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Abstract

struclure ni t'ad.le. Cr! k. a second order sfean ir l].llingham. trashnigror. to looh lirr palrerns in the rna.b;n(ifr( lrlle conr
mun j t rs l ruc lu feheh{ l j . l l u |s lk ] !n randdonFl reans i r l s 'Par ldo lCreekras ;an4 l le r la t1 i l r rs i res l
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sire (-site l ). ( sp.( ia lr pollutioD intolerrnL d,!vllics. sroneflies. aDd .addislli.5. Al Sile 2. where the surmurding ibrest had beer
clearctl. thcrc ras a decrease ir th. ,1.,,s rl ,)l shredders. predator". anrl rr,ll:cror fi]terers. and an irr rr:usr in soapers. ,{t -qir:s
3 and 1. rvh,( the strealn i: affected |v orgunir pollution. there {er. li.qi frpresentatires ironr lrrllrrtirn irtoleranr orders
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sites. srygestiDg tliat su,h ripa an rlteratioDs ii!it!t( si,rilor urbaDizatioD eflecrs ol Lighr}o er rirers.

Introduction

Dense r\rarian \egelal ion inf luences t lre trophic
slructure of head\ratcr strearn-. b,r' shading (r'hich
decrease-s aukrtrophic production) and bv providing
a largc input of allochthonous dctitus in the lbrrn
ol coerse pafl iculate organic matter (CPO\' l) .  This
loading. in turn. is rcf lccted in the functional
i ' . J i l g  Fn  o ' r p . " rn l ' " - i t i , , r ' , , 1  L ,  n  l r i ,  n r . r c r  o i r ' \ q1c -
brates. Hcad$'ater sections of stfcams are trpicallv
pL ,p ' r l r ' ' ' l  L r  . r  l . r r ge  p r , 1 ' o r r i , , r r  , , t  m i r ,  r o i n \p r l c -
h ra t ' . L | r J , l ,  r . .  \ h i . l ,  - h i l r -  r ' ,  l r i phe r  f r u l , o r r i on -
of scrapers in midrcaches and col lectors in lot 'er
reaches of rer ststens (Vannote ei al.  19f30.
Hawkins and Sedell  19Ut). Other factors besides
o 'gan i c  ma t t - r  11 .u . r l [ pc l  t l r p .o rn rn , rn i l \  . r f r l ,  t u r c
of benthir:  macr-oinvcr-tcbrates. i lc lrding changcs
in t 'ater qual i l r .  land usc alterat ions. and chungcs
in substrate characlcrist ics (Hnlkes 1979,
Nogbold ct al.  191J0. Si l l iams 1980. X' lol les
l9{t2. Kondmtieff et ol.  I98t\.  \ ' l inshdl 198.1).

Padden Creek is a small ,  second-older str-eam
that is tvpical of manr urban streams in that por-
Lions oi its rr'atershed have bccn irnpacted bl chan-
n - l i z . r t i o r r .  de fo re . t a t i ' , n .  r n , l  non -p^ in t  - o r r r ,  -

pol lut ion. Our objectives were to cl.aluate the
e f f - ,  t -  o i  '  h : r nge .  i n  sa te r  , l r r u l i t r  .  r i pJ r i r n  i  nn , -
munitv structure, and sedirncnt sizc on the macro-
inverLebfatc taxonomic structure and functional
group composit ion in Padden Creek. In doing so.
rr.c hoped to illusLraLe sonc of the ilfluences of
Llrban dcvclopment on strearn biota.

Study Sites

Padden Creek begins as a lakc outlet and ilows
4.72 km from Lake Padden (elcr.t t ion 136 m) to
the mar;ne latcrs oi Bel l ingham Bar' .  Ihe tater-
shcd, t 'hich occrrpies a total area oi l5. l l  km'].  in-
t lucles Conneily ( ireek. the onl l  tr i lntary. and Lwo
small  inlets of Lake Padden (Figurc 1).

S'e studicd four site-" in Pacldcn Creek. r 'hich
are describcd in Table 1. Site I  tas,(ulroLurded
bv den-se. second-grorrth forest, and had a rockl.
J i r e r ' - e  - r r b - t r : r t . .  S i t -  2  l r . r J  r  com l ,a ra r i r ' 1 ,  , , p , : n
canopv due to urbanizati{)n ancl a homogeneous
substrate due to channclization ol the sLream. Con-
nellr Creek enters betr,;ccn Sites 2 and 3. and l,as
the major source of nl l tr ient pol lut ion inLo the
crcek. Site .3 rvas in a palk {}'airhar,en Park). *hich
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FigLrn' l t'arll n Crcrk samphrg sites and wateshed de*ription.

TABLE t .  Deso4rf t rs r , f  PN(l , l ( , ,  Crcrk surnpLins s i res.

\\\Iatershed Bou darJ

Conn€lly Creek

Sire 2

Site 1

Si te  I -qite 2 Site 3

r i u l f  r . n r  ( 1 ) f  ( . n l f  d l L o n s

6l rirknl

fast flovng

prrk- l ik l

pebble*url

slow-llowi,,g

\ \as foreslcd and hacl a di lerse substrate. bul hitd
poor $alcr qual i t .r .  Site 4 $'as bcaLed near the
morrlh o[ Par]rlcn Clcck in a fresllr':rter \retland.
and was chalacterized l)v poor Natcr qualitv, high
turbiditr .  and a { inc-glained substrate.

Methods

Four sites lere sarnplecl along the strcam. as shot'n
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in Figure 1. The riparian legeLalion lras sampled
on  14  \ 1 ' r i J  a r rd  I  I  { u9 r , . t .  l qBB .  { l l  t r " " . l ' e , . i " -
and comrnon Lrnderslon'species in the r iparian
zone rrere identified. and thc dominant tree species
were detelnrined lrr canopr cover. Stream sedi-
menL sarrplcs n'ere col lected on I0 August from
a929 cm' (1 f t '?) area to a dcpth of about 7.5 cm.
The secl imenL sarnplcs t 'ere oven dl ied. sieved,



and weighed to determine sediment size lractions
(Minshalt 1984). s'ater samples ncrc collectecl
approximatel-v monthl_-r betrveen 14 \{av and 1 Oc-
tober, I9BB at each Padden Creek site and frrrrn
Connelly Creek where it joins Padden Crcck. Water
temperalure $as measurcd in the field. Laboratorl
a n a l r - e .  t p H .  a l k a l i r r i r r . , , , n r l u ' t i r i r r .  r r r r t r i t l i t r .
ammonia, nitritc/nitrnte, soluble reactive phos-
phate, and total phosphorus) rtcrc done br the ln-
stitute for Watcnhed Studies (S'estern S,'a-shinglon
University) using standard EPA plotocols (EPA
1983 ) .

Benlhic macr-oinvertcbratc samples lere col-
lected monthly bett'een 14 l{av and l October
using a Surber samplcr (1 mrn mesh size). Ten rep-
licates t'ere collected at each sile on each date.
The macr-oinvertebrdtcs \{ere preseried (in the
field) in 100/o fonnalin. sorted. and identified to
l he  l o \e - l  p ra . l i cd l  l a \ , ' r o rn i ,  | | n i l .  RFp r r sFn t r t i \ r
tara were presen'ed in 7070 cthanol. Nlacrornverte-
brate densities t'ere calculated for each tana as the
average numbcr of individuals per square meter
(n = l0 per site and taral. In addition to the quan-
l i tat ive samples" inscct emergence wns noted. and
log deblis and larger rocks $ere sampled quali-
tat ively. The quali tat ive data were not used in
the calculations of macroinvertebratc dcnsities. but
*'cre added to the taxonomic list.

Results and Discussion

Riparian Community, Stream Substrate,
and Water Qual ty

Site I is dominaled br dense. sccond-gr-orrth. con-
iferous forest aboul 90-100,lcars in age. ' l 'he most
common tree species inclLrde westcrn hcrnlock
(Tsuga heterophllla), red alder' \ahuLs ruhra1,
$,estern red cedar \Tlujo,Dlirura). and biglcaf
fiaplc \Acer nlocroph)'1ftrn). The underston con-
tains manl' h1'droph_rte-q such as deril's crlub iOplo-
panat horridtLrn) and skunk cabbagc (l_rricAiiarn
ameicatunt) that indicatc \ratel saturation ol the
soi ls near the cr 'eek. OLher common undcrstor ' \
species includc vine maple \Arcr . :LtrtnaltLntl ,
salmonberrv (Rabrru spe*obilis). and sr,rord fem
tPo l s i t ,  hun  n t t t n i t u t t .  T l r e  r i l ' e r i a r r  ,  , , r n rn r rn i t r
at Site 2 is distulbed. ancl consisls p nraril.|' of
r-olrng alders and wil lovs (So1ir spp.) on one or
lioLh sichs of thc creek. as r,".ell as blackbelries
(Ra6zs spp.) and feed canar\ grass (Pholans
drundinaceo\. The forest at Site 3 in Faifha\en
Park has a much rrore opcn cdnopv and under-

sLon than Sitc I Thc dominant tree species at Site
3 are bigieal maple and lecl alcler. Shrubs domi'
nale the undefsLon, cspccialh' sno$'berr1 (.S,rrrr-
phoictLtpus al6us). ocean spral (llolodlscas dr.r-
color), and Indian plrm (Osnatonia cerasifonnisl,
indicating drier condit ions thdn at Site l .  In the
r\,et land area at Site,1. u' i l lons and alders lorm a
densr canopl that ovcr-shado\\,s much ofthe creek.
Palts of the u'eLland are characlcrizcd bv cmergent
aqualic spccics such as canaiJ lTgha kLtiJitLitt) ancl
lrrrllrush {Scipus siLt tttir:us).

Thc graclient of a stream is one of the najor
ii:rctors controlling stream velocih and sedimcnt
size (Richalds l9B2). As the stream gradient de-
creaces downslrearn, the mean scdimcnt size usual-
l,-v dccreases. Accordinglv. the palticle size in Lhe
rifiles oi Padderr Crcek shiftcd from a mixture oi
cobblcs ancl pcbbles upstleam to rnostly srnaller
pebh le .  do r ' n " t r ea rn  tF igu re  2 r .  q t  t h . . am.  t im ,  .
the t'eight of the fine sedirnenL fraction (granule
lo sand) increased dorrnstream. The onlv major ex-
ception to this Nas al Site 2. At this site thc stream
is channelized. l,".hich creates a more onil-orm
stream lelociL!. parlicularh lrhcn \.ielred horizon-
Lal l !  across thc stream channel. As a resuh. the
sedirnent structure at Site 2 is relat ivel!  uniform.

Bccausc l'adden Creek lras at leasi parll,-
shaded at all sampling sjles. strearn ternperalurcs
$ere consistcnth low. 

'l'he 
highest temperature in

Padden  Creek  (15 . { : } 'C )  l as  mcasu rcd
dorvnstlcarn fi-om the inilot'of Connellv Creek on
24 August. ( ionnell l  ( i leek las noL shadcd al thc
sampling siLe arrcl had noticcabh' higher tater
lempcraturcs than Padden Creek (Table 2). Sirni-
lal lr .  the values fbr pH. al lal iniLv and condLrct ivi-
tv in Connclll Crrck were rnuch higher than al Sites
I and 2 in Padden Cleek. The inf lucncc of Con-
nel lr  Crcck carl  be seen at Site-s i l  and ,tr .  lhere
the pH. alkal initr .  and conductivi t l  r .alucs are in
lenned;aLe bcl lrcc'n thosc ibr ConnelLr ( leek and
lhe upstrcam ,.ite,. of }'adden (lreel.

An monia conccnlrdt ions wele about the sanle
at Site 3 as at SiLes I ancl 2. and onh slightll
elevatcd at Sitc, l .  cven though anmonia inpuLs
l iom Conrrel lr  Cleek lelr high. Arnrnonia is usual-
1v trunsformecl rapidlr in streams to riLrate (llvncs

I974). suggesting that lhe ele\aLed nitr i tc/nitrate
concenLraLions aL Sites 3 anrl  .1 rr.ere probabll
r ,aLrsed l I .both alnrnonia and nitr i te/Dihate inpuLs
from Connell , t  Creek. Soluble reactivr phosphoms
ronccnlrat ions $cre higher at -{ i te-" 3 and,X: hol-
ever. total phosphorus conccnlrdt ions rrele Dot.
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Key
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( ; r i  n u le

Verl Coarse Sc d

Corrsc Sr d

l inc S(dimert

l ' i g r r r .2 .  Par lden Cr (k  s r r l in rn t  s i rc  d in r ib ! l ion  (b1  p . ( (n l  o l  to la l  N . igh i ) .  l0  Ausus t .  1988.

TABLE 2. trater qualiti data from Padder Geek ald CoDDelh Creek.'

Site 3 Site 4

t ' udr I  n  Cr r r ' l - I ) t ta  Rungcs  {Ar . r l s f l

.!ite I Site 2 ' 'q i t .  3 Sne I
0rnne lh

Crcck

pH

Alkal i r r i t i
{d ig Cla0rr l - r

( i , r r I r ' t i r i t r

' l  u . l ,  i r \
(NTl  sr

t { g  \ r l  )

\nritel\ibaie
lpg \ i l , )

So1. Phospliate
( { g  P r l . )

L  t . 5  l , l . . l

; . ,1:J 7. ;0
t ; . ; ; )

2,1. .8- l l l . l
t 2 B . ; r

9 6 - 1 0 9
{ l 0 l . r

i l .  t  -6.3
1 1 . 8 |

< 2-:t;1. i
i l 0 . 0 l

l O i l . ; , t 1 2 . 6
t2i l0. , l l

; .0 1.1. .1

l i ) . ; ; 3 . 1
r28.0)

1 2 . 0  l , l . ;

t ' .4 i  7 .59
l ; . 5 3 )

2 5 . t  - 3 6 . 1

{ 3 2 . 2 1

9 7 - t  I 3
( l 0 B )

2.8- i . t l
( 1 . 1 )

< 2 . . 1 9 . 1
r iJ . ;  I

I01.6 iJ1l2. I
1 2 6 ; . 3 )

6 . 1  t : l . 6
r 1 0 . 9 1

1 9 . 3  5 5 . 2
( 3 9 . 8  |

12 .0  l ; . 0

;.70 7.8,1
(7 . ; 9 )
,1.5.0-63.3
{;5.31
I  l t l -  t ; 5
n 6 t l
2.;-: [ .8
l 3 .B )

< 2-23.3

20:1.9 706.!)
r 393 .8 )

13 .2  29 .5
\22.61
2 ; . ; . 10 .1
1 3 1 . 1 I

l l . 5  1 . 1 . 0

,- .76 i .91
(7.86)

39.1-64r.,1
(56 . r  )
136'  |  8.1
( 1 6 7 )

3 . 1 - 1 . 1
{3.9)

< 2 2i1.9
t l  ? . { )

196.6 7:)9.9
r392.01

1 1 . 3 - 2 8 . 7
( 2 2 . 1 1

2 3 . ; 3 6 . 7
i 3 3 . 6  |

1, t .0 18. ;

i .B5,B_53
rB . l0 )
79.9 133. :1
i , )9.8)

2 1 8  3 ; 3
(263)

2 . i J ; . {
( , r .0)

l 2 . t ; 5 6 . 5
(252.3\

2 1 6 . B - ; 7 t . t
t .1 l7. ,1)

22.;.45.i
l :12.9)

,12. ,1 ;0.1
(52.8)

'The Padder Creek -.amplei lere collected fron 1,1 llar I Octoher. 1988 ln = 5)t Conrelh Creek soqrles r.ft..oll..r.,l lior,
2 l  June I  October.  1988 in = .11.
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The exact sources of pollution to ConncllJ

Creek have not been identi f ied. bnt thc! are nrosL
likel,v the rcsult of nonpoillL source agricultural and
residential runoiT. Thc pcriodieallr high arnmrnfa
conccntraLiors suggest aglicultural mnol'f or' faul-
t-y septic tanks. Along (ionnell-r'Creek. thclr: art:
septic tanks as rrel l  t ls an intcnsiveh used agri-
cultural ar-ca there rnanure i-q spread on thc ficlds.

Benthic {\lacroinvertebrate Populations

We collcctcd a total ol Tl taxa iiorn Padden Crcck
(the Paddcn Cr-cck lara l ist is arai lable upon le-
quesl from the authors). of thich 2l tara lere
defincd as'-cornrron" (representing at least l lo of
the toLal densitv at l lnv sitei.  Bccausc dorrnsLream
dri l i  can affcct;nlcfpfctaLions ol tara cl i-str ibution
data. especial l l  lor rare tarr (\ \rrtrrs 1972). rnost
of our discrrssion is re-ct l icted to the cornlnon taxa.
Uncommon t l lxd thdl afc cspeoia]I,_ sensltrve to
changcs in the en\, ironrnent ol thosc rt i th special
habitat dcrnancls afe also discus-sed.

I ' lanv narl l ies. stonel l ies. and caclcl isf l ics
prel ir led Sites I and 2. Thcsc Lhree groul)s t(r-
g n t h ,  r  r n ; , 1 '  ' . 1 ,  r , 2 - r , i  l - r ' r e r r t , ' l  t l r "  r n . r ,  r u i n r ,  -

tebrate dcnsit ics at Lhe ul)streaIn sites. but onLr:[0
percent at -qite 3 and 26 pcrcerrL aL -(ite 4. \Iavflies.
storref l ies. and caddisl l ies are gcncr-al lr  inLoler-ant
of pollution, especialh the heptageniitl rnarflics.rncl
rnosl stonel l ies. I ' laDl othcr strcam sludies ha\e
r "po r t , , 1  -  m iL r  L ' r l l r " r : .  i . - . .  , l e r r -  r - e -  i r r  n  r r -
f l ies. sLonefl ies. and caddi-. f l ies in pol lulccl secr-
t i ons  (e .g .  H rncs  1970a .  l 970b :  Ha r rLe -s  1979 :
\ l  iederholm l9B4).

A fe* rrarflr'generr. such as Baetir lrnd Parrd-
Leptoplr lebia. arc rr iclcspread and inclnde species
thill can blefale moderate pollution l\'lcrlitt antl
Currrnins 198,1). Ihe,.c t lo gcnera rver-e relat ire-
lr.abunclanL aL all foul sites in I'adden Crrck. -qomc
non-insect groups. orl  the oLher lrancl.  alual l ,r '
prefer olganicalh enrichcd strcams. In Paclden
Crcck" lhese inclLrdecl arnph\rod-..  annelicls. anrl
molluscs: al l  of lhich rrclc lnore comrnon in the
clorrnslrcarn sites. This distribution was espccialll
t rue fur the molluscs. lrhich rrcrc nol lound at
Site 1.

\ ' lan,r 'ol  the uncolnnlon trra also preferled
-sitc l .  These inrluded the stolel l ies PrcDnd,r '1r.
PerLorntitL. Despaxio augu\kL. CaLinetLia caLiJbr-
li.a- and Hespetoperkt paci7ica.' the rnayflies
Cin,t gmu rnLl Rhithogena: the cadclisllies -4l1oros-
ttu)e(:us potlitus. Apatonia sorcx, Ecclisont.tia^ Neo-

p[1lor. anrl Lepidostonta: and thc uquatic beetles
Httlrot:hus squamifer t\7d Lara atora

\ ' larr l  pledaton tara al-.o pleferrecl Sitc l ,  jn-

clLrling thc large. predaorl stc,neflies. Hesperopcrla
pttciJico anLl CulirLeuritr. LoLi.lontico. These
slonefl ies consume larp(e pelcentagcs of lhc sland-
ing crop of bcnlhic irrverLebrales (Siegfi ied and
Knighr 1976). At -si te 2. nhere the largc ,. toncIl ics
lele abselt. the rnedium-sizcd storre[1r' Sltala aP-
pcaled to be Lhe rrrajor irlertebrate preclator. At
Sites 3 ancl ,1. the largest insect pred:rtors rrere
alderflies (.Sia1is). l hc filtcr-iceding PrLrap*the,
(,ol l ln1on at Site 3. mar al, .o bc prcdatorr. The
predaciolrs aquatic beeLles,4gabinus st:uLptureLlus,
.,lgaDrrr, ancl Hldrolctttts \!ele among thc fcl in-
lenebrates rith an {ppafent preference 1or Site :1.

Spccics belonging to this ilmilr are very adaptablc.
, ' n , l  - " r n ,  " l  t h ,  n r  , ' ,  r r r  i r r  J ' , n - l l o r . i l g  - t l ecm.

and lentic habitats (Usingcr 1971). Ther rnar
prefer Site X becalLse the stream vclocih js re'lative-
ll slot' and pool arcas are relativell large.

D stribution o{ Hydropsych dae

The caddisii,v farnilv H--vdropsr ch id ac includes
spccics lhal can lolerate moderate pollution
(Hat'kcs 1979. \ \  iedelholrn I9B4). In Padclen
(lreek. this famil_r shor,;cd a r i ist irrct longitudinal
distr ibLrt iorr patrern'.  Hrdrcprche \ras nrore com-
lnon at the uppcl si tcs and Porop\i1Ae \ras more
conrmon dorr rrsLream,

The lonpftudinal cl ist l ibution of Hvdro;rsrchi-
cldc has bccn Llre sLrbject ol ser,eral studies il the
easiem Lnited States {Cordon and tr al lace 1975.
Wiggins and \'lacktl l97Bl. \'lost sturlies shot LlraL
Paropsrche are found n{)sLl\ in the upper head
r\ater streanrs. lrhile specics o[ Ilytlropstt:he,
although rr iclclr distr ibuLed. tend to pleier
do$nstream sections of r ivers. fhcsc cl istr ibutions
are usualh' cxplaineri bl dil'ferences in morphof
'  ' g .  l ' a rop " t ,  h r  i '  . r  I ' i g  ,  . r , l , l i -  f l '  .  I ' r t  i r ' g  ,  , ,  ' a r - "

nel that enebles i t  to catch coalse pdrt iculatc
organic mrttcr (CPO\{). the nrajor l;od source in
heirdrrater strearns. (lonversell . Hl droplche lar-
vae Are -qma]l and bui ld ncts l  i th a smaller mesh
sit.c than Porapyr:he in order to feetl ol fine por'-
iiculAte organic rnuttcr (FPOI\'| j.

Our data could rel lect t i re ini lucrcc of l .akc
Padtlcn. r'hic,h ha-. an epiJimnetic outlall and plob-
abl,r 'adds l 'P0 \ ' l  to thc uppcr-srcLion ol the creeL.
thus f:rvoring H1dropnr,4e. Horr'ever. it is also possi-
hle that the Hrdropsyhe spccics inhabit ing Parlden

\ l a . : r ' '  n r r r t e l r . r  e  C " rn rnun ' t i . -  i n  . r  ! r n r ' 1 .  ) uhu r l , an  i t r e . rn  l 2 ' J
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Figure 3. Padden Creel n,a{ n)i.!,,rebrare functional group distr;butions (percenr o{ toral densnr), l4 Mar-l Ocrober. 1988.

Creek arc lcss tolerrnt to organic enrichment than
Porrrps,l?/le so thal thev arc conlined to the relative-
11 unpollutccl upstream port ions of thc creek.

l\ lacrolnvertebrate Functiona Groups

Figurc 3 surnmarizes the fundional grcup percen-
tages lbr the connnon taxa in Padden Creek (based
on Merri l l  and Cummins 198,1). Chifonomid lar-
vae tere classified separatel'- because spccies of
Chironornirlae belong to scveral diflerent ftrnctional
groups. Some navilies are ablc to feed both as
collector-gaLherers and as sclapers: these lara l,erc
classif i  cd as col lector-gatherers/scrapers.

Accorci ing to the River Continuum Concept
(Vannc*c ef al. I9BO), PLrdden Crcck is a head-
$ater stream" rhardctcdzed by a clrsed forest
,  . r nop r  .  r '  i t l '  i t -  I ' r ' ' r r r : r r r  FnF rs l  : L ,u r . c  . o rn i r g
lltrm allochthonous organic maller in form of
Cl 'ONl. Shredders. rho fecd on C]'L)] ' I .  should be
abunclant. rhilc scrupcrs and collectors (r,ho leccl
on pel iphlton and FPO\'I) .  should bc tcss abun
dant. AlthoLrgh shredder- densit ics lere relat irel, \
lol  in Paclclen Crcck compared to headlratcr
sLreams sampled in rreslern Ofcgon (Hat'Lins and
Sedell 19{31), shrcdders \rerc ploporlionatelr morc
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abr.rndant at Site I than at the other Padden Creek
sites. Padden Creek also is undoubtedl,v influenced
b_y inputs of FPOM from Lake Padden, rvhich prob-
abl,v caused the relativcl"v high collector-gatherer
and collector-lilterer densities at all sites. The
collectors were mainlv rcpresented bv the filter-
feeding caddisflr,' f1-vdropslclr., which rvas common
aL Site I, and oligochaetes (collector-gatherers).
vhich were common at a1l sites. Studies in England
(Annitage l97B) and in Colorado (Ward and Short
l97B) in creeks do*nstrcam from reservoirs also
shovcd clevated populat ions of ol igochaetes.

At Site 2. collector-gatherers and scrapers uerc
lhc clominant funclional groups. Predator and
collector'-filterer dcnsities were much lon'er than
at Site l .  Shrcdder densit ies and the number of
shredder tirra u,ere aLso slightlv lover at Site 2 than
al Sitc l .  The change-" observed beti ! 'een Site I
and Site 2 probab\'r,".ere causecl b! channeliza-
t ion, lr .hich reduced substratc heterogeneitv (see
Figure 2). and bl deforcstat ion. lhich increased
the arnounL of l ight reaching the stream bed and
r l r : r ' r e - , 1  t h ,  ,  hc f r c t c r  o f  t hc  r i nJ f i r n  \ p€ .e td t i , ' n .

Minshall  11984) and S' i l l iams (1980) report
that species diversitv gererallv increases tith

Site 3 Si te, l



substrate heterogeneitv. At Site 2. 1there the
substrate was fair\ homogencous. there \tas a
general rcduction in species clirersily. especiall,v
for predators and collectoliilterers. frorn that found
at Site I In an expc mcnt \\,ith artificial subslrate-q
in a th;rd-order slream in Ontario (S illiams l980).
all predators showed a signiiicant prefer-cncc for
areas havin€i highl,r heterogeneous subslr-ales.

Compared to Sites I and 2. Sites 3 and ,1 had
very unbalanced distlibutions ol funcLional groups.
Prcdator and shredder populatiorl-\ \{ele greatlv
reduced at Sites 3 and 4. thi lc col lcctor '- f i l terels
were increased aL -q;te:: '  l rrd col ledor-gatherels
lvere increased al -si te,X. Scraper populat ions had
similar densit ies to those at Site l .  bur consrsrccr
of clifferent taxa. These differences probabh tcrc
correlated $'ith the decreasc in subslr-ale size and
slorcr stream velociL;es al Site 4. *hich lbvors
collecbr-gatherers more th:rn lilter leeders. ln ad-
dit ion, the changcs in r, ;alcr qrral iLv mav have corr-
tr ibuted to shi{ts tolard relat iveh toleranl laxa at
Sites 3 and 4. -qimilar l)attelns are describecl bv
Wiedelholm (198.1). l 'ho reported that the e\-
pecled longitudinal (do\rnstleam) succession ol
macroinverlebratc funtlional groups is alterecl in
nuticnL-enriched strearn-c l lecaLL-re oi the chanple
in algal1lora and inclease in detritus input crausc\l
b, l  cutrophicaLion.

Conclusions

Manl l 'adden Crcck taxr. cspccial l l  rnal l l ies.
stoneflics. and caclclisflics. rr'ere rnore abLrndanl al
Site l .  \ \hich r\as denseh i ;Lested. h:rd r hetero

E(eneous sl lbstratc. and \ras rclat ivch unpolluted.
Thc t lor,;nstreanr siLes. rrhich $ere al lected br
channelization. delorestation. pollution. and natural
decreases in sediment size ancl stream r,elocit l .
Here lopulated mosth bt tolerant tara allcl had
a greater proport ion of r lon-insrct taxa than lhc
upstrcdm sitcs.

All rn acro irl e rte brtrte functional €3oups lrclc
vell represented at ,qitc 1. l hc lclativclr- h igh den-
sitv of shrccldcrs ut lhal si lc suggesLs that CPOXI
lrds a rnrjor foocl sourcr:.  Tn addit ion. Lhe adcl i t ion
of FPO\{ inrrn I-ake Padden re-cLrlled in lalge nurn-
bers of c ollect or- Elather e rs and collector-filterers ot
all sites. Channelization at Sitc 2 causccl a dr:crcast:
in Lhe nrrmber and densit\  of predators and
collectorlilterer'-s. Because the liparian t'blcst irds
part lr  clcarcd dt this sitc. thc number ol shreclcler
taxa also las t lccreased. Scraper densiL;es. ()n lhe
othcr hancl. incr-eased because as rnore l ight

reached the stream. algal ploductivitr probablr in-
creesed. Relat ir ielv tolerant insecl aDd Don-insect
til-\a. most of lhich rtcrc collcctor-filtcrcrs and
collcclor-gather-ers. dorninated Sites il and 4, where
pollution liom Connellr Creek ancl reduced sccli-
mcnt sizc and slream veloe;tr rnav havc been tna-
jor factols inf luencirrg lhe macfoinverlebrate com-
rnuniLv structure. Shredder'-" and predatom rrere
\ r r \  r l n ,  u rnm, ' r  a t  h , , t h  do r ' n - t r ea rn  - i t e . .

Our studr sho$'cd that changes irr $'aLer qual-
ilv. substrale characteristic-s and lAnd use are
associated vith longitudinal zonation of the ben-
thic irrverLebrate cornrnLrnit ,v in Padden ( lreek.

Becarrse ofintelactions betir'een these fbctorc and
the biota. the importance ofeach singlc fdctor can-
not ea-sill be quantified. Horvcr.cr, thcrc 1tas a
general tendcnc,-l for channclization and defo|esLa-
Lion to mim;c the habiLat found in mid-reach rivers.
resulting. at Site 2. in a greater densitt' of scrapers
thtn would nornral l_r be expected in a headrlater
strean. Similarlr : .  at Sites 3 and 4. the cornbined
elfects of deibrestatioD. nut ent inputs. and natulal
decreases in the stream \,elocitv and substrate size
crented a habitat similar to that found in lowcr
reaches of r- i \ .cr-s. rcsult ing in a macroinvertebrate
cornrnuniLl dominated bl col lector-gatherers and
collector'$ltereIS.

Th i -  - t ' r d r  sc .  r c l c t i \ c l \  quo l i t J l i \ r .  i n  n f l l r f , .
being limitcd bv timc. funding. ancl lack ol a pre-
e r i . t i r r e  ' l . r t r  b . r s '  r r r  l h '  s l r ,  Jm .  T1 .  1 ' r i r nun  p r r r -
posc $as lo col lcct basel ine data on the rnacrorn-
l .cfLebfate taxa in Paclden Creek. and to look lor
g - r r . r r l  l , , r r g i t , r d i na l  t r end - .  The .e  oh jec t i r e -  r e re
rnet. despite the design constrdints, suggcsting thdl
strcam ccoslslcm studies are not resLricted to rrulLi-
!ear. externall] -funded projects. Land-use chrurges
along streams are commonplacc. and incrcascd
development pressure lill likcll rcsult in additional
changes along strcam coulscs in the Pacific North-
r ' , . t .  F r r r t l r ,  r  r . s ' r . ,  h  - l ' , r ' , l d  .m t ' ha . i , , '  r t , t , r , ' -
priate biological and chemical -sampling that ma1'
lead to a comprchcnsir.c moniloring ol ' i rrpacts on
streams. Our-sLudr sLrggests thal !er\ rneaningful
inlormation caD be gained from short-term sam-
pling along stream gradients to asse-.s irnpacts of
lancl use pattems.
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