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Abstract

We studied the relationships between benthic mucroinvertebrates. water qualily, sediment characteristics. and riparian community
structure in Padden Creek, a second-order stream in Bellingham, Washington. 1o Took for patterns in the macteinverichrate com-
munity structure belween upsiream and downstream siles. Padden Creek was sampled al four sites: one site was densely forested
and relatively unpelluted. while the remaining sites were alfected Lo various degrees by channelization. deforestation, and nonpoin
souree pollution. We measured water qualily (including nutrients), sediment structure. riparian vegetation. and benthic macroinvertebrate
densilics at cach site between 14 May und 1 Oclober 1989, Many laxa were more abundant at the undisturbed, forested npstream
site (Site 1), especially pollution intolerant mayllics. stoneflies, and caddisflies. At Site 2, where the surrounding forest had been
cleared, there was a decrease in the densily ol shredders. predators, and collector-filterers. and an Inercuse in serapers. At Siles
3 and 4. where the stream is affected by organic pollution, there were lewer representatives from pollulion intolerant orders
{Ephemeroptera. Plecoptera. and Trichopters) and many more non-insect laxa (¢.g., oligochaetes and gasiropads). Thus, the effects
of channelizalion. deforestation. and pollution resulted in major changes in the structure of macroinvertebrate communilics at downstream
sites. suggesting that such riparian alterations imilute similar urbanization effects of higher-order rivers.

Introduction pollutien. Qur objectives were 1o cvaluate the

. . ) eflects of changes in water quality, riparian com-
Dense riparian vegetation influences the trophic . . .'

! . , murily structure, and sedimenl size on the macro-
structure of headwater streams by shading (which :
decreases autotrophic produetion) and by providing
a large input of allochthoneus detritus in the form
of coarse particulate organic matter (CPOM}. This
loading, in turn, is refleeted in the funciional
feeding group composition of benthic macroinverte-

brates, Headwater sections of streams are typically

inverlebrate taxonomic structure and functional
group composition in Padden Creek. In doing so,
we hoped to illustrale some of the influences of
urban development on stream biota.

Study Sites

populated by a large proportion of macroinverte-
brate shredders, which shifts 10 higher proportions
of scrapers in midrcaches and collectors in lower
reaches of river systems (Vannote et al. 1980,
Hawkins and Sedell 1981}. Other factors besides
organic maller also affect the community structure
of benthic macroinvertcbrates, including changes
in water qualily, land usc alterations, and changes
in substrate characteristics (Hawkes 1979,
Newbold ef al. 1980, Williams 1980, Molles
1982, Kondratieff et al. 1984, Vinshall 1984},

Padden Creek is 4 small, second-order stream
that is typical of many urban streams in that por-
lions of its watershed have been impacted by chan-
nelization, deforestation, and non-point source

Padden Creek begins as a lake outlet and flows
4.72 km from Lake Padden (elevation 136 mj 1o
the marine waters of Bellingham Bay. The water-
shed, which occupies a total area of 15.5 km?, in-
cludes Connelly Creek, the only tributary, and two
small inlets of Lake Padden {Figurc 1).

We studied four sites in Padden Creek, which
are described in Table L. Site 1 was surrounded
by dense, second-growth forest, and had a roeky.
diverse substrate. Site 2 had a comparatively open
canopy due te urbanization and a homogeneous
substrate due to channelization of the stream. Con-
nelly Creek enters hetween Sites 2 and 3, and was
the major source of nutrient pollution inlo the
creek. Site 3 was in a park (Fairhaven Park}). which
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Figure 1. Padden Creek sampling sites and watershed description.
TABLE 1. Descriptions of Padden Creek sampling sites.
Facter Site 1 Site 2 Site 3 Site 4
nutrienl concentrations low-moderate low-moderate elevated elevated
riparian vegetation second-growth alder, gaps park-like freshwater
coniferous forest In canopy vegelalion wetland
stream veloeity [asl-Mowing fast-flowing
substrate diverse

cobble-pehble

slrednt gm(li('nl

61 m'km

fasl-flowing

slow-flowing
uniform diverse diverse
cohble-pebhle pebble-sand
1% mikm

pebble-sand
8 mlkm

I'l m/km

was forested and had a diverse substrate, bul had
poor water quality. Site 4 was localed near the
mouth of Padden Creck in a freshwater wetland.
and was characterized by poor water quality, high
turbidity. and a finc-grained substrate.

Methods

Four sites were sampled along the stream, as shown
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in Figure 1. The riparian vegelation was sampled

on 14 April and 14 August. 1988. All tree species
and common undersiory species in the riparian
zone were identified. and the dominant tree species
were determined by canopy cover. Stream sedi-
menl samples were collected on 10 August {from
a 929 cm® (1 ft*) area to a depth of about 7.5 em.

The sediment samples were oven dried, sieved,




and weighed to determine sediment size fractions
{(Minshall 1984). Waier samples were collected
approximately monthly between 14 May and 1 Oc-
tober, 1988 at each Padden Creek site and {rom
Connelly Creek where it joins Padden Creek. Water
temperatute was measurcd in the field. Laboratory
analyses (pH, alkalinity, conductivity, turbidity,
ammonia, nitrite/nitrate, soluble reactive phos-
phate, and tolal phosphorus) were done by the In-
stitute for Watershed Studies (Western Washingion
University) using standard EPA protocols {(EPA
1983).

Benthic macroinvertebrate samples were col-
lected monthly between 14 May and 1 October
using a Surber sampler (1 mm mesh size). Ten rep-
licates were collected at each sile on each dale.
The macroinvertebrates were preserved (in the
field)y in 10% formalin, sorted, and identified to
the lowest practical taxonomic unit, Representative
taxa were preserved in 70% ethanol. Macroinverte-
brate densities were calculated for each taxa as the
average number of individuals per square meter
(n = 10 per site and taxa). In addition 1o the quan-
titative samples, inscet emergence was noted, and
log debris and larger rocks were sampled quali-
tatively. The qualitative data were not used in
the calculations of macroinvertebrate densities, but
were added to the taxonomic list.

Results and Discussion

Riparian Community, Stream Substrate,
and Water Quality

Site 1 is dominated by dense, second-growth. con-
iferous forest about 20-100 vears in age. The most
common tree species include western hemlock
{Tsuga heterophylla), red alder (alnus rubra),
western red cedar {Thufe plicate). and bigleaf
maple (Acer macrophylfum). The understory con-
tains many hvdrophytes such as devil’s club {Oplo-
panax horridiem) and skunk cabbage (Lysichitum
americarum) that indicate water saturation of the
soils near the creek. Other common understory
species include vine maple (Acer cireinaim),
salmonberry (Rubus spectabilis), and sword fern
{Polysitchum munitum). The riparian community
at Site 2 is disturbed, and consists primarily of
young alders and willows (Seflix spp.) on one or
both sides of the creek. as well as blackberries
{Rubus spp.) and reed canary grass (Phalaris
arundinacea). The forest at Site 3 in Fairhaven
Park has a much more open canopy and under-

slory than Site 1. The dominant tree species at Sile
3 are bigleal maple and red alder. Shrubs dem:-
nale the underslory, especially snowherry (Sym-
phoricarpus albus). ocean spray (Holodiseus dis-
color), and Indian plum (Osmaronia cerasiformis),
indicating drier conditions than at Site 1. In the
wetland area at Site 4, willows and alders form a
dense canopy that overshadows much of the creek.
Parts of the wetland are characterized by emergent
aqualtic species such as cattail (Typha latifolia) and
bullrush {Seirpus silvaticus).

The gradient of a stream is one of the major
factors controlling stream velocity and sediment
size (Richards 1982). As the stream gradient de-
creases downstream, the mean sediment size usual-
ly dcereases. Accordingly. the particle size in the
riffles of Padden Creek shifted from a mixture of
cobbles and pebbles upstream to mostly smaller
pebbles downstream {Figure 2). Al the same time,
the weight of the fine sediment fraction {granule
to sand) increased downstream. The only major ex-
ception to this was al Site 2. At this site the stream
is channelized. which creates a more uniform
stream velocily, particularly when viewed horizon-
lally across the stream channel. As a resul, the
sediment structure at Site 2 is relalively uniform.

Because Padden Creek was at least partly
shaded at all sampling sites, stream temperatures
were consistently low. The highest temperature in
Padden Creek {15.8°C) was wmcasured
downstream from the inflow of Connelly Creek on
24 August. Connelly Creek was nol shaded at the
sampling site and had noticcably higher water
lemperatures than Padden Creek (Table 2}. Simi-
larly. the values for pH, alkalinily and conductivi-
ty in Connelly Creck were much higher than at Sites
I and 2 in Padden Creek. The influence of Con-
nelly Creek can be seen at Sites 3 and 4. where
the pH. alkalinity, and conductivity values are in-
termediale between those for Connelly Creek and
the upstrcam sites of Padden Creek.

Ammonia concentrations were about the same
at Site 3 as at Siles 1 and 2. and only slightly
elevaled at Site 4. even though ammonia inpuls
from Connelly Creek were high. Ammeonia is usual-
ly transformed rapidly in streams to nitrate (Hynes
1974). suggesting that the elevated nitrite/nitrate
concenlralions al Sites 3 and 4 were probably
caused by both ammonia and nitrite/nitrate inpuls
from Connelly Creek. Soluble reactive phosphorus
concenirations were higher at Sites 3 and 4; how-
ever, total phesphorus concentrations were not.
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Site 1 Site 2

Key
. Cobble
' Pebble

Granule

Very Coarse Sand

Coarse Sand

Sand

Fine Sediment

[
o

Site 3 Site 4

Fignre 2. Padden Creek sediment size distribution (by percent of lotal weight), 10 August, 1988,

TABLE 2. Water quality data from Padden Creek and Connelly Creek.'

Padden Creek—Data Ranges {Average)

Connelly

Parameler Site 1 Sile 2 Site 3 Site: 4 Creck
Temperature (20} 11.5-14.4 12.0-15.0 11.5-14.0 14.0-18.5
pH 7.43-7.70 7.70-7.84 7.76-7.91 7.85-8.53

7.9 7.05 {7.79) (7.86) 8.10
Alkalinity 24.8-31.1 25.1-36.1 43.0-63.3 39.4-66.4 79.6-133.4
(mg CaC 05/l (28.7) (32.2) {25.3) (56.1) (99.8}
Conduetivity 96-109 97113 134-175 136-184 218-353
(pSicm) {104 (108} eh (167) (203}
Turhidity 3.1-6.3 2.8.7.3 2.7-4.8 3147 2854
(NTLs) {1.8) 1.1y 3.8) (3.9 4.0n
Ammaonia <2337 <2197 < 2-23.3 < 2-28.9 12,1-336.5
{ug N {10.0) 8.5) 16.8) {17.49 1252.3)
Nitrite/Nitrate 108.7-412.6 101.6-382.1 203.9-700.9 196.6-759.9 246.8-371.1
Ipg N/ {280.4) 1267.3) 1393.8) {392.0 14174
Sol. Phosphate 3.0-14.4 6.1-13.6 13.2-295 11.3-28.7 22 5-45.7
{rg P 9.9 (109 22.0) 22.1h 132.9)
T, Phosphorus 19,5-73.4 19.3-55.2 27.5-40.1 23.53-36.7 42.4-70.1
(pgill) 28.0 (30.8) [KEN! {33.00 (32.8)

'The Padden Creek samples were collected from 14 May-1 October. 1988 (n = 5); Connelly Creek samples were collected from
21 June-1 October. 1988 in = 4.
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The exact sources of pollution to Connelly
Creek have nol been identified, but they are most
likely the result of nonpoint source agricultural and
residential runoff. The periodically high ammonia
concentralions suggest agricultural runofl or faul-
ty septic tanks. Along Connelly Creek, there are
seplic tanks as well as an intensively used agri-
cultural arca where manure is spread on the ficlds.

Benthic Macrcinvertebrate Populations

We collected a total of 71 1axa from Padden Creck
{the Padden Creek taxa list 15 available upon re-
quest from the authors). of which 21 1axa were
defined as “common” (representing at least 1% of
the tolal density at anv site}l. Because downsiream
drift can affect interpretalions of taxa distribution
data, especially for rave taxa (Waiers 1972), most
of our discussion is restricted to the common taxa.
Uncommon taxa that are especially sensitive to
changes in the environment or those with special
habitat demands are also discussed.

Manvy mavilies, stoneflies, and caddisflies
preferred Sites 1 and 2. Thesce three groups to-
gether made up 62-67 percent of the macroinver-
tebrate densitics at the upstream sites, but only 40
percent at Site 3 and 26 pereent al Site 4. Mavflies,
stoneflies. and caddisflies are generally intolerant
of pollution, especially the heptageniid mavilics and
mosl stoneflies. Many other stream studies have
reported similar patterns, i.e.. decreases in may-
flies. stoneflies, and caddisflies in polluted sec-
tions (e.g. Hynes 1970a, 1970b: Hawkes 1979:
Wiederholm 19384).

A few mavfly genera, such as Baetis and Para-
leptophlebia, arc widespread and include species
that can lolerale moderate pollution {Merritt and
Cummins 1984}, These two genera were relative-
Iy abundant at all four sites in Padden Creck. Some
non-insect groups. on the other hand. actually
prefer organically-enriched strecams, In Padden
Creek. these included amphipods, annelids, and
molluses: all of which were more common in the
dewnstream sites. This distribution was especially
true for the molluses. which were not found at

Site 1,

Many of the uncommon taxa alse preferred
Site 1. These included the stoneflies Pteronarcys,
Perlomyia. Despaxia augusta, Calineuria califor-
nica. and Hesperoperia pacifica: the mayllies
Cinygma and Rhithrogena; the caddistlies Allocos-
moecus partitus. Apatania sorex, Ecelisomyia, Neo-

phylax, and Lepidostoma: and the aquatic beetles
Hydrochus squamaifer and Lara avara.

Many predatory taxa also preferred Site 1, in-
cluding the large. predatory stoneflies, Hesperoperla
pacifica and Calineuria  californica. These
stoneflies consume large percentages of the stand-
ing erop of benthic inverlebrates (Siegfried and
Knight 1976). At Site 2, where the large stoncflies
were absent, the medium-sized stonefly Skwala ap-
peared 1o be the major invertebrate predator. At
Sites 3 and 4, the largest insect predators were
alderflies (Sialis). The filter-feeding Parapsyche,
common at Site 3. may also be predatery, The
predacious aquatic beelles Agabinus sculpturellus,
Agabus, and Hydrovatus were among the few in-
vertebrates with an apparent preference for Site 4.
Species belonging to this family are very adaptable,
and some of them occur in slow-flowing streams
and lentic habitats (Usinger 1971). They may
prefer Site 4 because the stream velocity is relative-
lv slow and pool arcas are relatively large.

Distribution of Hydropsychidae

The caddisfly family Hydrepsychidac includes
species thal can tolerate moderate pollution
{Hawkes 1979, Wiederholm 1984). In Padden
Creek, this family showed a distinet longitudinal
distribution pattern: Hydropsyche was mare com-
mon at the upper sites and Parapsiche was more
common downslream.

The longitudinal distribution of Hydropsvchi-
dae has been the subject of several studies in the
eastern United States {Gordan and Wallace 1975,
Wiggins and Mackay 1978). Vest studies show Lhat
Parapsvehe are found moslly in the upper head-
water streams, while specics of Fhdropsyche,
although widely distributed, tend to prefer
downstream sections of rivers. Thesc distributions
are usually explained by differences in morphol-
ogv: Parapsyche is a big caddisfly, having a coarse
nel that enables it to caich coarse particulate
organic matter {(CPOM). the major food source in
headwater streams. Conversely. Hydropsyche lar-
vae are small and build nets with a smaller mesh
size than Parapsyche in order to feed on fine par-
ticulate organic matier (FPOM).

Our data could reflect the influence of Lake
Padden, which has an epilimnetic outfall and prob-
ably adds FPOM to the upper section of the creek.
thus favoring Hydropsvehe. Howerver. it is also possi-
ble that the Hydropsyche species inhabiling Padden
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Site 3

Figure 3. Padden Creek macroinvertebrate functional group distributions (percent of total density), 14 May-1 October. 1988,

Creek are less tolerant to organic enrichment than
Parapsyche so that they are confined to the relative-
ly unpolluted upstream portions of the creek.

Macroinvertebrate Functional Groups

Figure 3 summarizes the functional group percen-
tages for the common laxa in Padden Creek (hased
on Merritt and Cummins 1984). Chirenomid lar-
vae were classified separately because species of
Chironomidae belong to several different functional
groups. Some mavilies are able to feed both as
collector-gatherers and as scrapers; these taxa were
classified as collector-gatherers/serapers.

According to the River Continuum Concept
(Vannote et al. 1980), Padden Creck is a head-
water stream. characterized by a closed forest
canopy, with its primary energy source coming
from allochthonous organic matter in form of
CPOM. Shredders. who feed on CPOM, should be
abundant, while scrapers and collectors (who fecd
on periphyton and FPOM), should be less abun-
dant. Although shredder densities were relatively
low in Padden Creck compared to headwater
streams sampled in western Oregon (Hawkins and
Sedell 1981), shredders were proportionately more
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Site 4

Key

. Shredders

Predators

]

Callector-Filterers

D Chirenomidae
Collector-Gatherers

E Collector-Gatherers/Scrapers

Scrapers

abundant at Site 1 than at the other Padden Creek
sites. Padden Creek also is undoubtedly influenced
by inputs of FPOM from Lake Padden, which prob-
ably caused the relatively high collector-gatherer
and collector-filterer densities at all sites. The
collectors were mainly represented by the filter-
feeding caddisfly Hydropsyche, which was common
al Site 1, and oligochaetes (collector-gatherers),
which were common at all sites. Studies in England
(Armitage 1978) and in Colorado (Ward and Short
1978) in creeks downstrcam from reservoirs also
showed elevated populations of oligochaetes.

AL Site 2. collector-gatherers and scrapers were
the dominant functional groups. Predator and
collector-filerer densities were much lower than
at Site 1. Shredder densities and the number of
shredder taxa were also slightly lower ai Site 2 than
at Site 1. The changes observed hetween Site 1
and Site 2 probably were caused by channeliza-
tion, which reduced subsirate heterogeneity (see
Figure 2). and by deforestation, which increased
the amounl of light reaching the siream bed and
changed the character of the riparian vegetation.

Minshall {1984) and Williams (1980) report
that species diversity generally increases with




ﬁ

substrate heterogeneity. At Site 2. where the
substrate was fairly homogencous, there was a
general reduction in species diversity, especially
for predators and collector-filterers, fraom that found
at Site 1. In an experiment with artificial substrates
in a third-order stream in Ontario (Williams 1980},
all predators showed a significant preference for
areas having highly heterogeneous substrates.

Compared to Sites 1 and 2, Sites 3 and 4 had
very unbalanced distributions of lunctienal groups.
Predator and shredder populations were greatly
reduced at Sites 3 and 4. while collector-filterers
were increased al Site 3 and collector-gatherers
were increased al Site 4. Scraper populations had
similar densities to those at Site 1, but consisted
of different taxa. These differences probably were
correlated with the decreasc in substrate size and
slower stream velecilies at Site 4, which favors
collector-gatherers more than filter-feeders. In ad-
dition, the changes in water qualily may have con-
tributed to shifls toward relatively 1olerant laxa at
Sites 3 and 4, Similar patterns are described by
Wiederholm (1984). who reported that the ex-
pecled longitudinal (downstream) succession of
macroinvertebrate functional greups 1s altered in
nutrient-enriched streams because of the change
in algal flora and increase in detritus input caused
by cutrophication.

Conclusions

Many Padden Creek taxa, especially mayflies,
stoneflies, and caddisflics. were more abundant a
Site 1, which was densely forested, had a hetero-
geneous substrate, and was relatively unpelluted.
The downstream siles, which were affected by
channelization. deforestation, pollution. and natural
decreases in sediment size and stream velocity,
were populated mostly by tolerant taxa and had
a greater proportion of non-insect taxa than the
upstrecam sites,

All macroinvertebrate functional groups were
well represented at Site 1. The relatively high den-
sity of shredders at that sile suggests that CPOM
was a major food source, In addition, the addition
of FPOM from Take Padden resulied in large num-
bers of collector-gatherers and collector-filterers at
all sites. Channelization at Site 2 caused a decrease
in the number and density of predators and
collector-filterers. Because the riparian forest was
partly cleared at this site, the number of shredder
taxa also was decreased. Scraper densilies. on the
other hand, increased because as more light

reached the stream, algal productivity probably in-
creased. Relatively tolerant insect and non-insect
taxa, most of which were colleetor-filterers and
collector-gatherers, dominated Sites 3 and 4, where
pollution from Connelly Creek and reduced zedi-
ment size and stream velocity may have been ma-
jor Taclors influencing the macreinvertebrate com-
munily structure, Shredders and predators were
very uncommon at both downstream sites.

Our study showed that changes in waler qual-
ity, substrate characteristics and land use are
associated with longitudinal zonatien of the ben-
thic invertebrale community in Padden Creek.
Because of interaciions between these factors and
the biota, the importance of each single factor can-
not easily be quantified. However, there was a
general tendeney for channelization and deforesta-
Lion Lo mimic the habilat found in mid-reach rivers,
resulting, at Site 2, in a greater density of scrapers
than would normally be expected in a headwater
stream. Similarly, at Sites 3 and 4. the combined
effects of deforestation, nutrient inputs. and natural
decreases in the stream velocity and substrate size
created a habitat similar to that found in lower
reaches of rivers, resulting in a macroinvertebrate
communily dominated by collector-gatherers and
collector-filterers.

This study was relatively qualitative in nature,
being limited by time. funding. and lack of a pre-
existing data base on the stream. Tts primary pur-
pose was 1o collecl baseline data on the macroin-
verlebrate laxa in Padden Creek, and to look for
general Jongitudinal trends. These objectives were
met, despite the design constraints, suggesting that
stream ecosvstem studies are not restricted to mulli-
vear, externally-funded projects. Land-use changes
along streams are commonplace. and increascd
development pressure will likely result in additional
changes along stream courses in the Pacific North-
west. Further research should emphasize appro-
ptiate biological and chemical sampling that may
lead to a comprehensive monitoring of impacls on
streams. Our sludy suggests that very meaningful
information can be gained from short-term sam-
pling along stream gradients to assess impacts of
land use patterns.
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