diam.). Estimates of large
wood standing stock in Cascade streams range from 15
to 45 m~2 (Keller and Swanson 1979, Naiman and Sedell
1979a, Swanson et al. 1982), considerably higher than
observed in Coweeta streams.
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Tab. 5. Distribution of organic debris in Coweeta streams. Values are means and 95% confidence limits.

Disturbed

"Data originally collected for 10 m reaches, then converted to 25 m reaches.

Reference

Organic
Accumulations
(no. per 25 m)
Debris Dams
(no. per 25 m)
Logs
(no. per 25 m)
Log diameter

Big
Hurricane

Branch

1.1 (0.4)

0.1 (0.1)

2.6 (0.5)

20.7 (2.1)

Sawmill"
Branch

2.2 (0.9)

0.0 (0.0)

0.3 (0.5)

-

Carpenter
Branch

1.9 (0.7)

0.2 (0.2)

0.6 (0.4)

20.4 (13.5)

Hugh
White
Creek

2.7 (0.6)

0.4 (0.2)

2.3 (0.6)

22.6 (2.4)

Grady
Branch

5.1 (1.4)

0.6 (0.5)

2.3 (0.8)

19.2 (3.0)

Aggregation and distribution of benthic organic matter

Debris dams (sticks and leaves aggregated with logs >5
cm diam.) are not common in first and second order
Coweeta streams because streamflows of sufficient mag-
nitude to move and consolidate large woody debris are
rare. Thus, logs generally remain in position where they
fall into the stream. The reference streams had signifi-
cantly more debris dams than Big Hurricane Branch,
the recently disturbed stream; there were no differences
in the number of debris dams in Carpenter Branch
(intermediate successional) when compared with the
other sites (Tab. 5). Organic matter accumulations (ac-
cumulations of leaves and sticks with no wood >5 cm
diam.) were the most common morphological features
in undisturbed Coweeta streams. Grady Branch had
significantly more organic matter accumulations than
any other stream. Hugh White Creek had more organic
matter accumulations than Big Hurricane Branch; there
were no significant differences in the number of organic
matter accumulations in Carpenter Branch compared
with the other sites.

Logs (>5 cm diam.) were also common in Coweeta
streams. Carpenter Branch, the stream draining inter-
mediate successional forest, had significantly fewer logs
than the other streams. There was no significant differ-
ence in the average diameter (approx. 20 cm) of logs in
the different streams. Sawmill Branch was not surveyed
for distribution of organic debris in the present study.
However, a similar survey conducted in 1983 revealed
an average of 2.17 organic matter accumulations, 0.33
logs, and no debris dams per 25 m reach.

A regression analysis of benthic organic matter stand-
ing stock versus distance upstream from the weir pond-
ing basin indicated that organic matter standing stocks
were not substantially greater near the headwaters of
either disturbed or reference streams. This has several
implications. First, instream processing for most LBOM
probably occurs near the site of introduction. If trans-
port of LBOM represented a significant loss from these

streams, one would expect a depletion of LBOM at
downstream sites, where average discharge is highest.
Second, FBOM losses are balanced by processes gener-
ating particles. If this was not the case, downstream
sites which have greatest fluctuations in discharge,
would have less FBOM. A similar analysis for small
(1-5 cm diam.) and large (>5 cm diam.) woody debris
showed no consistent upstream changes over the
reaches studied.

Comparison of standing stocks with inputs of organic matter

Much of the LPOM in low-order streams tends to re-
main and be processed near points of entry. Canopy
density combined with retention characteristics of very
short reaches may determine LPOM standing stocks.
Certainly the input of wood is determined by the pres-
ence of trees adjacent to streams and the occurrence of
stochastic events (wind, fire, ice storms, bank cutting,
and debris avalanches) that fell trees into stream chan-
nels (Keller and Swanson 1979). We examined the rela-
tionship between litter input and standing stock based
on collections (litterfall + blow-in) made in 1983-1984
from Big Hurricane Branch, Hugh White Creek, Grady
Branch, and Sawmill Branch (Tab. 1). Measurements of
litterfall (1985-1986) on WS-13 were used to estimate
litter input to Carpenter Branch.

Estimates of LBOM turnover were obtained be divid-
ing total litterfall by mean annual LBOM standing
stock. In the reference streams the turnover rate was 2.3
yr~' for Hugh White Creek and 2.6 yr"1 for Grady
Branch. In Sawmill Branch (old-field) and Big Hurri-
cane Branch (recent clearcut) turnover rates were 3.4
yr"1 and 3.5 yr"1, respectively. In Carpenter Branch
(intermediate successional) the turnover rate was either
1.5 yr"1 for litterfall alone or 1.8 yr"1 when a correction
was applied to estimate blow-in (average 19.9% of total
input to the other streams).

Because travel distances for leaf material in streams
are relatively short (Dance et al. 1979, Speaker et al.
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1984, Webster et al. 1987), the differences between
reference and disturbed streams probably cannot be
attributed to differences in downstream transport.
However, litter is processed faster in disturbed streams
because early successional vegetation, which dominates
the litterfall in recently disturbed streams, breaks down
more rapidly than litter from mature forests (Webster
and Benfield 1986). Also, decay rates of all litter types
appear to be accelerated in Coweeta streams following
logging (Webster and Waide 1982, Golladay and Web-
ster 1988). Carpenter Branch (intermediate succes-
sional) receives less litter from its watershed and main-
tains relatively high LBOM standing stocks, which re-
sult in relatively low turnover compared with reference
streams. These findings indicate that reference streams
receive greater litter inputs and retain a greater propor-
tion as LBOM, whereas disturbed streams receive lower
litter inputs and process a greater proportion into
FBOM.

FBOM standing stocks were strongly influenced by
litter input and the presence of LBOM. In general,
reference streams had higher levels of FBOM than dis-
turbed streams. In Sawmill Branch and Big Hurricane
Branch (disturbed streams), FBOM standing stocks
were highest in November, following a period during
which litter inputs and subsequent particle generation
rates were at annual maxima (e.g. Webster 1983). Dur-
ing winter and spring, FBOM standing stocks declined
in disturbed streams, corresponding to a period when
particle generation rates were at annual minima (e.g.
Webster 1983). Also, disturbed streams appear to be
less retentive of fine organic material than reference
streams and lose larger amounts material during storms
(Golladay et al. 1987). Reduced retentiveness probably
accounts for the gradual decline in FBOM observed
during winter in disturbed streams when large long-
duration storms combined with low particle generation
rates resulted in depletion of FBOM accumulated dur-
ing late summer and autumn. In the reference streams,
standing stocks of FBOM remained high from autumn
through spring, apparently reflecting the slower pro-
cessing rate of litter from mature forests. Reference
streams were also more retentive than disturbed
streams and thus less susceptible to large losses of
FBOM during storms (Golladay et al. 1987).

Carpenter Branch had anomalously high levels of
FBOM and did not exhibit strong seasonal variation in
FBOM standing stocks. The reasons for this are un-
certain, but WS-13 was once the site of a homestead
(W. T. Swank, pers. comm.), and sections of Carpenter
Branch are deeply incised with steep dirt banks and fine
sediment substrata typical of a pastureland stream. Also
the middle portion (200-300 m) of the stream is rela-
tively low gradient. Perhaps the high FBOM levels are
artifacts of soil erosion resulting from homesteading and
atypical streambed morphology.

Changes in stream organic matter abundance following
watershed disturbance

In many streams, distinct seasonal patterns of organic
matter abundance can be linked to patterns of organic
matter input from surrounding vegetation. In temperate
regions, LBOM standing stocks are highest in late au-
tumn following the period of highest annual litterfall
(e.g. Naiman and Sedell 1979a, Wakefield et al. 1980,
Short and Ward 1981, Iversen et al. 1982, Minshall et al.
1982, Barlocher 1983, King et al. 1987). LBOM stand-
ing stocks then gradually decline throughout the rest of
the year as coarse organic matter is processed into
smaller particles (FBOM).

In areas where substantial snowpack develops during
winter, streams ice over, and discharge remains rela-
tively constant (e.g. Likens et al. 1967). Under such
conditions FBOM standing stocks may increase due to
relatively low transport of fine particles (Short and
Ward 1981). With spring snowmelt, streamflows in-
crease and substantial scouring and downstream trans-
port may occur, reducing FBOM standing stocks
(Fisher and Likens 1973, Naiman and Sedell 1979b,
Short and Ward 1981, Minshall et al. 1982). At Coweeta
extensive snowpacks seldom develop but streams are
subject to scouring during large, long duration storms
that occur from late autumn through early spring. Re-
sistance to downstream transport of material during this
period is determined by the size and frequency of reten-
tion structures in stream channels. Even small debris
dams and organic accumulations retain material during
low flows; however, at some discharge any debris dam
will erode, releasing material into the water column
(Heede 1972, Fisher and Likens 1973).

Forest logging appears to have decreased the resist-
ance of Coweeta streams to organic matter export in
several ways. The gradual decline in wood standing
stocks following logging has resulted in a decrease in the
size and frequency of retention structures in disturbed
streams. Small infrequent retention structures are not
efficient at retaining material during storms. The al-
tered chemical quality of litter following forest logging
has resulted in faster processing of litter and an appar-
ent conversion of coarse to fine material earlier in the
season. Increased processing combined with reduced
litter input means that proportionally more organic ma-
terial is in a readily transportable form and less material
is available to be incorporated into retention structures
just prior to the season when export of organic matter is
most likely to occur.
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