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Abstiact

The purpcxe of the study rvas to dctermine preferences of periphyton {or glass or natural substnatcs.
Colonization of bcnthic samplers (baskets) was conductcd in the Spokane River from December
1979 to November 1981. Standins crops of per;phyton were estimated by ash,hee dry weight,
cblorophyll a dcnsity, and microscopic enumeration. Samplcs from ro,:k substrate shovcd higbcr
absolute values of chJorophyll a and ash free dry weight (56 percent and 76 pcrc.enr, respettivily )
thao drose collectcd from the glass subsrrate. Dominant pcriphyric Aenera wcre Fugikria ancl
Synerlra ot $e Bacillariophyta. Ni.rorfatu ot the Chlorophyia, i"A b"gbya of the Cyanophyra.

Inlroduction

The Spokane River originates at the mouth of Coeur d'Alele Lake and flo*'s \r'est to rhe
Columbia River. This study encompassed an area along rhe course of thc rivcr in rhe
eastern portion of the Spokane Rivet valley (Fig. 1). Ten sampiing starions rvere estab-
lished along this reach of the upper Spokane River, from Harvard Road to the inflorv
o{ Hangman Creek. Each station rvas selected as repiesenting some land-use aspect of the
river. Harvard I ancl Harvard Il stations \!ere ir areirs used fot animal gtazing and
farming. Barker, Sullivan, Euclid, Plantes Ferry, and Upriver stations represcnr porrioos
of the river that run through the suburbs of rhe City of Spokane. The stations ar Greene
Streer, Conzaga Univetsity, and Hangman Creek are locatecl rvithin Spokane city lirnits.

The study was conducted between Decembcr 1979 and November 1981 as part
of a larger investigation of the water quality of rhe Spokane River (Funk et al, 1983.
Gibbons er al. 1981) . Ranges o{ ',vater quality cooditions are shown in Table 1. Individ-
ual measurements ale on computer file at the lnvironmcntal Engineering Section at
\fashington State University- Phytoplankton and macroinverebrares also were inrensively
monitored during the invcstigation, and discussion of those conmunities can be found
in Notestine ( 191J2 ) and Duffner ( 1981) .

Periphyton (attached algae) represenr rbE algre of ;r t iver rysrcm. According to
Round ( 1964), probably over 90 percent of all algae species gtorv in an artached form.
Periphyton are also relatively fixed with regard ro their position io a river and rhere'

lPresent address: U.S. Aimy Environmental Hygienc Agency, Regiofl Si)uth, Fort Nf.Phcrson,
Georsia 30130.
2Present addrcrs; Citv o{ Bcllingharn Public \ orks, 2227 P^cific Street, Bellinaham, rt{ashingron

98226.

Norths'est Sc'ience, Vol. 58, No. 4, 1984 241



I

I

\J

o
I

o

2
o
F

z
t

=
9

a
- z

:

t F R E E I V A Y

Hongmon Cleeh
Lt.be.,ll

SPOKANE RIVER

Figurc 1. Upper.Spokane River, frorn the rJ/ashington-Idaho statelinc to Hangman Cre€k, with
srres or  sampl lng star 'ons.

lore are more easily rnonitored tlran plankon, which are coosrantly being carried in
. rnJ  our  , ' f  r  s r :Jy . , rea  b1  cur r ,n t . .

Periphyton are commonly regarded as iodicators of *,ater quality. They are valuable
in these studies because they readily respond to changes io the aquacic environment.
Chen-rical or physical measurernenrs are useful paramerers for describing u,arer quality
ar a specific time, lrur an interpretation of rhe biomass and srrucrure of a periphyron
community exposed constantly to that rvater reflects the state of the environrrleoc on a
long-term basis.

A number of studies have been condufied to compare periphyton gro*,th on artificial
(glass) anci natural (rock) substrates. The conclusions regarding l,hich substrate rep-
resenrs rhe better gro*,ins cooditions for attached algae in a natural eovrronmcnr are
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ofren confl ict iog. Siver (1977) and Tett er dl.  (1978) conrendecl that glass sl ides ate
colonized by diffcrent species of periphyron, rvith different densities, than rhe nrrural
substrates; hence, glass slides usecl for periphyton colonization clo nor refiect rhe compo-
sit ion of natural ly occurring algal comn'runit ies. Patr ick er , i .  (19t4) staaed thar shss
sl ides col lecrccl e represcnrative sample of the species of diaroms o[ a r iver. ancl Mclnt ire
(196(r) founcl similar species of aigae on glass ancl rrr l i  srbstrares. Wetzel (197!) be,
lievecl thar the number of discrepencies found betg,een algal populations on natural
and artificiai substrara rvere sufficienrly large to necessitate a rhoroush evaluation for
eaih 5rUdy

The ptimary objecive in studying the periphyron o{ che upper Spokane River l ,as
to determine i f  periphyron clemonstratccl a preference in colonizing rock or glass sub,
strates. In addit ion, an assessment rvas made of rhe porential impacr of rhe subslrare
on the ecological concl i t ion of the periphyton community by examining chJorophyl l  a,
ash frce dry rveight concentrations, encl algae associations.

Methods and Materials

The reslxrnsiveness of periphyton to glass ancl rock subsrtates and ro rhe water quality
conditions of the Spokane River was measured by chlorophyll a analysis, ash-free dry
rveight and community srru(ure by identification-enurnerarion. Substrates tor the
perphyton growth $ere provided by placing thtee glass rods and one or trvo flattened
roclis into barbecue baskers rhat wcre ser in rhe river at a depth of one mecer_ The glass
rods rvere 8 cm io lenllth r', ith an outside diamerer of 10 mm. A surface area of 2j cm2
was provi<led. rli/hen the baskets rvere retrievecl, rhe three glass lods were scraped ancl
the periphyton rinsecl into sampling boctles, one each ro be analyzecl for chlorophyll a,
ash-free .lry rveight, and identificarion,enumerarion.

The rocks io the baskcs rvere gathered fron the immediate viciniry of the site and
were consicleretl ro be reprcseorarive of rocks that periphyron would colonize. Rocks wcre
chosen rhar rvere flat on one sicle aod about 10 cm v'ide and up ro 20 cm in lengrh. A
plexiglass riog rvirir a neoprene seai rvas used ro delineare an area of 11 cm2 on the
rccks. From these areas the periphyton \!ere screped! rinsed aod siphooed as a slurry
via a vacuum flask ioto three test tubes. to be analyzed in the same filanner as the semp]es
from the glass rods ( Fig. 2 ) .

The baskets.w'ere retrieved every 6 *eeks during the \\'urner months (May ro Scp-
tember) ancl cvery 12 n'eeks duting the colder months (Ocrober to Apri l) .  Such r ime
periods are cleemecl sufficient to allorv fot rhe developmenr of stable conrmunities (An-rer-
ican Public Health Associat ion 1976).

Resulls and Discussion

The most comrnon algal group sampled on eitirer substrate n'as diaron-rs. The clominant
diaton-r was the genus S1,xed*r; i t  q'as found in cooceotrat ions as high as 21,000 cel ls,
mm: in the n'inter months end was present duriog all seasons. TIre second lnost common
periphytic form. Fragilaria,,r'as founcl in clensities of up to 16,000 cells, !nm: in the
late summer and winrer, although it occurrecl throughout the entire year.

Other common diatoms encounterecl in rhe Spokane River were Achnantbet, An-
phota, A.rterionella, Cyttbella, Dittona, Gotnphoneua, Melo.rira. Naticula. a,nrl Tdbel
latia. All but Attetionella attd llelolira are known to be stalked or to affix ro the sub-
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strate by various artachment mechanisms (Smith 1933; Prescott 1962, 197g; patrick

1966). The presence of A.*eionella ttrd Melotiru, plankton diaroms, among the attached
algae can be attributecl to rhe cells sertling out on rhe substrare during periods of cieclin-
ing populariuns .rnd quiesccnr uarer.

Diatoms often are grouped by genera ioto associerioos. Common asscrciations include
Gomphonemt Diatona (Hyoes 1970) and Achnnthes,Gomphooenu Slnetlru (Rouod

Figure 2. Aspirating device ro removc periphyton from rock surfaces.

1965). The data presented in this snrcly suggesr rhar no associatioos exist between these

Senera in the Spokane River. This may be causecl by rhe scouring of the river during
high florv, the relatively high concentration of metals, or a combinarion of both factors.

tslue,.qreen aillae were the second most numerous group of algae encountered anong
rhe periphyroo. The highesr densities ar all sratioos occutred during the summef rnonrhs.
On many occasions, Llxgbya was the only blue-green algae encounteted, ancl rvhen other
blue-greens were preseot) Llrgbyd mtde up the majority of cells.

Micro.rpora $'as the mosr frequently encouoreted genus of the green algae found
on the Spokane River. C)ther gteen aigae obsen'ecl included Clatlophora, Rhizocloniant
ar'C, Ulotl:rix.

According to Hynes ( 1970), green algae are expeced to be a domioant periphyton
group dutin.q rhe summer in a lotic environmenr. Ho$,evel, rhey were observed infte-
quently on the upper Spokane River. The high zinc concentrations encounreted through-
out the stucly periotl may have had an effect on the expeced s€asonal gronth patern
of the Chlorophyta; further investisations are warraflted. Earlier studies by tsarrlett
el d|. (1,974) shog'ed complere iohibition of the test alga, Seletasttllt .apri(on?/1r/./n,
by trace amounts of zinc.

Comparisons *'ere made on the ash-free dty weight, chlorophyll a values, ancl the
numbers of cel ls./cmr in the Reci l lat iophyta (diatom), Chlorophyta (greeo algae), and

_sx;
t:'*n
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Cyanophyta (blue-greeo) algae groups to determine if a preference was demoostrared
for rocks or glass substrare. ln addition, paired t test (Huntsberger ancl Billingsiey
1977) u'ere conducred; the null hypothesis sras thar no selectivity for tocks or glass
substrate was observecl at rhe 95 percent conficlence level exqept that to be expecred
by chaoce (Table 2). AII data *'ere nornralized by base 10 logarithms (Bliss 1967).

TAI lL l l  2 .  SDmmrr r  o f  pa i r fd  1 - tesr  Io r  snbsr ra t .  Dre t . re rcc .
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The densiries of algae cells were higher on the rock subsrrare than on the glass sub-
strate in 51 percent of rhe Cyanophyta samples, in 45 percent of the Bacillariophyta
samples, and in 41 percent of rhe Chlorophyta samples. The paired t-test indicated that
no significant difference was clemonstrated in the numbers of cells of the major aleae
groups colonizing the rock or glass substrate. The rock substrate q,as observed to have
higher chlorophyll a ancl ash-free dry rveitht conceotr.tions rban the glass subsrrare in
56 perceot and 76 percenr of the sarrples, respectively. The oull hypothesis of the paired
t-test was rejected for chlorophyll a and ash,free dry weight. These results indicate thar
periphyton colonized the substrates in a random fashion, but once established, they
were better able to carry on primary production on the rock sLrbstrate than on the glass,
as demonstrated by the higher ash-free dry rveight and chlorophyll zr values. The sieoifi-
caotly grearer amounts of ash-free dry *eight and chlorophyll d on rhe tock subsrrare
seems to indicate rhat rhe rougher rock substrnte provides a more productive lrabitat
for the algae. Periphyton can atach more easily ro rhe rough rock than ro the smooth
glass, and interstices in the rrrk provi<le bettet havens from the scouring acrion of the
current than the smooth glass. Hornet and Welch (1981) found that grov,th increased
vrith increased current until the velocity caused a severe shearing of rhe periphyton.

The periphyton measuremenrs reioforce the results of earlier studies on rhe effect
of floq' on algal production. A dam creates a lentic siruariofl at thc Upriver sraciun; at
the other nine stations the river is characterizecl by a moderate to sn,ift flow. At the
Upriver station the rock substrate had more ash free <1ry *,eisht than rhe ghss substrate
on 61 percent of the samples: the chlorophytl a values were lrearer on the rock subsrrate
rt otiy 12 percent of rhe samples. At all orher sratioos the rock subsrrare had hiehcr
ash'free dry v'eight and chlorophyJl a concentrarions rhan rhe glass substrate in 78 per-
cent aod 58 percenr of the samples, respecfively. That is, at a station where flo.r, nas
not as lirear! rhere was less difference in periphyton production on rock versus glass
substrates.

Summary

The study, conducted on the upper Spokane River to clctermine algae seJectivi t f  iot
aftificial or natutal substrate, indicated thot the periphyrcn shcwed no definable dif-
ference in density between the algae colonizing glass and oarutal rock subsrrate. Hon,
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ever, once the periphyron rvere atached to the rock substrate, they.rvere able to attain
a greater . rsh-f ree dry rveight  and chlorophyl l  a level  than the same <lensi ty of  a lgae on
the glass substrate. Hence, rhe periphyton on the rock substrate had an advantage over
the periphyron on the glass substrate in the process of prirnary prcxluction. It appcars
that  considerar ion of  arr i f ic ia l  substrr te composed of  g iass rvould lead to underest imat ion
of  per iphyton product iv i ty  in f lov ' ing rvaters.
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