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P S EalCIl Iam-stem community in

= -u-:;;: - m r?-.ff:fa.‘a sites. The number of taxa found in
€ headwater stream but not in the main-stem reach
ranged t:::“ i3 10 34 in rural sites and from 1 to 4 in
HEDRn sites t1able 3). The unique headwater taxa in
oAl headwater streams belonged to 8 orders includ-
g many Ephemeroptera, Plecoptera, and Inichoptera
f.a;x.aw (Iable 3). The unigue headwater taxa in urban
cactwater streams belonged only to Odonata and
Diptera. Four of the 6 unique urban headwater taxa,
mcuding Ischnura (Odonata ‘Coenagrionidae), Calo-
preryx mscudata (Odonata:Calopterygidae), Aedes (Dip-
tera:Culicidae), and Odontomyia (Diptera:
Stratiomyidae), were not part of any rural headwater

2

KDA

Stream/reach type explained 24.3% of the total
variance of insect taxonomic composition in the RDA
that included samples from all 4 stream/reach types
(Fig. 5). Season explained only 6.4% of the total
variance. The 1% axis explained 89.5% of the total
residual variance explained by stream/reach type, and
the 2™ axis explained 13.6% of the total residual
variance explained by stream/reach type (total of
94.2% of the vaniance explained by stream/reach
type). The communities in rural headwater streams
were separated from communities in the other 3
stream/reach types along the 1* axis. Urban headwa-
ter and main-stem and rural main-stem communities
were separated along the 2" axis, The absence of
taxon vectors in the direction of the urban headwater

reaches ocaurred because insect densities were very
low in urban headwater reaches. The Monte Carlo
permutation test for the analysis using all 4 stream/
reach types detected a significant effect of stream/
reach type on insect community composition (F = 3.50,
p = 0.001). The Monte Carlo permutation tests for the
pairwise RDAs also found a significant effect of
stream/reach type when rural headwater and rural
H‘lﬂiﬂ'@wm mmmumtws (P = 410, p e 0-003) .aNd rural
headwater and urban headwater communities (F =
470, p = 0.002) were compared. No effect of strelamgi
reach type was found when urban headwateg o
urban main-stem communities (F = 1,52, p = Uil I)ﬁaﬁnes
rural main-stem and urban main-stem communiti

- (F = 155, p=0,14) were compared

 Longitudinal patterns in headwater sireams
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A rwatar stvesms (land use X reach position

tVolume 27

0.871 p=0.04
0.6

O 04

0.2

1S S -

Rural Urban

Site type

0.0

Fic. 4. Mean (1 SE) proportions of headwater taxa
shared with the main-stem community (C,) sampled for
urban vs rural sites.

upstream (Tukey-Kramer adjustment, » = 0.009 and
p = 0.01, respectively) and midstream (Tukey-Kramer
adjustment, p = 0.03 and p = 0.05, respectively) urban
reaches, and S was greater at midstream rural reaches
than at upstream (Tukey-Kramer adjustment, p = 0.02)
urban reaches (Fig. 6A). S was lower at upstream
urban reaches than at downstream urban reaches
(Tukey-Kramer adjustment, p = 0.007). S did not differ
among reaches within rural sites (Fig. 6A).

Landuse type affected longitudinal patterns of C;
along headwater streams (F; 3,1 = 3.63, p = 0.038; Fig.
6B), but did not affect longitudinal patterns of C,
(F2,854 = 1.61, p=10.25). C; was greater for downstream
reaches than for midstream (Tukey-Kramer adjust-
ment, p = 0.04) and upstream (Tukey-Kramer adjust-
ment, p = (0.0002) reaches in urban sites (Fig. 6B). C, did
not differ among reaches within rural sites. Cp,y values
were extremely variable,

Discussion

Patterns of taxonomic diversity and similarity

As expected from previous studies (Paul and Meyer
2001, Walsh et al. 2001, Moore and Palmer 2005), insect
communities were less diverse in urban than in rural
headwater streams (Fig. 2). In our study, % predators
was significantly lower in urban than in rural
headwater streams, a result that also indicated
negative effects of human activities on the urban
headwater streams (Kerans and Karr 1994), Semi-
voltine insect predators often are absent from streams
draining urbanized watersheds (DeWalt et al. 2005).
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stream/reach types (urban and rural headwater and urban and

rural main ‘ resen tream/ types resen troids (triangles). The distance
1] main stem). Taxa are ted by vectors, and s /reach types are rep ted as centroids (triangles)
between oexsitmu)is represenl:pthe difference in the community composition of the stream/reach types. The length of the vector

ts the amount of variance in community composition expl

ained by that taxon. Only the longest vectors in each quadrant

ify presentatio The 1* axis explained 89.5% of the total residual variance explained by stream/ r@a.ch type
lahifnyed 13.6% ofnti\e total mdt;e:lp variance explained by stream/reach type (total of 94.2% of the variance).

That is, the low-diversity communities in urban
headwater streams consisted mostly of taxa found in
ive main-stem reaches.

The RDA also indicated greater similarity between
headwater and main-stem communities in rural sites
sites (Fig. 5). Stream/reach type signifi-
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Ant : : .
2 gMMaranMUWﬁ»mnm.ﬁmcrmmm.v (Fig. 5). In contrast,
= ch type did not influence taxonomic com-
WMW..- n.v: .mum insect nﬁgcammm at urban sites (pairwise
As; Fig. 5). This result suggests that taxonomic
nouzuOm:wnwz of urban headwater and main-stem reach
.noggﬂmm was similar. Moreover, urban and rural
gu.‘mwmg communities had similar taxonomic com-
ﬁwﬁmo? whereas urban and rural headwater commu-
nities differed (Fig. 5). Thus, the relevant taxonomic

changes must have occurred in the urban headwater
communities.

Potential causes

 Habitat degradation.—Riparian deforestation result-
ing from watershed urbanization can alter the taxo-
nomic composition of stream communities (Sweeney
1993, Wallace et al. 1997). In deforested streams, the
trophic structure of the headwater community may
change from the shredder-based community expected
in small forested streams to one based on functional
 feeding groups expected In higher-order streams
(Sweeney 1993, Delong and Brusven 1998, Meyer
and Wallace 2001). This shift in trophic structure could

nonﬁ:cagm However, the extensive riparian defor-
‘estation that would cause this type of change in
trophic structure did not occur in our urban headwater

~ watersheds (Table 2), and the only functional feeding

group that differed between rural and urban headwa-

 ter streams was ‘predators. Thus, it is unlikely that

-

Jeforestation was the cause of the shift in taxonomic

~ composition of urban hea water communities.

" Poor water or habitat quality probably contributed
s thie Jogs of n lique headwater taxa in Ewmsﬁm

EA TSRS v o ARG Cawm:
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(Trichoptera:Glossosomatidae), Dolophilodes, Oulimnius
latiusculus (Coleoptera:Elmidae), and Ancyronyx (Co-
leoptera:Elmidae), did persist In urban headwater
streams. Thus, urban headwater communities were
not solely a subset of the most-tolerant taxa found in
rural headwaters. Moreover, our measures of water
and habitat quality were not markedly different
between urban and rural headwater streams. Conduc-
tivity and pH were not statistically different between
the urban and rural headwater streams. Gilt was
sometimes the dominant substrate type at individual
transects in some urban headwater streams, but the

substrate was primarily cobble in these streams. A
more-open canopy could have caused some sensitive
taxa to be eliminated from urban headwater streams

(Sweeney 1993). Riparian canopy cOver was lower in
urban than in rural sites, but the difference was not

enough to affect trophic structure and probably not
enough to affect overall taxonomic composition. Thus,
water and habitat quality were probably not the sole
causes of the shift in taxonomic composition in urban

headwater streams.
Effects of land use.—An effort was made to select
rural and urban sites with similar amounts of

urbanization in the watersheds of the main-stem
reaches. However, the occurrence of urbanization in
a headwater watershed usually was associated with
urbanization in the main-stem watershed. As a result,
main-stem watersheds in urban sites generally were
more urbanized than main-stem watersheds in rural
sites (Table 1). Thus, in urban sites, urbanization might
have affected headwater streams and main-stem
reaches similarly. Also, urban main-stem watersheds
were generally smaller than rural ma in-stem water-
<heds and thus potentially more similar to the
headwater streams. As a result, urban headwater
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