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Bacteriallgrow &t on stream insects: poentallfor use in bioassessment

A. Dennis LEMLY!

Unitd Staks ForestService, Southern Research Station, Collwatr Hsheries Research Unit and
DepartmentofHshe ries and Wildlife Sciences, MVirginia Pobecdinic Institu® and State Uninersity,
Blacksburg, Mrginia 24061-0321 USA

Abstract Growth of filamentous bacteria (Sphaerotilus sp., Leptothrix sp.) on aguatic insects was
evaluated for its usefulness as a bioindicator of detrimental nutrient levels in streams. Field mea-
surements of insect abundance, nutrient concentrations, and incidence/degree of bacterial growth on
insects upstream and downstream of livestock pastures were made in 2 Virginia, USA streams.
Laboratory studies were conducted to determine the effect of bacterial growth on insect survival.
Elevated concentrations of dissolved nutrients (0.13-0.35mg/L orthophosphate, 1.29-2.13 mg/ L ni-
trate) downstream of pastures were associated with growth of filamentous bacteria, which colonized
the gills and body surface of aguatic insects. Significantly lower densities of insects (up to 66% less)
occurred at downstream sites. In laboratory studies, 100% mortality of heavily infested mayflies
(>25% of body covered, including gills) occurred within 30 d, whereas >85% of individuals without
bacterial growth survived and grew normally. The pattern of mortality in the laboratory closely
paraleled the differences in density observed in the field. Bacteriad growth on aquatic insects appears
to be a reliable bioindicator of nutrient enrichment, and the degree of infestation associated with
reduced insect survival can be quickly detected in the field or laboratory using a hand lens (10-15x
magnification). This bioindicator shows promise as a significant addition to EPA Rapid Bioassessment
Protocols because simple visua assessment of benthic samples may be sufficient to identify a cause
for impaired macroinvertebrate communities. Bacterial growth should be useful for detecting nutrient
impacts in streams as well as evaluating the success of management practices to control nutrients
from point or non-point sources.

Key words:  bioindicator, stream pollution, eutrophication, benthic macroinvertebrates, aquatic bac-
teria, nitrogen, phosphorus, Ephemeroptera.

The nutrientstatus of streams can marked ¥  €ria, partcubr}y filkmentous genera sua as
inflienc te growt oftieir micofbra and mi-  Sphaerotilus and Leptotirix. These bactria m ay
aofauna, and directy or indirecth afEctmany be stmulbtd © bbom wit modest inceases
otier drarackristics of te hiot. In nutrient- in dissoled nutrient (e g, 05 mg/L phosph ak
poor syskms, increases in nutrient are associ- or 08 mg/L nitrak ; Phaup and Gannon 1967,
akd wit inceased production of aufvudis and  Lem F 1982).0Onc in te b bom stage, ey may
m acroinnertbrats (Lorch and Ottow 1986, form Hhrge cobnies on a \ariety of stream sub-
Krueger and W atrs 1983). In some sitwations, strata, incliding aquatic insedts .
sud enriddmentmay be considered benefidalif Watr qualty in soutern Appahchian
te inaease in primary and secondary produc  streams can be serious¥ degraded by organic
tion is transhed int krger popu ktions of nytwients Nacied from animalwases if Ke-
game fishes valied by society (Rasmussen 1986, stock are aMbwed o graze in te riparian zone
Lenat and Craw ford 1994).H owe\er, tere is a  (Lem J 1982). Itis we Mknow n 1 sdentis® and
we Bknown treshol for biobgicalstm uBEon  f)eries prokssionall tat mainknane of an
beyond whic elekd nutient hawve dewimen- ngrazed, \egetakd buffr stip or riparian
Blefecs. Forexamp I, adding excessive organ- ;e is im portantin redudng nutrientand sed-
ic nutrien® can cause hyper-eutrophicaion i enginpus o streams (USEPA 1977, Young et
(H ynes 1969), a condition in whid e biobgi- 5y 1987 So bsser and Karr 1981), but B ese
callcommunity colpses and ®w spedes re- o gies are not uniform ¥ olbwed by Re-
main (# ynes 1960, Curts 1969). . ) stock growers in tie mountain regions of Mr-

One of1h.e po1abl efkcs of adding ngment ginia and e Bewhere (e g, Yow 1996). Reconery
© streams is inceased grow © of aqualic bac- 4 o1y anem ent of routstrean habitatin b e

sout easkern USA is a mapr effort of stak fish
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vice . These effork can be undermined by poor
Restock management practices, partcu kr¥ in
bcations where trout streams traverse private
grazing Bnd and ten re-entr stak or national
forests .

One of tie basic tooll tatagency fishery bi-
obgist use © enallak strean conditions is te
EPA Rapid Bioassessm ent Protoco Ifor macroin-
\erebrats (PRRin etal 198)). Abough tis
met od reneall impaired biobgicall com m uni-
ties, it does not identify cause-efect bnkages,
ie,wheter e impairmentis caused by chem-
icall po Btant, sedimentation, nutrient enrid -
ment, or oter perturbations. In additon © tis
basic sareening ol biobgist need assessment
met ods t atare spedfic to certain types ofpol
Lition or otier disturbances. This paper de-
scribes researd 1 evaliat a poentalbioindi-
cator of detrimentall nutrient enridiment in
streams based on bactrialgrow © on aquatic
insects .

Met ods

Fe B sur\eys

A series of fiell sampls was tken from 2
streams © detrmine te possibl infllene of
Restock grazing on te re ke abundane of
aquatic insects by making upstream-down-

Locaton of te study streams in te Appalbdian Mountin region of Mrginia.
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stream com parisons. Insecs were coMctd

from 2nd-order (Benson Run, Kkt 38°15'31"N,
bng 79°29'51"W) and 3rd-order (Cow pasture
Riner, Rt38°16'10"N, bng 79°29'14"W) stream s
in te Appalcian Mountains of Mrginia (Fg-
1). These are Bbw-gradient(<5%), moderat-e Il
evation (700-800 m asl streams b at support
brook trout(Salle Inus fontinalis) and ot er cold-
wakr fishes typical for tis mountin region.
Three quantitatinve samplls were colcted in
each of 6 riffls ofeach stream in Mard, dine,
and Septmber 1995 (3 sampls / riffl/dat)
wit a portab I innerebrat box sam p Ir (PIBS,
E Bk-Ruter Associats, Punta Gorda, Fbrida).
Ead sam pll consistd of 2 PIBS colctions t at
were poolld, 1 from te middl of tie stream
and 1 equidistantfrom te entr of e stream
B te margin of te wetkd adanne L Three of
te riffls were downstream (witin 300 m) of
cattl pastures (7-15ha, 18-35 anim all per pas-
ture) where active grazing and deposition ofan-
imallwas® was occurring immediat ¥ ad pcent
B te steans. The remaining 3 riffls were up-
stream (witin 300 m) of cattl pastures or as-
sociatd nutrient input. Riffls se Icked for
sanp g had simikr substratum €xture (peb-
bl size), watkr dept, weted danne Bwidt,
and aurrent\e bcity. Insects were presened in
70% et anoland returned t te Bboratory for
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processing - Ephem eroptra, Plooptra, and Tri-
diopkrawere identified © fami ¥, enumerated,
and examined for backriallgrow © using a dis-
section microscope (10-200X m agnification).
Some indinviduall ofeach fami ¥ were prepared
and \ewed wit scanning e Bctron m icroscopy
(SEM) using a Phillps Mode 1501 instrum ent

F hmentous baceria were identified © genus
(400-1000X m agnification using a com pound
microscope w it phase-contrast optics and sup-
p Imentalfiber optic Igh tsourcs) wit ident-
fication keys tat use extrnall morphobgical
fatures oftie sheats (e g, Budanan and Gib-
bons 1974). When presentin mature stages,
whid was tie case for backria exam ined in tis
study, sheat -form ing backeria are easy ® iden-
tify using simpl daraceristics sud as te
presenc or absence ofiron or m anganese oxide
aust on sheats and te presene or absenc
of swoln tips on sheat s.-Exen preser\ed ma-
triallis simpl 1 identfy, and tere is se Bom
a need for auBuring or staining -

The exentofbackrialgrow © on individual
insecs was quantified using a b bck-grid re-
ocording ®d nique. An outlne sketd ofa gen-
eralzed mayfly, caddisf¥, or stonefly (an en-
Rrgement of a Ene-drawing from a taxonomic
key) was copied onto quad-rulld engineering
paper (25 squares/an ”; each insect -240 mm
bng, 1 insectper page) and used as adatasheet
for recording bactrialgrow t© . An insect was
Mewed under te microscope, and bactrial
grow tt was recorded by shading te corre-
sponding body parton te sketh wit ahigh-
kh€r pen. A dorsal\iew and a \entral\ew
were sketthed for each insect. The high Kgh &d
squares in bot \ews were countd and com -
pared 0 te otalnumber ofsquares witin te
outline of tie insect to cabu e te % of te
body covered by backria. At Bast 100 indi\id-
uall per fami ¥ from each si® oneach dat were
assessed for prenallne and degree of infsta
tion (a singl exapton involled on¥ 83 Pter-
onarddae in 1 sampl).

Three types of statisicalanabses were con-
ducted on insectdata: 1) Diferences am ong in-
sect orders in % infstation/insect popu ktion
and % ocoverage/individuallby bactria were
tstd for statistcal significane using GE&st6
(Sokaland Roh F 1981). Data for each stream
were considered separat §, butwitin a reac
(e g, downstream ) data for te indiniduallPIBS
sanpls were combined across al3 samp bhg
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dats before analbsis-2) The density of insect
(number /m?) was cakbuhktd and upstream-
dow nstream com parisons (by insect order and
fan i ¥) were made using 2-factor ANOVA (b-
caton X dak) on bg-transformed densites. 3)
Productm oment corre ktion (Sokall and Roh F
1981) was used ® exam ine associatons betw een
% reduction in dow nstream density and % of
dow nstream individuall heavi ¥ infstd by
bactria.

On each coMction dak conentrations of dis-
soled nutrient (ol nitak and orthophos-
phat in 0.45-pm-filtered sam p Bs) were mea-
sured (5 rep bcaks) at bcations where insect
were samp Bd, using metiods approwed by
USEPA for in-situ ana¥sis (cadm ium reduction
met od for nittak, ascorbic acid met od for or-
1 oph osph ak, USEPA 1992). Upstream -dow n-
stream oom parisons of nutrient Ine l were
made for each mont (Mard, dine, Sep€m ber)
using €ksk. The insect surweys and nutrient
measurement were done when stream flbws
were moderat (defined \suall by com paring
stage on sampIng dats t active channel
widt) o awoid possib B infliences of high fibws
on nutrientmeasurement® (e g, spurious intro-
duction of anim allw as®).

Laboratory st

In Iine and Septmber 1995, Khe mayflies
(Epeorus sp) from tie downstream reach of
Cow pasture River were p beed into aeratd,
po bpropy Ine prs and transportd (in an ice-
wakr bat at15<C  prexentterm allstress on
te insecs) © Mrginia Pobtd nic Insttu® and
Stat University for survivall studies. Three
Pixighks@ aquaria wit redrou bhting, aerakd,
and €mperature-conttold watr supp ks were
used © conductthese experiment (Fg-2).Ead
aquarium he @ fine 15-L. dhambers (containing
sexerall3-5 an Cow pasture Riner ocobb Bs) into
whid insects were p hced. The sides and bot
toms of e dambers supported holls Hkrge
enough ©© albwv wakr © craubke free b but
smalenough 1 prexentinsects from escaping-
Chambers were submerged ©© adept of10 an .
Conditions in te aquaria mimiced a riffll
dow nstream ofa smalplinge poollie, te in-
It fbw was diffused trough 4 holls and cas-
caded in free-fallfor 25 an bhefore reaching te
watr in te aquarium, whid generatd consid-
erabl turbullne and bubb s ®roughout te
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FG.2. Sdiematictop \iew ofaquarium confaining 5 c am bers used © h ol mayflies in te suninallex-
periment and aside \ew ofasingl damber.A totallof3 aquaria and 15 diambers was used-

aquarium _The watr drcau ktion rak in aguaria
was -960 L/h (manufacturer® operational
spedfications for te redrau kting pum p), yie B-

ing a mid-tank aurrent\e baity of10-15 an /s,
based on tim ing ofair bubb §s traxe bhg t rough

te aguaria.

Epeorus was selcted for study because: 1)
tey are common in bot streams, 2) tiey are
scrapers tatcan £ed on easy-to-grow biofihs,
making tem amenabl ©© bng-€rm BRboratory
study, and 3) fie B colctions showed tattey
were heavi cobnized by backria. Mid-instar
BE stages (6-8 mm Engt, exchliding caudal cer-
ci) were used. Tem perature and pH were
diecked dail¥ and adjised when neessary ©
maintain te same \alies as te steam wakr
(15=1°C; pH 6.5+0.2, mean = m aximum de\-
ation).A 12h:12h Igh t: dark regime was m ain-
tained troughouteach study, whia Bstd -30
d. During experiment, mayflies £d on abae
and associakd microorganisms tat grew as a
biofilh on te stones in tie experimentalla am -
bers. Dogw ood Bawes (conditioned by incubat
ing dried Bawes in e dambers for 30 d prior
B inttodudng te insects) were p heed am ong
te cobbls © supp Iment mayfly diets and
stmulb® te gront of tie bioffilh . Dogw ood
Baves were used because tey condition quic ¥,
and tis spedes is a conmon understory tree in
te riparian zone of tie study streams. Insects

were reconered and enumeraktd atte end of
each study and % mortaMy was detrmined.
Surviving insects were examined for backrial
grow © under a dissection microsocope -

Tw o 30-d mayfly survinalstudies were ocon-
ducd;te 1stfrom 12 dine o 14 11 ¥ 1995 and
te 2nd from 25 Sepmber © 27 October 1995.
Prior © beginning each experiment mayflies
were examined under a dissection microscope
and divided into 2 groups based on te pres-
enc or absence of backrialin®station: 1) indi-
viduall wit heaw backrialgrown® (>25% of
totalbody cowvered, incliding gill), and 2) in-
dividual witt no \Msib @ bactriall grow t .
Gross wsuallestim aks, rater tan te quant-
tative b bk -grid procdure used for presened
insects, were used t detrmine te degree of
backrialinfstaton. A bhough te \sualmet-
od was somewhat Iss predse, italbwed insect
B be processed quidk ¥ © reduc possib B han-
d lhg stress. Moreover, te experiene gained
from quantifying bactrialgrow © on hundreds
of insects from prenjous¥ colctd samp s
made iteasy ® identfy and se lct individual
mayflies w it >25% body ocowerage. Ead ®st
ing dam ber recined 5 individuall (Jine study)
or 7 indiMduall (Sepem ber study) from 1 ofte
2 groups, and each chamber was random ¥ as-
signed b 1 of tie 3 aquaria (Sokalland Roh F
1981, Tab I 1).
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TaBe 1. Experimentaldesign for survivabtudies
wit Epeorussp. Treatment: X = inkced, 0 = non-
infced, —=em pty dram ber.dine experiment 5 in-
dividua l / dram ber; Sepem ber experiment 7 individ-
uall/dramber.

Study 1 (12 dine-14 di ¥ 1995)

Cham ber
1 2 3 4 5
Agquarium #
1 X 0 X 0 X
2 X 0 0 X 0
3 0 X X 0 -
Study 2 (25 Sepem ber-27 O ctober 1995)
Cham ber
1 2 3 4 5
Aquarium #
1 0 X X 0 X
2 0 X 0 X 0
3 X 0 - 0
Resu ls
Fe B sur\eys

Nutrient conentratons in bot streams were
significanty bwer in bcations upstream of te
cattl pastures tan atdow nstream sits (Tab il
2). The density of insects, especa® Ephemer-

TABLE 2.
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optera, in te study streams was significanth
bwer (up © 66% Nss) in dow nstream reaches

where backerialgron © occurred (Tabll 3).A N
of e fie B-coMcked mayfly nymphs tatsup-

portd heaw bactrialgront were earb ©
mid-instars. H ow exer, mayfly nymphs wit out
backrial growt were representd by all BE
stages, incliding mature individuall ready ©
emerge. This patern difered for Ploopera; a
fw mature nymphs (12%) supportd heaw
grow tts of bactria. A Btaxa of insects from

reaches dow nstream of cattl pastures exhibitd

grow s of filkmentous backria; no bactria
were detcted on insecs at upstream sits.
Prexallne and degree of infstation was highest
in Ephemeroptra (Tabl 4), and te degree of
instation was greaktstin Ephemere Bdae and

H eptageneiidae (Fg-. 3). IndividualEphemerel-
Bdae and H eptageneiidas were ofen near¥ cov
ered by bactrialcobnies (coverage of inkstd

individuall = 12-89% and 22-94%, respective-
§).In each stream, tere was a significant pos-
itive associaton between % of dow nstream in-
dividuall heavi ¥ inffsed and % reduction in
dow nstream density of insects (Fg- 3)- Preve
Ine of infstation among insect orders was
simihr in bot streams butte degree of bac
trialgrov t on Ephemeroptra and Trichop-
tra was significanth greatr in Cow pasture
Riner (Tab @ 4).There was no apparentseasonall

Mean conentratons ofdissoled nutrien® (=1 SE) in 2 Mrginia, USA stream s during 1995, n=

5.Upstream denoks re€rence sits where nutrientonantratonsw ere uninfllienced by cattl pastures .Dow n-
stream deno®s si®s where grazing and deposition ofanim allw as® w as occurring ad pcentt® te stream -
probabi Hies (upstream -dow nstream com parison): ***=p<001.

Totallort oph osph a€ (mg/L)

Tot hitak (mg/ L)

Stream Upstream Dow nstream tprob. Upstream Dow nstream tprob.
Benson Run
March 002 013 i 013 141 wx
(0009) (0016) (0019) (0078)
June 005 035 e 011 155 o
(0016) . (0009) (0020) (0090)
Sepember 005 024 e 015 129 i
(0011) (0033) (0010) (0024)
Cow pasture Riner
March 003 029 e 019 166 o
(0014) (0022) (0018) (0049)
dine 005 025 015 213 "
(0025) (0010) (0021) (0013)
Sepember 002 021 e 015 178 o
(0029) (0014) (0044) (0.066)
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Com parison ofinsectdensities (mean no.ofindivduall/m ”£1 SE) upstream (up) and dow n-

stream (dow n) of cattll pastures in 2 Mrginia, USA stream s during Mara , dine, and Septm ber 199 5.ANOVA
resu ks ltFvalies for analses of bg-transform ed data (d f= 1, 17 for bcations;2, 17 for daks and bcation
X date).SignificantANOVAs (p << 005) are hoB-faced .EPT = Ephem eroptra, Plcop€ra, and Trich optra.

March dine Sepember Anova resu kb
Location
Taxon Up Down Up Down Up Down Locaton Dat x dae
Benson Run

Toa EPT 891 503 1020 698 §41 55§ 5877 0224 0782
(407) (339) (252) (322) (29 0) (187

Ephem eroptra 359 184 472 32§ 407 232 8233 0475 0143
(19 3) (110) (36 0) (21 5) (187) (24 3)

Plcoptra 290 172 311 198 330 183 5322 0296 0131
(212) (145) (200) (322) (23 8) (182)

Trid opkra 242 147 237 171 204 144 28 47 0110 0472
(26 8) (21.0) (369) (122) (184) (19 6)

Cow pasture River

Toa EPT 1288 660 1415 863 1072 703 9633 6 58 0494
(310) (11 (422) (20 3) (369) (24 5)

Ephemeroptra 572 248 615 312 503 318 126 76 0116 0735
(3 7) (273) (56 2) (187) (34 5) (169)

Plcoptra 367 175 419 282 339 247 56 77 0127 0843
(242) (12 8) (18 4) (235) (302) (16.7)

Trid opkra 349 237 381 269 230 138 19 85 519 0112
(44 3) (269) (300) (126) (19 3) (117)

difRrence in infestation o\er the March-Sep-
€tmber sam p Ing period in eiter stream .

Description ofke in€station

Taxonom ic identfication rexealld t at bace-
riaBassem b kges were com posed ofbot Sphaer-
otilus sp.and Lepfofkrix sp.Sewverall grow th
stages of backria were apparent ranging from
ear cobnist O mature forms wit exensiwe
sheatt networks (FHg. 4). Qualatinve obsena-
tions rexealld tat backrialgrowt was typi-
cal} heawviest on insect gill (ie, te bngest
backtriall sheats), but backrial cobnies wit
simihr sheatt density occurred on aMinsect
body surfaces. Under bw m agnification, te
bodies of bactria-infestd insect appeared
fuzzy or supportd a Igh tcobred fih (Fg.5).
Backriallgrow © on heavi ¥ insed (>25% cov
ered) individuaBl was easilV detcted with a
hand Enswhen insects were immersed in waer
or presenati\e . Caudalleerd of Ephemeroptra
and Plcooptra proed ®© be particu hr¥ good
for rapid saeening of backrialgrowt in te
fie B using tis metod (Hg.6).

Laboratory experimen

In bot experiment, Epeorus sp. tat sup-
portd heaw backrial grow t sufred 100%
mortaly witin te 30-d experiment@alrun. In
ocontrast mean survivorship am ong uninfsed

Taste 4. Prenallne (% ofindividuall inksed)
and degree (% ofbody conered/indinidual ofbace-
rialgrow ® on insects colced from sits down-
stream ofcatdl pastures in 2 Mrginia, USA stream s
during Mard, dine, and Sepember 1995 (based on
exam inaton of 1033-1519 individuall per order). No
bactrialinEstaton was deected atupstream siks.
Pereentages folbwed by difErent Bters were signifi-
canty diferentatp< 005, as deermined by G-&st.

Cow pasture

Benson Run Riner
Mean Mean
%o % cov- % % cov-
Taxon inEstd erage infskd erage
Ephem eropera 61 (@ 46 @ 56 (@ 5 (d)
Plcoptra 43 (h) 28 (b) 45 (b) 24 (b)
Tria optra 3 (b) 14 (c) 44 (b) 23 (b)
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% of downstream individuals heavily infested

Fi1G. 3. Association (productm om entaoorre lhtion ;=6 for Eph em eroptra, 7 for Phcoptra and Trid optra)
betw een senerity ofbactria Ein€station on aquaticinsects and degree ofreduction in insectdensity dow nstream
of cattl pastures in 2 Mrginia, USA streams sam plBd during Mard, dine, and Sepember 1895_Ead sym bol
represent amean of3 mont ¥ measures for adifErentinsectfami b ;filld symboll indicat data for Cow-
pasture River (@=Ephemeroptera, A=Plecoptera, ¥=Trichoptera) and open sym boll indicat data for Benson
Run (O=Ephem eropera, A=Plecoptera, V=Trichoptera). H e=H eptageneiidae, Ep=Ephemerellidae.

mayflies w as 86 7% (+3.3 SE, n=3) in the June
experiment and 906% (+3.5 SE, n=3) in the
Septmber study. Surviving individuall ap-
peared heaby and some had grown 1 te
pointofde\e bping wing pads .None oftie sur-
viving mayflies h ad been cobnized by bactria,
indicatng tat tere was no damber-to-cham-
ber transkr or grow © of bactria.

D isaussion
EfEck on insectsurvival

Ocaurrence ofhigh standing crops of aquatic
bactria be bw pointsourcs of organic nutrient
enridiment in stream sysems, as documentd
here, is notuncommon._H ynes (1960) described
tis condition in re ktion 1o outfalls from sew age
treatmentp bhnt near¥ 40 y ago.H e allo pre-
sentd photographs ofinsects cobnized by sew -

age fungus t atappear quit simikr 0 te con-
dition shown in Fgs-5 and 6 of tis paper.
H owever, cobnizaton of insect by near¥
m onotypic grow s of filkmentus backria ©
te exentseen in tis study has notheen we l
documentd. Moreover, te possibi By of using
tis phenomenon as a bioassessment tollhas
not prenjous ¥ been inwestigakd . My data in-
dicak tatsua grow ts infllena insectsurviv
aland, tus, haw important biobgicall conse-
quences.-Isuggesttatte occurrene ofepizoic
bactrialcobnization can be a usefu l quic in-
dicator of point or non-pointsoure nutrient
enridment

Resu b of tis inwestigation suggest a cause-
efEct Ihkage between nutrient Ihe I, backrial
grow t, and insect mortaly. Nutrien®t were
significanty and oconsisenth higher in stream
reaches afced by animallw ases from grazing
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FiG. 4. Scanning e Baron m icrograph s ofgi B ofEpeorus sp. i Bistrating ear ¥ (b) and advancd (a, €) stages
ofbace ria lcobniz ation by Sphaerotilus sp. and Leptothrix sp .Phe d sh ow s norm aluncobnized gi B.Inkstaton
ofte degreeshown in phes a and c was associakd wit 100% mortalMy in Bborabory survival studies. Scal
bars = 200 pm.

Restock, whidh were e onk bcations where
baceriallgron © on insects occurred . Resu kb of
te suninalstudies suggest tat mortaly as-
sociakd wit te backrialgrownt can haw a
mapr infliene on steam insect popu ktions.
For exam p I, mayflies from te fiel sampls
were heavi ¥ cobnized by baceria, (e g, up ©
58% of H eptagenciidae). In e Bboratory ex-
periment alof tie heavi¥ inksked mayflies
died, whereas >85% of t ose wit outhactrial
grow © survived and appeared 1 be heaby.
The density of mayflies in te study streams
was significanth bwer in reaches where back-
rialgrow © occurred (Tab B 3), and tere was a
significant positive associaton between te de-
gree of backrialinfstation and te exent
whid insect popu ktions were depressed (Hg-.
3)-Moreoner, none oftie fie B-colcted nym phs
t at suppored heaw backrialgront were ma

tre. Howexer, nymphs without bactrial
growt were representd by all B stages, in-
cliding mature individual wit we Hde\e bped
wing pads, whid suggest tat heail¥ cob-
nized indinviduall were not survving © emer-
gence .

A bough backrialgrow t suffident o akr
bentic insect com m unities is easy O de®ct -
sual¥, initaldexe bpmentofte conditon may
be rater insidious because on ¥ m odestinareas-
es in nutrient are necessary. Resulk of tis
study (Tabl 2) as we Mas earler work (Lem ¥
1982) indicak tat nutrientpoor streams tat
recive input suffident © shift nutrient status
on exen a smalscal (ie, bcalinaeases of
0.05-0.1mg/L phosph at, 0.5-0.8 mg/L nitrat)
are wu berab B. Thus, itis not neassary for a
stream t© be gross¥ politd for bactrial
grow © © de\e bp on residentbentic insects.
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Fc.5. Appearanc ofbackriallgrow @ on Blepharicerasp. collced from Cow pasture River, \iew ed at15X
m agnification (immersed in 80% et anol.The individuallon e Bft(from an upstream refrence site)is free
of i lm entous backria, whereas te indinviduallon te righ t(from a nutrientenridied si€) suppor® heaw
grow t of Sphaerotilus sp. and Leptothrix sp. Scall bar =15 mm .

Fc.6. Characeristicappearanc ofh eawy baceria lgrow ¢ (>25%body covered) oncaudal e rd ofa mayfly
\Mew ed ati5xXm agnificaton (im mersed in 80% et ano §.Backriakheat s can be seen extending outw ard from
te ard.Infstaton oftis magnitude w as associatd w it 100% m ortaHy ofmayflies in Bborabory studies.
The condition can be diagnosed in te fie B using ahand Enswit 10-15X m agnification.Scall bar =3 mm .
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Use in bioassessment

Practicalapp bcation of backrialinfstation as
a bioindicator of nutrientenriamentin a fie ll
setiing requires on¥ a hand Ens wit 10-15X
m agnification. QuaHatixe sam p s of insect
can be \ewed on-sit, albwing a saeening- v
e Ifie B assessment® be conducted witin min-
utks.

Presenation ofinsects in et ano lor form abn,
or m anipu ktion ofinsect wit coMction equip-
mentsud as brushes and foreps do not dis-
bdge te backria. Consequentd, se\erity ofin-
fstation can be confirmed in te HRboratory
witout bss ofdata.Archined samp s colcted
as part of a bng-€rm m onitoring program or
otier researdr purposes can allo be evallatd .
Immersing individuallinsects into w atr or pre-
senative suspends bacerial ilment atiached
 te Rtraledges of te body for easy recog-
niton, partculbr¥ on te caudal fibkment of
heav ¥ infstd Ephemeroptra and Plooptra
(Ag. 6). Individuall whose bodies are >25%
oovered by backria (ie, te Kl associakd
wit 100% moralMy in my Bboratory experi-
ment®) can be rapid ¥ detcted in te fiel or
Rboratory.

The metod can be easi¥ app ked t fresh or
presened bentic samplls colcked using te
EPA Rapid Bioassessm ent Protoco l(RBE, PR& in
etall1989), whid is wide ¥ used by fishery bi-
obgist in te soutiern Appabchian region and
elewhere in e USA.The RBP was dew bped
for app kcation o stream s and riners, and focus-
es on num ericallre ktionsh ips betw een Ephem-
eroptra, Ploopkra, and Trid optra O assess
wheter a bentic macroinnerebrat ocomm u-
nity is heaby or impaired. These 3 orders of
insects are allo anong te best © use in de-
tcting grow ts of film entous backeria. Positive
diagnosis of backriallgrow @ can strengtien
RBP anabses by identifying a probabl cause
for im paired m acroinnertbrat com m unities,
and itan he b 1 focus subsequent in\estiga-
tions because nutrientenridmentis indicakd as
a mapr contributing factor. The sim p ldty and
speed oftte met od albw it be incorporatd
into te EPA RBPwit HKtl additionallefforthy
tose conducting stream sun\eys.

My data suggest t atbackriallgrow © on in-
sects can be a practicaltoolfor identfying te
exisence of non-pointsource nutrientinput
into stream systms, as we Mas evallatng te
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sexerity of biobgicalim pacts from known
soures.Sud inform ation provides a 1stsep in
te impImentaton of remediation programs 1
initat stream reconery. Many Bnd uses can
ocontribut t© ¢ Ivatd nutrient in streams.
H owe\er, organic and inorganic nutrient asso-
datd wit agricu Bbure probab ¥ pose te great
est treat o collw akr resourcs in te Appa
kah ian Mountain region. For exam p I, Restock
w as®s contain high conentratons of nitrogen,
ph osph orus, and am m onia, which are easi ¥
dissolled in rainw atr and washed into streams
from pastures and feedlots (H rubantetal 1978,
H rubant and Detroy 1980). In-stream nutrient
and bactrialconentrations can dange dra-
m atical® in response  sud runoff (Sephen-
son and Street 1978, Lem ¥ 1982, tis study),
ullimat ¥ resu ling in detrimentaleffct t©
bentic organisms tatsene as a food resource
for im portantsportfish sua as brook trout W a-
tr-quallty probIms associatd with grazing
Restock are penwesive in te souteastrn USA
(eg, Yow 1996).A Bbwing cattl 10 graze in te
riparian zone ke ¥ phyed a mapr roll in te
biobgicalefEcts obsened in tis study.

The US Forest Senie and otier fderalland
stak agendes haw dewe bped and impUmentd
best m anagem ent practices (BMPs) for forestry
and agricu luraBactivities . A b ough BMPs h awe
been widel} impEmentd, tey are seBom
monitored © detrmine teir bng-€rm sucess.
Recentrevews by tie ForestSenvce haw iden-
tified te need © exallak te efEctiveness of
BMPs in meeting w akr-quallty goall and obgc
tines (Dissmeyer 1994). Resulb of my studies
hawe direct app bcation 0 tese effort . Assess-
ing bacteriallgrow © on insect shoull be a use-
fuled nique for exallating te efRctinveness of
BMPs in controlhg nutrient associakd wit
forestry, agricu Bure, and oter Bnd uses.
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