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Abstract
Suspended panicles (se\t(nr) in strean\ are an impoiarr source of rutritior lbr many inlcrtcbratijs. lbndng a strong hophic lirk
berween plant and trnimal producrion. ln lbrcslcd r.gions rhc nianagcmcnt ol riparian corridors ay allcr allocht|o.ous and
autochrhonous conlriburiul\ ro srrcams. ullilnalcl] cha.ging lhc bioph,vsical charactcristjcs of seston. This article cxa incs thc
.ll ccls o l riparian condition on the bioph,vsical paramelers of seston at su mlner base-flow from I 9 smal l, headwater sffeam,i ( I sr

-rd ordcrJ on rlc 01!rnpic Pcninsula of washingion. Consistent lvith other studies. seston concentrations and percent oforganic
nallcr $crc nol corrclatcd with any single or combination of dparian chafacteristics. Nevefiheless, there are seleral fifarian
eilecrs on the bioric charlcrcrinics of scnon. Chloroph,vll , coDcentrations were generall) <1.0 mg Chl'dL but correlated
sigririltrnd,,- $ilh cenop) closurc. particularly for streams of lst and 2nd order. C:N ratios ranged from 1.6 to 25.6 and mean
!alues .rt coniierous sites $crc lignilicently higher lhan thosc at alder donrinated deciduous sites or at sites $ith no apprcciablc
ip.rrirr co!cr. Paiicl. dilcrijt) sho$ed lhit diato s r ere a sig nificanl proporiion of lolal seston di|ers ity (ranee = ,17 -66% of the
numbcr oi parliclc!). nlthough rignificantly higher concentrations of diatoms $ere found in siles lacking canopy cover. Surpris-
ingl)-. \rood particles were not !l ell represenled (range 2-.1tf of seston panicles) and \\'ood concentration did not !ar! b) fiparian
coler ttpe or b] any othef measufed parall]eter $'e conclude that riparian condilion fecls summer lbod quality, but not the
amount of susDended oreanic natter.

lntroduction
Disturbancc in thc riparian corridor ot'ten causes
dramatic shifts in the trophjc base of headwrter
strcams. Disturbed streamside forests typically
allow $eater penetration of direct sunlight and
the influx of limiting nutrietrts such as nitrogen
and phosphorus. Ultimately. autochthonous pro-
duction (c.g.. algal growth) increases 1n these
modified systems, and less allochthonous mate-
rials are contributed lrom thc riparian corridor.
we suspect that these changes aLre expressed in
thc typc. diversity, and quantitSr of pafi iculate
mi l le | i i r l \  in .u \per \ i  n  ( i .e . . .e . t r rn '

Positive relationships exist bctwccn slrcam
powcr and seston concentration during stom flows
in previouslv disturbed watershels (Bilby and
Likcns 1979, Wallace el al. 1991). but attempts
to relate seston concenffation durjng non-storm
conditions to strearn power. discharge, or any one

physical orbiological parameter largely have been
unsuccesstul (Sedellet al. 19711, Naiman and Sedell
lq7q .  Wal l rce  e t  a l .  lq82 l .  Scs lon  coneenr ra l ion
and its biophysical charactcristics appcar to be
determined by complex interactjons bet\\"een
stream power availability of material lbr cxpoft,
and the efficiency ofin stream retention and pro-
cessing (Naintan 1982, Golladay et al. 1987, Smock
et al. 1989). Changes to the biophysical charac-
teristics of seston relate directly to lbod quality
(e .g . .  C :N r i l l i o .  ch lo roph)  l i  concent ra t ion .  pcr
ticle diversity). ln natural systems thcrc are gen-
eral downsteam trends in presuned food qual
ity and direct l inkages between seston quality and
macroinvefiebrate communities (Naiman 1983).
For example, in streams originating fiom lakes.
nutrient-rich seston near the outlet supports a rich
fiJter-teeding fauna while high-quality seston and
invefiebrate assemblages decline in dorustream
reaches (Maciolek andTunzi 1968. Oswood 1979).
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similarity between seston composition and
macroinvertebratc gut contents provides thc ba-
sis tbr atttrching trophic ilnplications to changes
in Lhe biophysical charactcristics of suspended
particles (Fuller and Mackay 1980).

Generally, fbr the Pacific Coastal Ecorcgion
and other tbrcsted landscapes, base-flow scston
concentftltiorls and riparian characteristics are
unrelated (Naiman and Sedell 1979, Wallace et
al. 1982, Naiman 1983, Webstcr and Golladay
198,1). Even though stormflow, debris dams and
macroinveft cbrates affect total transpoft (Wallace
et al. 1991,Bilby 1981. Maciolek andTunzi 19681,
lhe  \ub l le  d ln rmic r  o l  .es lon  con(en l ra l ions  i l l
basc-ilow remain elusive. At thc Coweeta Hydro-
logic Laboratory (Norrh Carolina) a signiticant
propor l ion  o l  \e \ t . )n  i .  b rought  in to  \u \pen\ i . )n
by the activities of macroinvefiebrates (Webster
1983,  Wal lace  e t  a l .  1991) .

The composition and nutritional content of
scston are related to various riparian factors, such
as canopy closure and specics mix (Maridet et al.
Iqq7r .  Indeed.  \e \ lon  i \  \u \pec led  lo  in legr l te  a
number ofriparian and landscape elements. chang-
ing temporally in response to allochthonous in-
puts and discharge regine. This is especially so
in the spatially and temporally dynarnic Pacific
Northwest of North America where trequently
disturbed riparian forests are dominatcd by red
dder (Alnus rubntlfor as long as 100 yr (Naiman
et al. 2000). In contrast, nature ripanan zones
are generally conifer-dominated or characterized
b1 a  he terogeneous ar r )  o l  \eFe l t l i \e  commu
nities. The difference in canopy stmcture between
alder dominated and mature dpadan lbrests is
presumed to markedly affect seston charitcteris-
tics. We thought that some of the changes in scston
ch?ractgristics would serve as ilnother demonstra
tion of thc marked, system-level changes that re-
\u lt lrom major di\ lurhanee: in the riparian cun0p1.
While a causal l ink is not estabJished, this study
explores the relationship of riparian condition to
the biophysical characteistics of seston at sum-
mcl ba'e l lou tcro's heudurtcr strelms in con-
trasting stages of recovcry iiom disturbance.

Study Sites

The Olympic Peninsula in westcm Washington
is a highly variable ecological land mass that has
cvolved unique biotic characteristics since the
recession of the Pleistocene glaciers 10.000 yr

ago. Forests on thc westem slope ofthe Olympic
Mountains receive >500 cm of annual precipita
l ion .  more  lh i rn  rn )  regron  in  the  conternr inour
United States (Henderson ct al. 1989). However,
the mounlains are high enough to create a
rainshadow resulting in < 50 cm of annual pre-
cipitation on the lee side. This clirnatic and physi-
ographic diversity occurs within a rclatively small
geographic area (-12,000 km').

Nineteen streams were chosen to reprcscnl a
continuum of riparian canopy conditions (Figure
l). Thc sites were lst-3rd order streams located
within a variety of land ownerships and riparian
conditions. Most were on land managcd by the
USDA Forest Service (USFS; Olympic National
Forest);others wcrc within the m?Lnagement bound-
aries of the USDI National Park Service (NPS:
Olyrnpic National Park), the Simpson Timber
Company. and the Washington State Department
of Natural Resources (DNR). All wcre between
180 and 915 m elevation; some were low gradi-
ent while others, particularly the higher elevalion

Figure L N{ap of fic nlrdy sites on the Ol}mpic Peninsula.
\\ashington. L* = study sitesl
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sites. had gradients >307c. Some had litt le or no
anthropogcnic disturbance. while others had ex-
perienced recent riparian defbrestation. Gradient
on these sites ranged fiom l-30cl. and riparian
condition represented sites which had not been
disturbed in centu es, to sites which were extcn-
siyelv harvested within the past decade.

Methods

Assess  ng  B ipar  an  Cond i t ion

We recorded riparian cover type and canopy clo-
sure along 200 300 m of the stream site. Each
s i te  ua .  rn i t i i t l l ;  a rsessed b)  dc tc rmin ing . t re rm
order (Strahler), ordinal aspect, mean slope (de-
grces). drainage area (ha), mean channel width
(m), and year of last major riparian disturbance
(eithcr fire or human).

The riparian forest at each site was quantifled
using systenatic plots or belt transects. Different
methods were adopted at difTerent physical site
types to minimize potential erIoIS. while allow-
ing an accurate representation ofthe riparian cor-
r ido l  lHu.ch  e t  r l .  l  qq . l . J .  The 5mal  le . l  r i t c .  u  e re
quantificd with the random placcment of square
ll i, l \ r loni the chcnncl. u hile lhe larger sires u crc
sampled by bclt transects panllel to ftc channel.
Forest unifbrmity along the smallest streams en-
abled usc of the 25 mr plot, which allows both
sides of the channel to be sarnpled within the same
plot. On larger streams, belt transect width was
equal to the width of the riparian conidor, thc
ripadan extcnt determined by the slope break and
the presumed point at which stream discharge no
Ionger appreciably influenced the structure and
conrposition of riparian vegetation (typically thc
banklull width). Tree diameter was used to cal
culate basal area (BA; m: har). dominant species
(by both density and basal area), and nrean diam
eter (ctn). The coelflcient of variation (CV) for
each paramctcr provided an inder of site hetero-
gcneity.

Sites were grouped into riparian cover types
(coniferous. deciduous. no cover) based on total
riparian basal area of the dominant tree type . ln
cases of split dominance in the basal area plots
(<10% dift-erence between deciduous and conif-
erous). dominance liom the canopy closure plots
was used to determine the riparian cover type.

Canopy closure. a crit ical function in the hier
archy of in sffeam controls, was measured using
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a densiometer, with readings taken mid-channel
atevenly distributed points along the steam. Mean
closure and the coellicient ofvadation, expressed
as the pcrcentrge of ovcrhead \egeli it ion co\er-
ing visible sky. were calculated for each sitc. Ri-
paLrian cover type (coniferous, deciduous, no cover)
also was noted at each sampling point.

Seston Analyses

Samples were collected at random points in cach
site during July and August l997 and 1998. Most
samples were filtered on site, using a hand oper-
ated Nalgene vacuum pump. Filters were returned
to thc University of Washington for analysis. Typi-
cally, l-L samples were used, but 2-L samples
were often taken wherc seston concentations were
low. The filtered seston was measured for total
concen l ra l ion  rmg L Id15 ue igh t t .  o rgan ic  cLrn-
(en l r  t ion  f  mg A[DM.L ) .  percenr  o rgan i r '  mat
ter (7cOM), concentration ofchlorophyll .r (Chl-
a.L r), the ratio of carbon to niffogen (C:N), and
\isual characterization of particle diversity via
scanning elcctron microscopy (SEM).

Seston concentration and percent organic matter
were measured by filtering water samples through
pre-ashed, pre weighed ,17 mm glass fiber filters
(porc size I p). Filters were dried (70'C, 2,1 hr),
weighed, ashed (525'C,4 hr), nnd weighed again.
Ash-free dry mass (AFDM) was divided by dry
seston weight to determine the organic seston ftac
tion for each sanple, ftom which percentages could
be obtained. Threc replicates were collected for
each site on two dates in 1997 and I998 (once in
July and once in August of each sampling year).

Three 1-L grab samplcs (in the middle of the
water column) were taken at each study site for
each sampling date for chlorophyll-d. Filtered
samples were placed on ice and. within two days,
the chlorophyll was extracted under refrigeration
for 24 hr in a l0 mL solution of 907c acetone.
with a 10% solution of MgCO. (buffer). After
centrifugation, the sample was analyzed in a fluo-
rometer. The resulting measurement was re-
calculated forexpression as conccntration (Fg Chl-
a L r) and then convefted to mg Chl-ri.g AFDM '

by dividing pg Chl-a.L I values by corresponding
values fbr seston concenfation (mg AFDM.L r).

Three replicates were taken fiom each slte
during summer 1998 lor the carbon to-nitrogen
mtio. Filters were dried (70"C, 24 hr.) and total
C and N concentrations determined using an



elemental analyzer Acetanalide was used as a stan-
dard, and calibration curyes were built from stan-
dards and blanks to determine actual C and N
concentrations in each sample.

Scanning electron microscopy was usgd con-
currently with samples taken tbr the other bio-
physical parameters to quartity particle diversity.
At least three collections were made tiom each
site in July and August 1997 and 1998. Samples
on filters were dried (70'C. 24 hr). and a ran-
domly selected section ofthe fi l ter was cut ( 157o
of  lhe  lo ta l  f i l te r  l reu tand r l l i r c t l  to  r  mount ing
stub. The edge of the mounted filter section was
then painted with liquid colloidal silver (to in-
crease conductivity), and sputtercoated with gold/
palladium (60% Au/40% Pd). Four transects 70 -

120 !.m wide were employed on eilch stub fbr
sampling.

Pafiicles were identificd by particle type and
recorded in one ofthrec size classes (<l5pm, l5-
40pm. or>40[m). lndividual panicles were tallied
by size class and relative densities of pafiicles
(by size and type) were calculated based on the
total area of filter space sampled. An extrapola
tion was then made based upon total filter sur-
face area to detemine the total number and di-
\e r . i l )  u l 'p i rn i . ' l es  on  a  per  ro lume bu ' i . .

We performed ANOVA and corrclation analy
ses using Statview. The significance level for all
analyses was set at P = 0.05.

Results

Riparian fbrests associated with lst and 2nd or-
der streams were almost indistinguishable from
the corresponding surrounding upland or tenes
trial forests, whereas sites along the 3rd order
streams had a mosaic of patch types and a highly
distinct assemblage of typical sffeamside vegeta-
tion. Basal area in individual plots ranged fiom 0
to 229.7 m'? ha '. Mean basal area within sites
ranged from 0 (clearcut sites) to l50.5 m'].ha-r
(mature fbrest). Density was also highly variable,
ranging fiom 0 to 2292 stems.ha ' in individual
plots, to mean density values from 0(clearcut sites)
to 1281 stems.ha I (early-successional alder for
est). Basal area was not significantly correlated
with stcm density.

Ten riter were dorninated b1 conilerou. corer.
six by deciduous cover, and three had no appre-
ciable riparian cover. Canopy closure ranged from

0 l00c/c in individual measurements, whereas
mean canopy closure values within sites ranged
from 0 - 93.6ola.

Total scston concentntions ranged from 0.4
to 23.I mg.L I, and mean values ranged from 2.14
to 7.86 mg L.L(Table l). Organic seston concen-
trations, expressed as ash-free dry mass per vol-
ume of water (mgAFDM.Lt), ranging from 0.13
to 9.81 mg AFDM.L r and averaging 0.41 1o3.92
mg AFDM LT. The percentage oforganic matter
ranged from 32cl' to 556/o. Total seston conccn-
tration, organic seston concentmtlon and percent
organic matter were not significantly related to
tuny riparian parameters, and differences did not
exist between dparian canopy cover types.

Chlorophyll .r concentrations were < I .0 pg.
Lr. with 32% of all samples having concentra-
tions < 0.1 gg.Lr (Table l). Mean chlorophyll-a
concentrations were < 0.1 mg L' at 6 of the i9
sites. Chlorophyll concentration was higher in sites
with no canopy cover than in the early-succes-
sional, deciduous sites (P < 0.01) and conifcrous
sites (P < 0.001). There was no significant differ-
ence between the coniferous and deciduous site.
The primary correlate with chlorophyll-a concen-
tntion was expected to be canopy closure, be-
causc greater closure decreases energy available
for photosynthesis. As expected. chlorophyll con
cantrutions were positively corelated with canopy
closure across the continuum of sites (P < 0.001;
Figure 2a).

We separated streams of order I and 2 fiom
the 3rd order streams, and we attempted to cone
late the chlorophyll concentration of the smaller
streams with canopy closure to separate the ef
fects of a natural increase in chlorophyll in larger
strcams. The correlation from this smaller group
uJ!  \ t ronger  {P  <  0 .001 :  F igure  2b) .

Chlorophyll concentrations were converted
from rng chlorophyll-a LL to ;rg chlorophyll-a.g
AFDM to facilitate comparisons with other stud-
ies. Chlorophyll values for all sites remained sig-
nificantly conelated with canopy closure (P< 0.05),
and the relationship strengthened when only Ist
and 2nd order headwater streams were included
(P < 0.05).

Carbon to nitrogen ratios (C:N) ranged fiom
7.55 to 25.58 (Table 1). C:N values were signifi
cantly greater at coniferous sites than at the al-
der-dominated deciduous sites (P < 0.01) or at
sites with no appreciable riparian cover (P < 0.05).
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TABLE l. l\,lean fipaian closure and mean seston paramctcr values for each site. (BA=Basal Arcat Chl-d=chlorophyll-d
C:N=Carbon 1o nilrogcn ratiol AFDI\'l=Ash iiee dry mass ofthe seston).

Si te CrnopyClo\urc BasalAre.r

t..n) (ln:/ha)

Chlorophyll .l
Densir,,- Corcentration

(ncms,/ha) (L!S/f)

Total Seston Organic Seston
Concentration Concentration

lCrN) ( inC/L) (AFDM;mg[-)

Brown di\tufbed
Bro$ n undisturbed
Camp
Chcstcr
DNR 1
DNR 2
Cold harvested

Gold old-growth
Hoh
LrPoel
LeBar dinurbcd
LeBar undistufbed
Nlatheny 1
I{athcn! 2

Simpson control
Simpson trearmcnl
Sol  Duc

19 .8
51.6
6 t.1

t-)
u
U

93 .6
' /  t . 9
90
t1  . 1
31 .6

62.1
9.8

61 . , 1
1',1.1
19.9

'73.1

57 .1
9 1 . 7
56.7
I  L u
0

t 0 t  5
59 .1

1 1 3 . 6
58 .3
66
38 .8
30 . I

t22.5
52.1
70.3

150.5

1180.6
928.3
158.7
85,1.2

2037
0
(l
o

1016.1

,166.7
565.7
:153.7

1001.?
,121
32t.2
111
3:12
.150.7

0 . 2 1 8
0.109
0 .136
o.31',7
0 . r70
0.5,19
0 .371
0 . r 7 9
0.028
0.089
0.0'16
0.201
0.1:1,1
0 .138
0. r05
0 .125
0.067
0.0.11
0.u39

t1.5',7
N/A
N/A
I3 .76
\2 .25
10.98
| . 11
19 .7 l
23.69
18.72
22.68
11.69
23.31
16.29
18 .29
7 .55
8 .81
N/A
25.58

2.62
3.01
,1.01
2.86
,1.04
1.12
3 .85
2 . t 4
2 . t  I
3 .80
t.59
2 . t 1
2 . t 1
0.6,1
7.86
6.58

l..l.l

4 .38

1 .10
l . l 3
1.52
1 .38
2.t)1
2.50
2.48
r . 3 3
| . 12
2.19
1 .59
1.25
1.,10
0..11
2.9E
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Figure 2. (A) The correlation between &c concentraiion of
chlorophyl l -d (mg Lr)  andcanopt,  c losure (%).  P
< 0.001. (B) The corclation betlveen lhe concen
tration ofchloroph)]l.r (mg L ) and canopy clo-
sure (%) for sites of lst and 2nd order only. P <
0 . 0 0 1 .
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Figure 3. Relalionship bellreen base lloq CiN ratio and
canopy closure fbr each sirc (P < 0.0LJl).

No significant difference was observed between
sites with deciduous coverand sites with no cover
Considering that ripadalr vegetation and canopy
closure exeft considerable control over the nutd-
ent content of pafiicles in streams, C:N ratios
were expected to be lower in deciduous or more
open canopies. C:N and canopy closure were.
ir fact, significantly correlated, although there
is substantial variance in the relationship (P
<0.05 ;  F igure  3) .

Canopy closure (7o)



Surprisingly. concentrations of individual par-
ticle types. regardless of size class. were largely
unrclated to riparian characteristics. For instance,
wood particle concentrations were not corelated
with riparian basal area. Wood pafiicle colrcen-
trations and propo(ions also were not different
across the three major riparian cover types. The
one relationship that did exist. and was expected,
was between diatom concentration and canopy
closure (P < 0.05). Also, as expectcd. rnean dia-
tom concentration for each site was positively
correlated with chlorophyll concentntion (P <
0 .0 r ) .

Diatoms were the dominant particle across all
riparian canopy cover types. mnging frotr-t ,+7 -
667r ofthe total number of seston pafiicles. even
at heavily shaded sites. However, diatoms had
greater representation in sites with no cover than
in sitcs with conif'erous cover (P < 0.05). Fur
thel fecal pellets had greater proportional repre-
sentation in coniferous sites than at sites with no
cover (P < 0.01). In both cases, deciduous sites
had proportions of these particle types between
the values expressed at the other sites. while not
being significantly different from either. No di1-
ferences were detected between proportions of
uood.  s i l t .  exoske le ton : .  o r  o lher  o rgrn ic  ma l le r
rs  a  lunc t ion  o f  rn1  r ipar ian  ch l rac le r i ' l i ( .

Diatoms,lecal pellets, and organic detritus were
important food categories, whereas exoskeletons,
wood, and silt were not high quality macro-
invertebrate food categories. Grouping particle
types into food and non-food categories revealed
that the total proportion of foodstuffs was close
to three-quarters of the total seston (range = 72-
77olc), and there was no significant dit'ference in
this propofiion betwecn conif'erous. deciduous,
and no cover sites.

Discussion

Riparian forest characteristics influence many
biophysical variables associated with seston. Ri-
parian tbrest cover type and percent canopy cover
modify the concentration of chlorophyll a, C:N
mtios, and the abundance of specific particles.
and panicle diversity. Even though many of our
results are consistent with previous studies, the
lack of any relationship between riparian biom
ass lrnd seston concentrations or percent organic
matter, the abundance of diatoms inheavily shaded

sites. and the paucity ofseston woodpiLrticles were
unexpected.

Seston concentrations reported here are low
(relative to other ecoregions) and consistcnt with
other regional rcsults. A negative colTelation ex
ists between partioulatg organic matter concen-
tmtions and stream gradient, but the dynamics of
base-flow seston concentmtions are driven by a
combination of stream power. in-strcam retentlon
devices. and other biological controls, including
the availability of material for transpon (Golladay
lqqT). We lbund no base-llo$ pattems in .e.ton
concentration (Tablc 1), underscoring the diver
sity of lbrces and processes controlling the con-
centration ofsuspended matter at base flow. Also,
ripadan characteristics have not been utilized in
studies successfully linking base-flow seston con-
centation to predictor vadables. ln-stream bio-
logical processes, rathcr than riparian character-
i : l i c . .  l i l e l )  in l luence ses lon  concenr rar ion .  r t
summer base-flow.

In contrast, the biophysical characteristics of
seston appear to be strongly influenced by ripar-
ian vegetation. For example, chlorophyll n was
negatively correlated with riparian canopy clo-
sure at summer base-flow (Figure 2). The corre-
lation strengthens appreciably when only 1st and
2nd order streams are examined, for which the
correlation coefficient improved almost 20% (Fig-
ure 3). Chlorophyll concentration is typically re
garded as an index of primary productivity in
streams. Higher concentrations generally indicate
a higher quality fbod source, which can translate
into faster growth rates for secondary consum-
eIS. such as salmonids (Bisson and Sedell 1984).
Chlorophyll concentrations in this study, expressed
either as pg Chl-a.L ' or mg Chl-a.g AFDM '. are
consistent wilh previou.l) repoflcd concenl rut ion\
(Naiman 1983, Naiman and Sedell 1979)

The C:N ratios ofseston were pafiially respon-
sive to riparian conditions (Table l). Higher ra-
tios (C:N >20) were associated with mature co
niferous stands, perhaps due to the higher relative
contdbution of carbon in littedall and lower pri-
mary productivity at coniferous sites. ln contrast,
the lower C:N in open canopy sites was due to a
combination of greater in-stream primary produc-
tivity and lower inputs of refractory allochthonous
lincr Funher. C:N rirrio. in open canop) silc. were
not significantly different liom ratios in the de-
ciduous sites likely because of the dominance of
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inputs tiom red alder (A/nas raDru). a nitrogen-
fixer. at the latter

The ecological implications ofa change in the
C:N mtio of seston are similar to the implications
associated with the concenffation of chlorophyll-
a. Chlorophyll-a and C:N are useful indices of
tbod quality, and the results suggest that disturbed
sites with open canopies typically yield a highcr
quality seston that may translate into more grcwth
in some stream organisms (Cregory et al. 1987,
Hartman and Scrjvener 1990).

Particle diversity yielded some surprising re-
sults, especially the perccntage of wood and dia-
toms in the seston. By proportion. wood repre
sented a small fraction of the seston and did not
vary between riparian canopy cover types (Table
l). which may be due to the inabil ity of streams
to hold woody particles in suspension at summer
base-flow or indirectly to the actiyities of macro-
invertebrates. A significant proportion ofthe sus-
pended matter is caused by macroinvertebrate
teeding activit ies (Webster 1983, and Wallace et
at. 1991). It could be argued that at summer base-
flow, wood represents a poor source of food, is
largely ignored by feeding organisms, thus, few
wood panicles are suspended.

Another unexpected result is that diatoms con-
stituted the largest percentage of particles at all
sites, even those with dense canopy cover While
significantly higher percentages of diatoms in sites
lacking cover certainly supports a trophic shift, it
should be noted that a high representation ofdia-
toms at all sites supports the asseftion of Naiman
rnd Sedc l l  r  lqTg)  rha l  . ign i f i canr  p r imr r ;  p ro-
duction occurs under the riparian canopies of even
the mostdensely forcsted headwater steams . Our
results suggest that they may be more abundant
than previous studies have shown them to be.

Seston integrates multiple watershed-scale
properties and processes, not merely ripanan con-
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