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. it AReR rouping individual tax, ;-
ical processes depend on the scale at which ;:scfm Cooper ¢t 4l ;199?{ ?znftionilly related taxa, meyy
ot B et (Coope; s atlu.,dl’gz&a.tStt;eeaI;ﬁcroscale, Phylogenilgaaszemblages from different sites (Kary ,,
vertebrates, traditionally studi€ can comp

4 \

different scales. Our study exam-
riability in a sequence of spatial

articularly challenging to descrl ¢ a1 1989; Resh & McElravy, 1993,
are p 4 1€ ct

scale (Resh, 1979; Peckarsky, Cooper & M
1997: Richards et al., 1997; Wiley,

ined assemblage V@

a -

our design we included

comprises the scale over which important physical/ ural;e 4 samples
chemical gradients or biotic interactions confrol Pf - Sividual streams asd.
assemblage composition. For example, physical  ©

processes such as discharge and temperature strongly .
affect distribution patterns reflected in :iﬁ};irlilme; s Vallay B oregions Of wﬂeis,tenrcxl Ui?;eng;rl

treams ents (lownsend, Ire s e re

Zet;?:a:tri;;s' (;3 C;Tlg%;(r Wiley et al., 1997). Omern.ik & i 119:2;:; S;:E:Jmfl):lative taxon rich-
Biotic interactions including predation, competition, for replication an.d to g RS e ctodies
disease (McAuliffe, 1984; Kohler & Wiley, 1997;  ness, our sampling € i e ‘G Tetrits to distin-
Cooper et al., 1997) and life history phenomena, par-  have poaet e o0 e?'l tcfy measure any response
ticularly dispersal, can create strong localized effects  guish betwee.n Stl:am: a(:\nu tier, Hughes & Larsen,
(Downes & Keough, 1998). Our dilemma is to identify ';c; 81;?1]131:; Otstfa:f‘;ggz; Kerans & Karr, 1992; Fore,

appropriate invertebrate descriptors that respond to & Conquest, 1994); our stu dy considered the

ironm chang; a broad spatial range  Karr .
2::;‘ Noel'::ll995) o : ; spatial variability of assemblage metrics at several

Geophysical, chemical and anthropogenic pro-  Sp atial scales.
cesses constrain stream systems in a hierarchical fash-
ion (Frissell et al., 1986; Hildrew & Giller, 1994).  Methods .
responses can be examined in a similarly N e

The study was conducted over two western Oregon
ecoregions (Omernik & Gallant, 1986): the Willamette
Valley and the Cascade Mountains (Fig. 1). In the
Willamette Valley, agriculture and urbanization have
influenced low gradient, fine substratum streams for
over a century, while logging and human settlement
have altered the higher gradient, coarse-bedded Cas-
cade streams over a similar period.

A set of 100 candidate stream segments in each
ecoregion was randomly selected from 1:100000 scale
USGS topographic maps following the protocol of the
~ pling was restricted to wadeable streams between 44
~and 45°N, approximately between the cities of Salem

and Eugene, OR (Table 1). Fourteen stream segments
|  were selected from the candidate list in a 2 x 2 facto-
| rial design with ecoregion and stream size being the

-

_ two factors. Stream size classes were defined as smal]
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Table 2 Physicochemical characteristics of Small valley stream,

| ams ——.
! - Small cascade sire |
Characteristic Large cascade streams ST < 848
42 o 0.6 + 0.4
Basin area {(km*) 33+29 i 0.1+0.1 3
| | g7+ 38 36+ 1.
Channel gradient (%) 294+ 1.1 tor iR p 57 £ 14 61 + 24
Wetted width (m) 7.1 %31 2.3 0. 52 + 36 e
“ Substratum sand and 142 312 19
finer 27 + 17 221
“ Riparian canopy presence 60+ 12 47 1+ 23 68 : 15 58 1 8
Conductivity (1S om %) 43 + 14 36 + 19 I 0.3 70+0.2
PH S 74 +0.1 72+03 7920,
Fach transect represented one habitat type (fast or

ions on each stream segment. Two additional sites

(Lookout and Mack Creeks) in the H. J. Andrews

Experimental Forest, that is part of the Cascade

Mountains Long-term Ecological Research (LTER)
site, were also included for comparison with long-
term data. Including these two extra LTER streams
in the Cascade ecoregion, we included nine Cascade
and seven Valley streams, representing a wide vari-
ety of stream conditions (Table 2). Study sites
ranged from meandering floodplain streams and
agricultural ditches to montane cascades and glacial-
fed headwaters. Riparian vegetation included old-
growth conifers, deciduous hardwoods, herbaceous
grasslands and agricultural stubble (see Herlihy et
al,, 1997, for details).

Streams in the “‘small” stream size class averaged 4
(Cascade) and 8 (Valley) km? in basin area and mea-
sured 2 and 4 m in mean wetted widths, in contrast
to areas of 33 and 88 km* and wetted widths of 7
and 6 m for the ‘large’ streams in the same ecore-
gions (Table 2). Streams in the Cascades were
steeper (gradients from 1 to 16%) and had coarser
substrata ( < 5% sand or finer) than streams in the
Willamette Valley (gradients < 1%, >50% substra-
tum sand or finer). Valley streams tended to have
higher conductivity, but stream pH was similar (al-

most all just over 7).

Pidd and laboratory sampling

Collecnons were made in late September 1992. The
goal was to include at least seven transects of fast

- water (riftle, rapid or wcade) and seven slow water

(pool or glide) habitats. From the random start

nt on each stream, 14 study transects (cross-sec-
ns) were marked off upstream at 10-m intervals
nall meams, 25-m intervals in large streams.

er), and that transect was divided into

three equal sections (left, centre and right). One
Surber sample (0.093 m?) was collected from each
section. In the Cascades, when there were not equal
numbers of fast and slow water habitats encoun-
tered after 14 transects, the crew continued up-
stream, sampling in only the under-represented
habitat until seven transects were sampled. In some
Valley streams, fast water was absent or rare so no
attempt was made to get additional fast water sam-
ples there. No samples were collected beyond twice
the original 14 transect sample length, that is no
more than 260 m in small streams and 650 m In
large streams. In the final analysis, the number of
transects per stream varied from 14 to 20. In the
field, each Surber sample was filtered through a
500-um soil sieve, placed in plastic bags (whirlpaks)
and preserved in 70% ethanol.

Initially all three samples from each transect were
counted in the laboratory; this protocol was fol-
lowed for three Valley and three Cascade streams
(Table 1). After we determined that there were rela-
tively small differences between samples in the
same transects (i.e. left, centre or right), we counted
only one sample per transect for the remaining four
Valley and six Cascade streams. The left, centre or
right sample was picked at random for the first
transect, then samples alternated in a left, centre,
right order and potentially at different scales over
the remaining transects. In 378 of the 449 Surber
sample-units, the entire sample was counted. In the
remainder, organisms were extremely abundant or
organic debris made counting very difficult, so the

slow wat

~original sample was subsampled using a 0.5-m?
gridded sieve (Caton, 1991). In these cases at least

100 individuals per sample were couneed i
@ 2001 Bhekweil Sciemc Ltd,thm Biology, 46, 87~ '
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cumulative taxon richness with accumulating sample
size. The percent dominance was determined as the
number of individuals in the most abundant taxon
rate groups (e.g. Annelida and  compared to the total number of organisms in the
: identified to order. Unusual taxa  sample. Similarly, EPT percentage was calculated as
experts, and representatives of all  the percentage of all individuals that were
at our laboratory at Oregon  Ephemeroptera, Plecoptera and Trichoptera. Shannon
°t groups were identified to  diversity was calculated using proportion of individ-
ts, largely because of  uals per taxon (Magurran, 1988). Alpha diversity was
‘Wwere important com-  computed iteratively (Magurran, 1988).
e M many shreams and An analysis of variance (ANOVA) model was used
TS DERRED saeans N subee to decompose the different sources of spatial varia-
N s i S o it tion, ranging from fine scale (within transects) to
. T Y e was tamn coarse (between ecoregions; Table 3). The data were
0 T pyed alunited number of | that  fitted to a mixed linear model using the Gene

A Y

o D= @Spects Of assemblage structure  Linear Model procedures of SAS (SAS Institute, 1988).
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Distribution of variance across scales

Within Stream Scale, 5) Habitat type within stream, 6)
Among transects within habitat type, 7) Among loca-
tions within habitat type, 8) Residual.

The residual term depicted sample to sample vari-
ability within a stream reach not accounted for by
spatial factors defined in our model. Variance Compo-
nents were calculated using the Type I1I expected mean
square error and the model coefficients from the SAS

GLM procedure. To insure that residuals had homoge-
neous variance, several of the variables were trans-
formed; square root for taxon richness, log,, for percent
dominance and total density, and an empirical logit for
EPT percentage (McCullough & Nelder, 1989). Techni-
cally, fixed factors have non-centrality parameters, not
variance components. We estimated a function of the
non-centrality parameter for fixed factors that was
analogous to a variance component and used it in

standard errors

: SSE) fo
‘ lating a sum square errc?r ( r
mined by Caslcvlj,immgeach stream, summing the SSE

s5 all streams, then dividing the total SSE by total
;Zrorees of freedom: SDpool = [Total SSE/(n — 1)]°5,
whgere.n wvas the number of samples within each stream

summed over all streams.

mean. Pooled

metric value

Results

For all metrics, there was a strong landscape (ecoregion
and/or stream) signal. Total taxon richness ranged
frorﬁ 48 to 78 in the Cascade ecoregion, versus 23-52
taxa in the Willamette Valley ecoregion (Iable 1).

Shannon diversity was typically higher, and percent
EPT much higher in the Cascade streams. Mean per-
cent dominance was usually higher in the Willamette

streams (four out of seven streams > 40%) than in the
Cascades (all < 31%). Mean macroinvertebrate density
in the study streams was highly variable, from 351 to
4894 individuals m~? , and did not indicate a strong
contrast between ecoregions.

Ecoregion and stream scales accounted for 42-71%
of total variance in study metrics (Fig. 2). More than
50% of the variance was due to differences between

tween streams or ecoregions. The reSidual term coh '
tributed the most va‘riance, Comprising 60....700/ ; |
within-stream variation, and a Iarge portion (20....4;39? i
of total variation. ' S S T
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