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Abstract.

Road runoff contains a complex mixture of contaminants including metals, anions, and
hydrocarbons. This runoff discharges into natural water courses which are often small
streams. The concentration of these chemicals in the drainage water and receiving
stream depends on a number of site specific characteristics such as traffic volume, area
of road drained and size of the stream. It was postulated that these pollutants have a
deleterious affect on macroinvertebrate community structure which would result in
subsequent effects on macroinvertebrate function (i.e. litter processing). Further, it was
hypothesised that impacts would be greatest in small streams, receiving drainage waters
from large areas of heavily used motorway and that only a limited number of chemicals
would be responsible for any effects.

Field surveys demonstrated that macroinvertebrate community structure and function
was impacted at one of the three sites studied, namely Pigeon Bridge Brook. The
downstream station at this site received motorway runoff drainage from the largest area
of road surface, was the smallest stream and had the highest metal and hydrocarbon
concentrations in both stream water and sediments (Maltby et al., 1995a).
Macroinvertebrate species richness and diversity were significantly reduced below the
discharge. Species generally considered 'sensitive' to pollutants such as stoneflies,
gammarids, molluscs and trichopterans were reduced in relative abundance whilst more
'‘tolerant’ opportunistic species such as chironomids and tubificid worms increased in
relative abundance downstream of the discharge. An assessment of the trophic
composition of the community (i.e. functional feeding groups) indicated that there was
a differential loss of functional groups, with significantly lower relative abundances of
shredders and scrapers and an increase in collectors downstream of the motorway
discharge. The changes in both the structure and trophic biology of the
macroinvertebrate community resulted in a significant reduction in macroinvertebrate-
mediated leaf processing downstream of the motorway discharge.

Although field surveys indicated macroinvertebrate community structure and function
were negatively impacted below the motorway discharge at Pigeon Bridge Brook they
cannot establish causal relationships. In-siru and laboratory studies were therefore
performed to address the mechanistic basis for the impact. In-situ and laboratory
lethality exposures did not fully explain the field distribution of the species used in
toxicological studies; Gammarus pulex (L.), Nemoura cinerea (Retz.), Potamopyrgus
jenkinsi (Smith), Chironomus riparius (Meigen) and Tubifex tubifex (Miiller). In acute
lethality tests stream water from Pigeon Bridge Brook was not toxic to any of the
species. In contrast, G. pulex and N. cinerea showed slight, but significant mortality
when exposed to downstream sediment from this site. Sediment manipulation and
sediment solvent and acid extract exposures indicated that the solvent extractable
fraction of the sediment was responsible for this toxicity to G. pulex but not to N.
cinerea. These results indicated that aromatic hydrocarbons in the sediment may be
responsible for the toxicity and this has subsequently been shown to be the case (Maltby
et al., 1995b).
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Since lethality studies did not fully explain field distributions of the animals sub-lethal
toxicity avoidance behaviour tests were employed using sediment, manipulated
sediments and sediment extracts. The sensitivity to downstream field sediment,
indicated by avoidance decreased in the order P. jenkinsi > G. pulex > C. riparius> T.
tubifex = N. cinerea and to a solvent extract of this sediment in the order G. pulex > P.
jenkinsi > C. riparius > N. cinerea > T. tubifex. Acid sediment extracts and solvent
extracted sediments induced no avoidance responses in these animals. *

Gammarus pulex was thought to be the dominant shredding macroinvertebrate at
Pigeon Bridge Brook. Reductions in macroinvertebrate-mediated leaf processing could
therefore be the result of sub-lethal effects of motorway contamination on the feeding
activity of this species. In-situ exposures indicated that the consumption of leaf matenal
by G. pulex was reduced at the downstream station and laboratory exposures indicated
this was principally a result of sediment toxicity. Sediment extract exposures indicated
that the solvent extractable fraction was again responsible for the majority of this effect.
Accumulation of metals and aromatic hydrocarbons on the leaf material had very little
effect on leaf consumption or choice. However, reduced colonisation of leaf matenal by
aquatic hyphomycetes reduced both leaf choice and consumption when the material was
conditioned at the downstream station. The major uptake route of aromatic
hydrocarbons by G. pulex was via aqueous sources and not from food.

In conclusion motorway derived contamination in small streams has both lethal and sub-
lethal effects on some macroinvertebrates. This affects macroinvertebrate structural and
trophic characteristics which subsequently have a deleterious effect on important
ecosystem functions.



NTENT

ACKNOWLEDGEMENTS .....ciciiiiiieeeiecssscsneeisssessesassesssnnsssssssssssssssassesssssessossssssssssssssssses 1
ABSTRACT auaaariiiiiiiiiiniinninitiecessncssssssssaressesssssesssssssssssssssssssesssssssssssessssssssssnssssssssssssssnes 1

HAPTER 1

GENERAL INTRODUCTION

General INTOAUCHON .....cceceiiereirenrsssrneccssresssssessnsosssssssssssssssssssssssssssasessssssssssasssssssens 1
1.1 Hypothesis and APproach .........ccveeineecnecensseessnsecsancsssscesssessens 8

HAPTER 2

COMMUNITY STRUCTURE AND FUNCTION.

2. 1. INtTOQUCHOMN. . uutirtirerincsicssanecnsecsnaessansssnessasessrsssssssssssssssssnsssssessnssssasssnassassasssses 10
2.1.1. Objectives and apPproach........ceceeceseeceesssecssesssessasessessresssessasss 13

2.2. Materials and METHOMS. ..cuu.eeeevereeessreesresseesseesssessessssssssssssssssesssssesssesssnssssasen 15
A. PrElIMINATY SUIVEYS...cccveeierisssrenesssssssnssscsssssssssssssssssssasssossssssssssssssssssasessse 15

2.2.1, S1tE ACSCTIPLONS. c.vveeererrrrerecsssseessssssarsssssasassssssasessansassssssssssss 15

2.2.2. Sediment PartiCle SIZE.......cccevrrerererrrnnerssrsrenesssnarasssssssssssstassases 16

2.2.3. Macroinvertebrate community StrUCLUTE. ....ccecesessncensssnssssaesenss 20

2.2.4. Aquatic hyphomycete community SITUCLUTE. ...ccccruessessnesaroseanns 21

2.2.5. Leaf litter PrOCESSING. ..veerrererrarereneersnserssnessassosssssssesssnsssssssnasses 23

B. Further work at Pigeon Bridge Brook.
2.2.6. Macroinvertebrates and aquatic hyphomycetes

associated With 1eaf Material.........ouceeeeeereerseercescssesessssessessssssesissssss 20
2.2.7. Assessment of fungal biomass (ergosterol) on leaf
MALETIAL cccoerrriiiirrnrecnsnnercsarnecssaresssssanesssassssssnnsssssnsssssasssssssasssnassssnans 26
2.2.8. Microbial activity on leaf material........ccccersaeeecessaneescssanssscssnass 27
2.2.9. Leal deCOMPOSILION. euuvvrererersrsesssssssssssssssssesossssssssssssssssesssanasses 28
2.2.10. StatiStICAl ANAlYSES....ieerreeersreerssreesssaressrassssnsessraassasssssnsassnssss 29
2.3, RESUILS.ceiiiuiieiiiinstnnccsinnnecianeenanessansssnsosssssssascssssessssssssesssssssssnsssntesssssssssssssesstsss 30
A. PreliMINary SUIVEYS. .ouiiuiceciissereessneerossessessescescnssssssessssossensossssassssesssasansns 30

2.3.2. SedAIMENt PATtICLE SIZ€..ueeueeueereerreeeeressisseessssessessosoreossensorsssesses 30



\4

2.3.3. Macroinvertebrate COMMUNILY SIIUCLUTE. ..veeeeeeeeerercesarnsssssesee 32
2.3.4. Aquatic hyphomycete cOmmunity StruCture. .....ceeervereererseeeene 38
2.3.5. Leaf lItter PrOCESSING. coveveceerrrsrneeesecsssneenessssssanasassssasassssssssasens 39
B. Further work at Pigeon Bridge Brook. .....coucccnuiennnreeecescesssssssssanesseasases 40

2.3.6. Macroinvertebrates and aquatic hyphomycetes
associated with leaf material........coccveeeeeeeceecrcrssnaarencscsssssnnsasesccssesses 40

2.3.8. Assessment of fungal biomass (ergosterol) on leaf
IMALETIAL . cuvrercrnneereeeeaececessssesrnnransararstesssasascssssosssssssssansssssesssssssesenans 43
2.3.9. Microbial activity on leaf material........cccecvccrnssacescccessssscsssasees 44
2.3.10. Leaf decOMPOSItION. ....ccveveuiieusssssnsssasssssssasssssssisssnsusssnsasesenns 45
2.4, Discussion. .......................................................... 47
2.4.1. CONCIUSIONS. ...coieiieecerenrenssrcsrnnresssseasaessessssssssnsssssssssssessssssssens 54

HAPTER
LETHAL TOXICITY OF RUNOFF-CONTAMINATED WATER AND
SEDIMENTS.
3.1, INIrOQUCHON. ccccciraiiesircsanecssnnencersasteccssrsnnenssssasssesasssnsnesssssanasasssssasnasssssssssssnsns 56
3.1.1. Objectives and approach.......ccececceeeccececccessrcsssesereossssnssssssansens 63
3.2. Mater1als and MeEthOds......eeeeeeeerrcnncnenneecnsssesssseeescessssassassssessssssessesssssssssasssses 64
3.2.1. Source, collection and maintenance of test |

ANIMALS. «.ceeiieiirrreeeerrsrsteeesssssseeesssssasesssssssaesessssaasesssaasssssssanssessassssssons 64
AL IN-SItU CXPOSUTES «eevererrronossssassesecssssssesssosssasssssosssansoressssnsssnsssssssaranssssssass 64
3.2.2, IN-SitlU CXPOSUTES. ceeeeeeersssnaeresrssassssesssssasasssssssassessssssanssssssssssses 64
B. Laboratory toxiCity eXperiments. .....eeeeeeeeeeeccaces essesasnsassasnstsnssasnasussanass 65
3.2.3. SrEAM WalCT. ccecieererenesensesscssassssssessassssassssassons eveesesaeenssnsaen 65
3.2.4. Field SEdIments.....cccccveiecsnrcerssntecsessasssssserssssssnasessrsssssssassosenses 65
3.2.5. Manipulated SEAImENts. ..cccevsreerccssnseccssesensesssssansscssensrssssasasces 66
3.2.6. Dichloromethane (‘solvent’) sediment eXtract. ....ceeeeececscssssececes 67
3.2.7. Acetic acid ("acid’) sediment EXIracCt......ccceeeceeencessssansorsosssscses 68
3.2.8. ChemicCal analySes. ..cuuveuruerreeierereeesseesseeeessessassasssssssssssessssssssses 69
3.2.8.2. MELalS..ccciciircneeniinnnnsisiennensssneessssssncsssssssssnsasssanassssess 69
3.2.8.b. Total aromatic hydrocarbons..........ceesesisnesansasssssnne 10
3.2.9. Statistical analyses Of data. .......eeesreerseecsecsensssesssasassssssssessseses 71

3.3, RESUIS.cciceriiininiintieicninecennaeecsssesesssseessssnsssssssnsssssnss sosssssssessssessssssasssssases 72



vi

A. IN-SitU EXPOSUTIES. cevererrreresscessssorssessssssensenosnens ceeeracencenares saesssesssenssensencosses 72
3.3.2. IN-SITU EXPOSUTIES. cueeeerrreeseresesssssrssssssssssnsassssessaseessosssssssssssnnnns 72
B. LabOTatOry tOXICILY tESIS. veeeceressacesesssssaserssssrasasassssssssessssssssassasssssnsansns 74
3.3.3. SHTCAM WALCT.....uuuereeerrrrneeessssnaresssssasaesessssasassssssssesssssnssssssnsaans 74
3.3.4. Field SEAIMENLS.....cccccviveeiiiinnnneresssssnnnessssssasessessonseesesssssasssssnns 75
3.3.5. Manipulated SEAimEnts. .....cceeeersnrerenercsscssaseerassssssansaresssssssaass 76
3.3.6. Dichloromethane ('solvent’) sediment eXtract. ......oevecsesarsecsesens 78
3.3.6.2. EXpOSUre of G. PUIEX. .....cceeeeeereeeeneenenreseresnesesansseaseen 78
3.3.6.b. Exposure of N. cinerea, P. jenkinsi, C.
riparius and T. tUDIfEX. cccceveesreeserssasssessessssnssnssescssssassassssssans 80
3.3.7. Acid (metallic’) Sediment EXIIACt eveeeeereersserssssesararereasesssessasans 82
3.4, DISCUSSION. «.uuveiicsinnecscssantensantesssssanesssssesssssssossssssassssassssssssnasssssansnssesssasasssansasss 84
3.4.1. CONCIUSIONS. ...eveerrrreenrrerssensssanssssseccssnsesssanesssasssssessassssssssssses 01
- CHAPTER 4.

SUB-LETHAL TOXICITY OF MOTORWAY RUNOFF
CONTAMINANTS: I. AVOIDANCE BEHAVIOUR.

4.1. Introduction............... ST, y— certetineresaetetesasenesneresastssaistsstsantssaaes 93
4.1.1. Objectives and approach..........eeceeecneeeeeeeecccressosssstassesssssansanes 96
4.2, Materials and MeEthOdS......ceceerernnineniecerisssneesecssessssssrssssssssssesssssssssssssssssssssssssanes 08
4.2.1. Field and manipulated sediments........cccerveecneessonsessssssnecsensesases 98
4.2.2, SCAIMENE IMIXTUTES. .ccccerirreeeesssssrreatecssssssssanssssssssrssssesssssasssssnss 99
4.2.3. Sediment eXtracts...ccceeeeeerenss teeseressseserssssssesssaressesssssseantnrsererere 101
4.2.3.a.) Dichloromethane (DCM) sediment
EXITACE. ceeeeeeeennreeeeerenneesssececeassrsensessossasserassrsssssssssansassasonsasssss 103
4.2.3.b.) Acid (acetic) sediment €XtracCt.......ceserserrsssssessessascans 103
4.2.4, SPIKEd SEAIMENLS.ccveeeerrereeceeossessssssssssssssnsssasnesssssssassssssssssassoses 103
4.2.5. StatiStical ANAlYSES....ccersrsrssssreereeesescessssssrsssssasantssssosssssssssassasas 104
4.3, RESUILS.c.cuuuririicirirernicetonssnnnestessssrsessssssssssnassssssnsesnssssssssansasssssssasasssssssasssssssasssss 105
4.3.1. Field and manipulated sediments......ccececveeeceerssnseecessenassssssssssens 105
8.3.2. SEAIMEN MIXIUTES. 1vvvvvvereserereneesenseseaseassssmaanmsssessssssssssssssesseses 108
4.3.3. SCAIMENL EXITACES. veevrerrreereeereersesesseseosseassresssssssssesssssassssssassness 111



4.3.3.b.) Acetic acid (‘acid") sediment €Xtract. ve.eeeeeeeemnneesnnnnns 114
4.3.4. Spiked SEdimENtS.....cccceeenseeresssnneccsreressssareesssssressonsasssssansessanens 115
4.4, DiSCUSSION. «.ceeererernennennens eeeseseerresesttanssseanattesestresetttntetsereresettesseserssesarsrasesnrasnas 117
4.4.1. CONCIUSIONS. ..cccurereeerrrnrensrssnesssssenesssssasnesssssasesssssnassessssaasssssns 121
HAPTER
SUB-LETHAL TOXICITY OF MOTORWAY RUNOFF
CONTAMINANTS: II. FEEDING.
3.1, INTOAUCHON...cceercrereccreentreenennetesnnssnsiinnsssstissssesssssessssasssssasssanssssnssssnass 123
5.1.1. Objectives and apProach.......ceeeeeeeeeneccssessssssssansessresessssssnassases 125
3.2, Materials and MeEthOdS....uieeecinteecccsinneecsesssseneissssacassssssnesessssssnsasssssssassssssssssssess 127
5.2.1.a.) Source and collection of Gammarus pulex and
alder leaf material........cvvereeereeeennesccrsssccsscsssssnssecessenseserencssesesssessses 127
5.2.1.b.) Preparation of Cladosporium sp. -inoculated
JEAL AISCS. suunriecisssscnnreccrarsantserecercrnnssensesssssenssesassssnsessassasssssnstsssssonsasns 127
5.2.1.c.) Preparation of naturally (stream) -inoculated
1AL dISCS. cecerneiirrrarecersrrecrsrnnecssraneecsssnaeessssnnsessnsasassensssssssassasssnssssssens 129
5.2.2. General methods: field.....caiieeeieeiiiieceecceniecccssessssssssssesssnsseaseess 129
5.23. In-situ leaf consumption: I. upstream/
downstream dePlOYMENL. ....ceuuerecerreerrerecrseccesaasssassessoscsssesssssasssesssass 129
5.2.4. In-situ leaf consumption: II. reciprocal transfer
EXPETLITICNLS. 1uvreereecrssassnseesssssssasersancsssssssacessssssnanassssssansasessssssssssssssans 130
J.2.5. General methods: 1abOTatory. w.ieicsinsesseessssssssssisssnnssnssasesess 131
5.2.6. Effects on food quality: I, SIream WAater. .....ueecessssrsessesssssesss 133
5.2.7. Effects on food quality: II. stream sediment. ...ceeeescseasssesccssane 133
5.2.8. Effects on food quality: IIL. in-situ conditioning. «.......eesessseeees 134
5.2.9. Effects on consumption: 1. stream sediments. ..ccceseesecsscsnsacscses 134
5.2.10. Effects on consumption: II. sediment eXtracts. ....cccceeeeescanasess 135
5.2.11. Calculation of eﬂergy bﬁagei COMPONENLS..ceisssssrrsssorssssssesases 137
5.2.12. General methods: leaf ChOICE. .......uuvvvveeerseeeeeseeesrecssccsssssesseses 138
5.2.13. Effect on leaf choice: I. stream water and
SEAIMENT PIE-CXPOSUTE. «oiiruennreererereceeresssensessssssesssosssssssssssssssssssasssss 139
5.2.14, Effect on leaf choice: I1. in-situ conditioning. .....ceeeesseessecnces 140
5.2.15. Effect on leaf choice: III. sediment eXtracts. .......ccereeecsvecsavees 140

5.2.16. Uptake route of motorway runoff pollutants. .........eeesseessesess 140



5.2.17. Statistical analyses Of data. ....c.cceueeererncreereeeeennennnnnerecssecsessnses 142
5.3, RESUILS . cciiieiiiiiieiiiiicinennriicrsissennreonssesessssssnssssssssnesssssssssesssnenssesesssssssassassessssnnsse 144
5.3.3. In-situ leaf consumption: I. upstream/downstream
e PIOYIMNENLS. cccuueeieriereceiernreccsteneiseesseccesssscsersssesssssssesssssessssssasssssannasss 144
5.3.4. In-situ leaf consumption: II. reciprocal transfer
EXPETIITIENLS. ceeeveeecererresssccasasassnssessasssssssessesssssssssssaassssssessssssessassssssaee 145
5.3.6. Effects on food quality: 1. stream Water. ......cccvirnenieniciiiiinannes 147
5.3.7. Effects on food quality: II. stream sediment..........ceeeeerinvenenree 149
5.3.8. Effects on food quality: IIL in-situ conditioning. «....eeeveeecsencs 153
5.3.9. Effects on consumption: I. stream sediments. ...ceeereerviesescnsens 156
5.3.10. Effects on consumption: II. sediment €Xtracts........ccceceveeneees 158
5.3.13. Effect on leaf choice: I. stream water and |
SCAIMENT PIE-CXPOSUIE. cevvereceressresessersnssssssssssosssssssssarssssssssssssasssssasass 163
5.3.14. Effect on leaf choice: Il. in-situ conditioning. .......ccecveevereeces 164
5.3.15. Effect on leaf choice: III. sediment €Xtracts. ...ceeseseeseseeesenneses 165
5.3.16. Uptake route of motorway-runoff pollutants........cccceeeeeeicceaes 166
5.4, DISCUSSION. ceeeerereeerrerneersssneesessaseessssssssssssssassssssssessssassassssssssssssnssssssssssssssssassssss 170
5.4.1. CONCIUSIONS. ceiieierincnesiecerssssnensessssssnsnsssscsssssasasessssassanssssssssss 179
CHAPTER 6,
GENERAL DISCUSSION
GENETal diSCUSSION .ueuvrererrsersessessssnssssstsssrsessenssassssssessrssssssssssssssnssarasssssssssssessssssesseses 181
APPENDICES

Appendix A2.1: Summary of stream water and sediment chemistry over the period

October 1990-July 1991..... . eciereriicsoiersanecssssssesseccssssssssssssasssssesssssssssansssssassssscee 191

Appendix A2.2: Macroinvertebrate taxa present in streams receiving runoff from the

M1 motorway and sampled over the period October 1990- July 1991....ccccvvvcnissisuncne 193

Appendix A2.3: Relative Importance Values (RIV) for hyphomycete fungi colonising

leaf material at sites upstream and downstream of the M1 motorway. .....ccevcessecsnsccasess 195



ix

Appendix A2.4: Relationships between the mean number of macroinvertebrate families
or abundance of individual species at the sampling stations and concentrations of

total aromatic hydrocarbons or lead in the sediments downstream of the motorway
AISChATZES. «ocieerrrerruenieernrsansrectsessresssaneesseseesassssssssansenses reeseetserresssteentrssesssnressareessanneses 198

Appendix A3. Recipes for artificial pond water, malt extract broth and enriched distilled
WALET. ceeureeeceereesensersssssssssesassassesasssanssssssssnsssssesssssssesssstsssesssstssssssssssssssssssssssssssssssssassssss 199

Appendix AS5.: Wet-weight/ dry-weight relationships for leaf material used 1n in-situ
and laboratory consumption and food ChoiCe €XPETIMENLS vuvuiieiieerrreerecssssssssnsasaaeancccans 200

REFERENCES

R T IS o e eeeeerecessesessessescsssssssosssssssssssesssssssssssssesssssssonsnssssseses eeesessncensssssssssensessesess 2]



CHAPTER 1,
GENERAL INTRODUCTION,

Road vehicles are a major source of a wide range of potential pollutants including
particulate material, metals, anions and organics (including hydrocarbons; Table 1.1).
These are derived from a variety of sources including exhaust emissions, tyre wear,
brake dust and road wear (Hildemann et al., 1991). Although a proportion of these
substances may enter the atmosphere and become associated with atmospheric
deposition (Gjessing et al., 1984b; Ball et al., 1991; Adachi and Kobayashi, 1992) the
majority (>95%) are deposited on or near the road surface where they become
associated with particulate material (Zurcher et al., 1980; Hamilton et al., 1984,
Harrison and Johnson, 1985; Post and Beeby, 1993). Consequently, road dust 1s a
complex mixture of vehicle exhaust condensate, lubricating oils, hydraulic fluids,
coolants, fuel oils, vehicle load spill, tyre particles, brake and clutch wear particles and
deicing chemicals, in addition to atmospheric fallout, road surface particles and soil
(Sartor and Boyd, 1972, 1975; Bourcier et al., 1980; Perry and Mclntyre, 1986;
Takada et al., 1990). The majority of this particulate material accumulates at the road
edges and is either washed off the road into gravel filled ditches (french drains, open
systems; Wignalt and Kendrick, 1981) or collects at kerbs and runs into gullies via a
gully grid (closed system). Both systems connect to pipe networks which then
discharge into natural water courses which are often small streams (Sartor and Boyd,
1975; Brunner, 1977). Discharges from closed systems may have concentrations of
many pollutants an order of magnitude greater than open systems (Dupois et al., 19835;

Stotz, 1987).

The contamination of stream systems by runoff from road surfaces therefore presents a
significant source of potential pollutants (Perry and Mclntyre, 1986). Some studies
have suggested that although roads may occupy only 5-8 % of an urban catchment area,
road drainage can contribute as much as 50 % of the total suspended solids, 16 % of
the total hydrocarbons and 75 % of the total metal inputs to a receiving stream (Ellis et
al., 1987). The pollutant load, in-stream concentrations and the subsequent effects on
the stream biota are site specific. Important site-specific characteristics include traffic
volume, length of motorway drained, road design and maintenance, drainage systém,
surrounding land use, accidental spills and the size of receiving water body (Kobriger e?
al., 1984; Mudre, 1985; Stotz, 1987; Bellamy, 1990). The pollutant load may also
exhibit temporal variation. For example many studies have demonstrated that the
pollutant load entering a stream 1n any particular storm event is dependent on traffic



flow during, and length of, the antecendent dry period (Colwill et al., 1984; Jones and
Tinker, 1984, Perry and Mclntyre, 1986; Hewitt and Rashed, 1992). |

Table 1.1. Inorganic and organic contaminants in road runoff and their common
sources.

—_—_— - T U T CEE— R N —————— LT —— ———— T S S — sl E e —u L

-_

i ————— e S —— T T

SUSPENDED Exhaust condensate, road surfaces, soil, atmospheric
SOLIDS fallout, traffic load loss vehicle wear
METALS
Zinc Tyres, underseal, lubricants ' 1-8, 10-12, 18-21
Lead Fuel, tyres, brake linings, underseal, lubricants, bearings
Cadmium Plated surfaces, tyres, diesel oil
Copper Brake linings, tyres, bearings and bushings, deicing salts
Chromium Tyres, brake linings, plated surfaces, steel parts,
deicing salts
Nickel Tyres, brake linings, underseal, steel parts, diesel oil,
deicing salts, road surfaces, bearing bushings
oil, deicing salts, road surfaces, bushings
Iron Road/bridge structures, steel parts, engine and car body
Magnesium Engine wear, brake linings
Calcium/ Sodium Dcicing salts
Aluminium Engine wear
Manganese Moving engine parts
Titanium Tyres
Tungsten Tyres, Steel parts
Platinum Steel parts, catalysts
Vanadium Steel parts
Molybdonen Steel parts

Barium
ANIONS
Bromides
Chlonde
Sulphates
Phosphates
Nitrates
Ammonia

Asbestos
Cyanides

ORGANICS

Polycyclic aromatic Combustion products,
hydrocarbons

Aliphatic hydrocarbon } Lubricants

Alicyclic hydrocarbons | Lubricants
Polychlornnated Tyres

biphenyls

Pesticides Verge weed control

Fatty acids Lubricants, road spillages

Surfactants

Lubricating oil

Lubricating oil, exhaust condensate 11, 15, 16, 20

Lubricating oil, deicing salts

Lubricating oil, roadway beds, fuel, deicing salts
Lubricating oil, roadside fertilisers, lorry load loss
Lubricating oil, roadside fertilisers, lorry load loss
Roadside fertilisers, lorry load loss

Clutch and brake linings

Decicing salts

Additives
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1. Sartor and Boyd 1972 2. Hedley and Lockley. 1975 3. Shaheen 1975 4, Brunner 1977 'S.
Laxen and Harrison, 1977; 6. Christensen and Guinn, 1979; 7. Bourcier et al., 1980; 8. Van
Hassel et al., 1980; 9. Ziircher et al., 1980; 10. Cole et al., 1984; 11, Kobriger, 1984; 12.
Harrison and Johnson, 1985; 13. Hoffman et al., 1985; 14. Ellis, 1989; 15. Bellamy, 1990; 16.
Ohno, 1990; 17. Takada et al., 1990; 18. Scanlon, 1991: 19. Amrhein et al., 1992; 20.
Environment Canada, 1994; 21. Wei and Morrison, 1994,



In general, road runoff raises the conductivity, sediment loads, metal and hydrocarbon
concentrations in receiving streams (Bellamy, 1990; Baeckken, 1994). Most of the
contamination 1s inorganic mineral-like matter although this contains appreciable
quantities of organic and inorganic toxicants (Sartor and Boyd, 1972, 1975; Zurcher et
al., 1980; Bellamy, 1990). For instance, Cowley (1985) found Zn, Pb and Cu
concentrations were elevated in a runoff-impacted stream and Bellamy (1990)
concluded that suspended solids, BOD, conductivity, ammonia, nitrate, phosphate,
chloride and Pb, were all elevated downstream of a motorway runoff discharge in an
oligotrophic upland system. Despite the potential impact of these discharges on the
biota of receiving waters relatively few studies have assessed the effect of the road
runoff on freshwater communities and none has investigated the implications of changes
in community structure for ecosystem functioning.

Shaheen (1975) suggests there are two plausible mechanisms by which urban/ road
runoff could threaten the physical, chemical and biological integrity of an aquatic
ecosystem. First a shock-loading effect may occur during periods of rainfall or thaw
when settled and suspended solids, toxic materials, nutrients and oxygen demanding
substances suddenly enter a watercourse. Initial drainage flushes from roads generally
bring in the more soluble components of the runoff (e.g. Na, Ca, Mn, Cu and Cd,
chlorides and sulphates) with constituents associated with particulate material entering
later in the runoff event or during later, more intense, events (Harrison and Wilson,
1985b). Because these episodes of runoff occur repeatedly, more or -less permanent
changes in an aquatic habitat may appear which in turn produce corresponding
alterations in community structure and function. Secondly, there may be a more long-
term affect associated with contaminants that settle and accumulate on the stream bed.
These contaminated sediments may act as a reservoir of slowly mobilised toxic
substances exerting a persistent stress on the system. It is this second mechanism which
will be the focus of the current study.

Stressed ecosystems have been shown to exhibit certain predictable changes
community structure (Sheehan et al., 1984; Schindler, 1987) and methods have been
developed to characterise these effects (Washington, 1984; Schaeffer et al., 1983,
Metcalfe, 1989). Most usually species diversity decreases and dominance Increases
(Odum, 1985). Changes in community structure often have subsequent important
effects on ecosystem function including primary productivity, decomposition and
nutrient cycling (Pratt, 1990). For instance, rates of decomposition may be reduced

resulting in decreases 1n the efficiency of resource use with the subsequent loss of
nutrients from a system (Odum, 1985).



The two main sources of energy in streams are photosynthesis by aquatic plants within
the stream and decomposition of organic matter, mostly leaf fall, from outside the
stream. Several studies have suggested that detrital material, particularly leaf litter is the
major energy source i small streams (Vannote et al., 1980; Naimo et al., 1988) and
may account for up to 99 % of the annual energy budget (Fisher and Likens, 1973).
The breakdown of leaf litter in streams is brought about by a combination of chemical
leaching, microbial colonisation and decomposition (i.e. conditioning; sensu Cummuns,
1974), macroinvertebrate feeding and physical abrasion (Kaushik and Hynes, 1971;
Petersen and Cummins, 1974; Webster and Benfield, 1986; Maltby, 1992). These
processes are not independent. For instance, microbial colonisation (mainly by aquatic
hyphomycete fungi) of leaf material makes it more palatable and of higher food quality
to macroinvertebrates (e.g. Cummins, 1973).

During the leaching stage, leaves lose about 15 % of their weight as soluble matter
leaving behind more refractory structural compounds such as cellulose, hemicelluloses,
proteins and lignins (Petersen and Cummins, 1974; Wilson et al., 1986). The biological
breakdown of this material requires catabolism by enzymes. Enzymes are generally
substrate specific so the more heterogeneous the plant material the greater are the
number of enzymes necessary to degrade it (Wilson et al., 1986). Macroinvertebrates
have been shown to have few of the enzymes necessary to degrade recalcitrant plant
material in aquatic systems (Monk, 1976, 1977; Harris, 1993). This material is therefore
generally not directly assimilated by detritivores and must first undergo microbial
conditioning to yield more available products (Birlocher and Kendrick, 1975). Both
bacteria and fungi are thought to be important in leaf processing (Lawson et al., 1984;
Cargill et al., 1985). However, fungi, principally aquatic hyphomycetes, dominate the
early stages of decomposition, whereas bacterial numbers rise during the later stages
(Biarlocher and Kendrick, 1974; Webster and Benfield, 1986; Bengtsson, 1992).
Although, different fungal species have been shown to have different enzyme activities
(Hasija and Singhal, 1991) together the aquatic hyphomycetes produce all the enzymes
required to degrade the structural polysaccharides of leaf cell walls (Chamier and
Dixon, 1982; Chamier et al., 1984; Chamier, 1985; Zemek et al., 1985; Abdullah and
Taj-Aldeen, 1989; Hasija and Singhal, 1991). During conditioning the fungi use the leaf
material as a nutrient base but also utilise dilute dissolved nutrients from the water
column (Fenchel and Jorgensen, 1977; Wilson et al., 1986). For instance, radiotracer
releases have indicated that dissolved 32P and 15N accumulated on CPOM (Lawson et
al., 1984; Mulholland er al., 1985b). Microbes use the assimilated nutrients from the
leaf material and the surrounding water to produce proteins thus decreasing the C:N



ratio of the leaf material and rendering nitrogen rich detrital material available to
detritivorous animals (Mulholland et al., 1985a; Webster and Benfield, 1986).

Macroinvertebrates that feed on conditioned leaf material are known as shredders
(Cummins, 1974; Cummins, 1988) and are the most important group of animals in
controlling the breakdown of coarse particulate organic matter (CPOM) in streams
(Merritt and Cummins, 1984). Although microbes can decompose litter completely in
the absence of shredding macroinvertebrates, shredders accelerate litter decomposition
by about 20 % (Petersen and Cummins, 1974). Leaf substrates with higher microbial
activities and biomass are generally preferred by detritivores. Moreover, preferred
foods have been demonstrated to produce greater growth, increase fecundity and result
in higher survivorship of detritivores (Kostalos and Seymour, 1976; Willoughby and
Sutcliffe, 1976; Sutcliffe er al., 1981; Soderstrom, 1988; Graca er al., 1993). Different
hyphomycete fungal species are preferred by and offer different nutritional value to
shredding macroinvertebrates. (Suberkropp et al., 1983; Arsuffi and Suberkropp, 1984;
1985; Bermingham, 1993). Consequently the assemblage of fungi on the detrital
material affects its food value and attractiveness to shredders (Phillips, 1984; Cargill et
al., 19835). | ‘

Shredding detritivores have low assimilation efficiencies and much of the material
consumed 1is egested as fine particulate organic matter (FPOM) and dissolved organic
matter (DOM) (Petersen and Cummins, 1974; Cuffney et al., 1990). In addition, the
feeding activity of shredding macroinvertebrates results in the fragmentation of CPOM
to FPOM and DOM (Meyer and O'Hop, 1983). FPOM also becomes colonised by
microbes resulting in a high energy food resource for macroinvertebrates known as
collectors. Because of their role in converting CPOM to FPOM shredders play a pivotal
role in the incorporation of detrital energy in stream food webs (Short and Maslin,
1977; Shepard and Minshall, 1981; Richardson and Neill, 1991). If community
composition 1s altered by changing the system from a shredder-dominated system to a
collector/gatherer system, then leaf processing rates are massively decreased reducing
the amount of available FPOM to the rest of the community (Cuffney et al., 1984;
Shurr, 1989; Wallace er al., 1991). For example, when shredders are excluded, or are at
naturally low densities, in a system leaf processing is generally reduced by up to 50 to
70% even if microbial populations are unaffected (Kirby et al., 1983; Cuffney et al.,
1984; 1990; Barnes et al., 1986; Webster and Benfield, 1986; Stewart, 1992; Chung et
al., 1993; Howe and OSuberkropp, 1994). Reductions in shredder-mediated leaf
processing will result in increases in the standing crop of CPOM and will have
consequences for communities further downstream (Cuffney et al., 1990; Wallace et



al., 1991). Streams are linked, open systems and the energy supply at a particular site is
dependent, to a greater or lesser degree, on processes occurring upstream (Vannote et
al., 1980; Mulholland et al., 1985a; Calow, 1992). Reduced production and
entrainment by shredding macroinvertebrates may reduce FPOM transport out of the
system and CPOM washout may increase the transport of non-utilisable CPOM to
downstream animals, possibly resulting in a loss from the entire system (Cufiney et al.,
1990; Wallace et al., 1991).

The temporal and spatial diversity of different macroinvertebrate feeding strategies and
life histories increases retention of CPOM in streams (Allan, 1995). When systems are
stressed, communities lose structural complexity and energy utilisation becomes
increasingly inefficient (Warwick, 1992). Cycling patterns are affected if any of the key
processors along a nutrient pathway are compromised resulting in stressed systems
generally having low nutrient cycling efficiency with much of the potential energy
leaving the system (Sheehan et al., 1984; Odum, 1985; Rapport et al., 198)5; Pratt et
al., 1990). Functional assessments of toxic stress, such as leaf processing and functional
feeding group analysis, provide ecologically relevant information and have been found
to be useful tools (McCarthy and Bartell, 1988; Bruns et al., 1992). However, a
stressed system may replace sensitive species with functionally similar but less sensitive
species maintaining ecosystem function. For instance, Sarranno et al. (1993) found that
experimental acidification altered the dominance of zooplankton species in lakes but this
had no effect on the growth of phytoplankton communities. This was a consequence of
the zooplankton species utilising similar resources so nutrient regeneration and the
subsequent supply to. phytoplankton was maintained. In lotic systems perturbed by
organic effluents more 'sensitive’ Gammarus may be replaced by more ‘tolerant’ but
functionally similar Asellus (Whitchurst and Lindsey, 1991). Since function may
therefore, not necessarily, be altered it is often important to assess structural properties
of the community in addition to functional aspects of the ecosystem (Sheehan et al.,
1984).

Pollutants may affect leaf processing either by reducing the diversity and biomass of
macroinvertebrates (Webster and Benfield, 1986) or by affecting microbial growth
(Forbes and Magnuson, 1980; Fairchild et al., 1984; Frankenhuyzen and Geen, 1986;
Birlocher, 1993). For instance, metals have been shown to have a detrimental effect on
microbial and macroinvertebrate communities involved in leaf processing and
subsequently on leaf decomposition itself. Reduced microbial colonisation (Giesy, 1978;
Gray and Ward, 1983; Maltby and Booth, 1991; Bermingham, 1993; Tattersfield, 1993)
and reduced microbial activity have been reported either as a result of direct metal



toxicity or due to floc precipitation of metals on leaf material (Carpenter et al., 1983:
Leland and Carter, 1985; Bermingham, 1993). Macroinvertebrate-mediated leaf
decomposition may be affected by direct metal toxicity or by altered food quality
caused by the pollutant (Bermingham, 1993). The effect of organic pollutants on leaf
processing is equivocal. For instance, whereas McKinley et al. (1982) reported that
hydrocarbon pollution had no effect on microbial activity on detrital material, Werner et
al. (1984a) reported increased microbial activity. However, both studies reported that
hydrocarbons significantly reduced the mineralisation of lignocellulose and detrital
maternial.

Several studies have demonstrated that road runoff reduces macroinvertebrate diversity
in the receiving waters (e.g. Bellamy, 1990; Backken, 1994). However, reductions in
abundances or complete extinction of macroinvertebrates at polluted sites are not
necessarily attributable to mortality, but may either be due to a reduction in an animal’s
ability to function successfully and maintain competitive and trophic interactions or may
be due to increased emigration and/or increased immigration (Sheehan et al., 1984).
Depledge (1989) maintains that ecosystem protection should ensure that the normal
repertoire of behavioural and physiological responses of organisms to environmental
fluctuations should remain fully intact. The primary reaction of macroinvertebrates to
pollutants 1s often a behavioural response and catastrophic drift has been shown to
provide a useful index of disturbance (Hall et al., 1980; Armitage, 1994). For instance
Cowley (1985) found that Gammarus pulex responded to zinc stress by increasing drift
and postulated that this was one possible reason for the reduction in the abundance of
this species in a stream impacted by road runoff.

As contaminants in road runoff are associated with the sediments, effects are more
likely to be exerted on benthic organisms (Pratt and Coler, 1979). Assessments of the
impacts of pollutants using benthic macroinvertebrate community surveys are useful as
they incorporate the response of both lethal and sub-lethal responses to contaminants.
However, they cannot elucidate causal relationships. Laboratory tests can qualify
observations from field' surveys and determine the mechanistic basis for these
observations. In order to be ecologically meaningful, laboratory bioassays should use
species that are widely distributed and play an important role in the functioning of the
ecosystem (Sheehan ez al., 1984). Population-oriented assessments of impacts may not
necessarily reflect changes in functional properties. Furthermore, as Schindler (1987),
states "..changes in ecosystem function...cannot be properly interpreted without
analogous information on the organisation and structure of the biotic communities



which perform the functions'. It is therefore useful to assess both structural and
functional attributes of the system to assess impact (Sheehan et al., 1984).

The overall aim of this thesis is to assess the effect of road-runoff discharges on
macroinvertebrate structure and function, concentrating on how the discharge effects
those organisms important in leaf processing in streams. The effect of road runoff on
aquatic community structure and function will be greatest where contaminants from
heavily used roads are discharged into small receiving waters (Willemsen et al., 1990);
that is, where motorway runoff enters small streams. In these types of systems the
runoff may constitute >50 % of the stream flow below the runoff discharge (Harrison
and Wilson, 1985¢). In the UK, in 1993, although motorways accounted for 1 % of the
total road network length they carried approximately 30 % of all road traffic. Traffic on
motorways is increasing more than any other road type having doubled between 1982-
1992 whereas motorway length increased by only 17 %. Predictions indicate growth is
set to continue with estimates of 65-106 % increases in the numbers of vehicles in the
UK between 1992-2025 (Dept. of Transport, 1993). The M1 motorway was opened
between 1959-1977 and carries one of the heaviest flows of traffic in the UK
(Charlesworth, 1984; Colwill et al., 1984; Perry and Mclntyre, 1986). The stretch of
motorway used in this study was opened between 1967-1968 (Charlesworth, 1984).
Since site-specific characteristics of the streams determine their potential toxic loading,
three sites which varied in size and which received runoff from different areas of
motorway surface were studied. These sites were considered not to be impacted by
other types of contaminant inputs and were examples of 'worse case scenarios'.

1.1. Hypothesis and approach,

The central hypothesis being addressed by this study was that runoff from the Ml
motorway would reduce the taxa richness of the benthic macroinvertebrate communities
in the receiving waters. In addition, there would be a reduction in detritus processing at
sites receiving runoff due to changes in macroinvertebrate and microbial diversity and
activity. Although motorway runoff contains vast numbers of potential pollutants it was
hypothesised that the effects on the biota of the receiving waters was due to only a
small number of chemicals. These hypotheses were addressed using both field and

laboratory studies.

Field surveys were conducted to describe the effect of the motorway runoff on the

structure and function of both macroinvertebrate and fungal communities (Chapter 2).
Field and laboratory studies were then performed to assess the mechanistic basis of the



observed effects. Results from studies of lethal (Chapter 3) and sub-lethal (Chapter 4)
effects were used to provide an insight into the mechanisms that may affect the

distributions of macroinvertebrates observed in the field. Further, both the broad classes
of chemicals responsible for toxicity and the compartments of the ecosystem in which
the toxicity resides were identified (Chapters 3 and 4). The sub-lethal effects on the
feeding activity of the macroinvertebrate shredder, G. pulex, were used to understand
in-situ patterns of leaf decomposition (Chapter 5). The implications of motorway
discharges on macroinvertebrate community structure and function are discussed

(Chapter 6).
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2.1 INTRODUCTION,

As orgénisms have particular environmental rcquirémcnts, they generally show
restricted and variable tolerances to environmental conditions (Hellawell, 1986). Many

factors affect community structure in lotic aquatic ecosystems including food quality
and quantity, substrate, water velocity, temperature and water chemistry (Hawkins and
Sedell, 1981; Hawkins et al., 1982; Townsend et al., 1983, 1987; Armitage, 1994).
Roads influence many of these factors. Modification of stream channels and natural
drainage systems due to road construction may alter water velocity, temperature,
riparian cover and sediment supply and particle size in near-by water courses.
Sedimentation affects habitat characteristics and may have a direct physical eftect on
organism health (Newcombe and MacDonald, 1991). Runoff from opcratic;;lal roads
generally contains a complex mixture of contaminants including inorganic and organic
toxicants which change the chemistry of receiving waters (Chapter 1). These changes
may consequently have an ifnpact on the biota in the streams that receive road drainage
discharges (Whitney and Bailey, 1959; Stout and Coburn, 1989; Bellamy, 1990;
Baekken, 1994).

Many aﬁthrépogenic perturbations may affect communities resultin g in instability and
altered ‘community structure. Community-based determinations of change, reflect
systcm:-widé changes which may not be obvious from single-species population
assessments. Biological communities also integrate the effect of niultiplc stresses and
demonstrate cumulative impact (Metcalfe-Smith, 1994). Effects on the biology of
streams receiving road-runoff drainage was investigated by describing changes in
community structure. Measures of community structure include species richness (1.
number of species present) and evenness (i.e. distribution of individuals across species).
Several diversity indices take account of both richness and evenness, although the way
in which they do this may differ (Washington, 1984; Magurran, 1988). The Shannon
index is the most commbnly used index in freshwater lotic systems (Resh and
McElvary, 1993). This index, however, relies on sampling a defined and random sample
from a conceptually infinite population and assumes that that all species are represented
in the sample; a feat almost impossible to achieve. Moreover the probabilities of
occurrence or the proportion of each species in the community can never be known and
a precise estimation would require unreasonably large samples, especially for rare
species. The result may therefore depend heavily on the sampling design and in general
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the Shannon index has been found to be heavily influenced by the abundance of the
commonest species and to be fairly insensitive to community change (Southward, 1978:
Magurran, 1988). A second commonly used index, the log series alpha index (o, Fisher

et al., 1943), reflects species richness and is considered a good descriptor of sample
differences (Southward, 1978; Magurran, 1988). It is relatively independent of sample
size or of the abundance of rare/common species (Kempton and Taylor, 1974; Taylor,
1978). The index’s only disadvantage is that it cannot discriminate between situations
where species richness and number of individuals are identical due to the lack of
evenness component in 1its calculation. This is,rarely observed, however, in real
situations. |

Comparisons of communities between sites is achieved using indices of beta diversity.
Beta diversity was assessed using the Sorenson similarity index modified by Bray and
Curtis (1957). This index has previously been used to successfully detect community
changes between reference and impacted sites and has been recommended in
comparative indices studies (Perkins, 1983; Magurran, 1988; Pontasch and Brusven,
1988). In order to assess macroinvertebrate community changes as a consequence of
species sensitivity to pollution a biotic score was used. Biotic indices assign scores to
groups of organisms according to their tolerance or sensitivity to specific types of
pollutants. The sum of scores provides a value by which sites can be compared on
general pollution status; the lower the score the poorer the water quality. Generally,
biotic indices have been based on the sensitivity of macroinvertebrates to organic
pollution (i.e. sensitivity to low dissolved oxygen and high ammonia concentrations)
although they have been applied more widely (Rosenberg and Resh, 1993). In this study
the Biological Monitoring Working Party (BMWP) biotic index was used (ISO, 1979);
a qualitative score which operates at the family level. This. index has been widely
adopted and is recommended due to its simple application and sensitivity in detecting
differences between polluted or non-polluted sites (Rico et al., 1992).

Changes in community structure often have subsequent important effects on ecosystem
function. A description of community structure which considers the functional
properties of the community is that of guilds or functional groups. Functional groups
refer to the manner in which organisms obtain their nutrient and energy sources and the
major functional feeding groups in streams are shredders (feed on CPOM), collectors
(feed on FPOM), scrapers (feed on benthic algae) and predators (feed on live animals;
Cummins, 1973). Changes 1n the relative abundance of functional groupings reflect
changes in the trophic status of an ecosystem which may suggest further consequences
on ecosystem functioning.
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Changes in the functional characteristics of ecosystems (e.g. primary production and
nutrient cycling) incorporate the responses of several of the component assemblages as
well as the interactions between them. They therefore have the potential to provide a
useful indicator of stress. Although there is some dispute over the sensitivity, and
therefore usefulness, of functional responses of ecosystems to stress (Schindler, 1987;
Pratt, 1990) the application of these measurements has been shown to be useful in a
number of cases (Sheehan et al., 1984). In particular, litter decomposition, an element
of nutrient cycling, has been shown to be a sensitive ecosystem response to some
pollutants. For instance Bruns et al. (1992) concluded that litter decay was the best
evaluation criteria for assessing the impact of acidic contamination of a stream, whereas
a biotic index (biotic condition index) proved least reliable. The methodology used in
measuring leaf decomposition in streams usually employs the use of leaf material either
enclosed in mesh bags (leaf bags) or tethered by fasteners or lines (leaf packs). Both of
these artificial methods have inherent problems, particularly in determining natural
decomposition rates, but both can be useful in assessing the relative rates of

decomposition between contaminated and non-contaminated sites (Boulton and Boon,
1991).

Most monitoring studies of pollutants in lotic ecosystems concentrate on benthic

macroinvertebrates (Hellawell, 1986). The animals are generally sampled by disturbing

a defined area of stream bed for a fixed period of time collecting any dislodged animals

in a net downstream of the disturbed area (Williams and Feltmate, 1992).

Macroinvertebrates have several advantages over other assemblages (Metcalfe-Smith,

1994):

1. they are differentially sensitive and react rapidly, in a grﬁded response to a range
of pollutants;

2. they are often abundant, represent many phyla and trophic levels and have a
ubiquitous distribution;

3. they are easy to collect and their taxonomy is fairly well established;

4. they are often sedentary and reflect local environmental conditions;

5. they have life-spans which are long enough to provide a record of environmental
quality but short enough for all life stages of the population to be exposed to
contaminants.

Changes in macroinvertebrate structure and function in pollutant-impacted streams may
be the result of two non-mutually exclusive pi'ocesscs: 1. toxic or physical action of
pollutants on the macroinvertebrates or 2. indirect pollutant-induced changes in habitat
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charactenistics and/or food quality or accumulation of pollutants through the food chain.
As described in Chapter 1, aquatic hyphomycete fungi, are an important component in
the transfer of energy from the detrital food base to macroinvertebrates. It is therefore
pertinent to assess the impact of pollutants on .this community as any alterations in
species composition or activity may have implications for shredders and leaf processing
(Chapter 1; Bermingham, 1993).

Many studies have examined the impact of urban runoff on the biotic communities of
streams (e.g. Medeiros et al., 1983, Shutes, 1984; Bascombe et al., 1989; Hogg and
Norris, 1991). Urban runoff is often a complex mixture of road surface runoff,
industrial runoff and sewage. Few studies have looked exclusively at the impact of road
runoff discharges. However, previous studies that have been performed suggest that
road runoff results in a decrease in the diversity of benthic macroinvertebrates and
aquatic macrophytes (e.g. Gjessing, et al., 1984b; Cowley, 1985; Mudre, 1985;
Bellamy, 1990; Baekken, 1994). No studies have related changes in community
structure to aspects of ecosystem function.

2 1.1. Objectives and |

Motorway drainage waters discharge high loads of toxic chemical mixtures into
receiving waters. This contamination has the potential to “deleteriously effect the
structure and function of the biota in the streams into which this water discharges. This
chapter describes field-based survey and experimental work performed to assess the
impact of motorway runoff on the biota and sediment quality in three small streams
(Rockley Dike, Butterthwaite Ditch and Pigeon Bridge Brook) which receive runoff
from the M1 motorway. Studies were performed to assess the effect of the discharges
on the communities involved in the processing of allochthonous detrital material and on
the subsequent decomposition of this material.

The study concentrated on organisms involved in the processing of allochthonous leaf

material and the specific objectives were to:

1. describe site-specific habitat and substrate characteristics of the streams upstréam
and downstream of the motorway discharge;

2. describe macroinvertebrate communities upstream and downstream of motorway
discharges;

3. describe assemblages of aquatic hyphomycetes, fungal biomass (ergosterol) and
microbial activity (respiration) on leaf material upstream and downstream of
motorway discharges;
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4. quantify leaf processing upstream and downstream of motorway discharges.

Four seasonal macroinvertebrate surveys were performed at stations upstream and
downstream of motorway discharges. These data were used to calculate diversity, biotic
and community similarity indices and to assess the relative abundance of functional
feeding groups at each station. Surveys of aquatic hyphomycete assemblages associated
with leaf material were also conducted during autumnal leaf fall. To assess the
subsequent effect of community changes on leaf decomposition both microbial- and
macroinvertebrate-mediated processing was quantified using leaf bag methods (Boulton
and Boon, 1991). Habitat characteristics which may affect biotic community structure
were also measured and recorded at each site.

More intensive studies were performed at the site which received the greatest
motorway runoff pollutant load, Pigeon Bridge Brook. Temporal changes in the
macroinvertebrate and aquatic hyphomycetes associated with leaf material were
determined as were temporal changes in the biomass (ergosterol) and activity
(respiration) of microbes on leaf litter. The subsequent impact of the discharge on the
rate of microbial- and macroinvertebrate-mediated decomposition of leaf material was

assessed.



15

Three streams were selected from an initial preliminary survey of 7 streams all of which
received drainage waters from the M1 motorway (Maltby et al., 1995a). There were
two sampling stations per stream: an upstream reference station (<400 m upstream of
the motorway runoff discharge point) and a downstream station (<100 m downstream
of the discharge). The streams selected for the study represented a cross-section of
stream size and received motorway drainage from different areas of road surface.
Rockley Dike (NGR SE338023, Plate 2.1.a.) was the largest stream studied (3 m wide
and 0.14 m deep) and received drainage water from approximately 26,633 m? of
motorway surface (Sir Owen Williams and Ptnrs., motorway drainage plans). The
substrate was generally of large stones interspersed with mud (see section 2.3.2) and
the overhanging canopy was of beech (Fagus sylvatica, L.), oak (Quercus robur, L.)
and hawthom (Crataegus monogyna, Jacq.). Butterthwaite Ditch (NGR SK374944,
Plate 2.1.b.) was a smaller stream (1 m wide and 0.05 m deep) that received runoff
from a motorway surface area of approximately 38,479 m2. The substrate was of gravel
and mud and the stream had a riparian canopy of hawthorn and birch (Betula pendula,
Roth.) at the upstream station, and beech and sycamore (Acer pseudoplatanus, L.) at
the downstream station. Pigeon Bridge Brook (NGR SK479852, Plate 2.1.c. and Plate
2.1.d) was also small (1 m wide and 0.02 m deep) but received drainage from
approximately 44,389 m? of motorway road surface. At the upstream station the
substrate consisted of mud and the canopy was of hawthorn. Downstream of the
discharge the substrate was of gravel and coarse mud and the canopy was of hawthorn

and beech.

At the Rockley Dike and Butterthwaite Ditch sites the drainage system from the
motorway surface is closed apart from french drains at the bottom of embankments
(Chapter 1). At the Pigeon Bridge Brook site the drainage entering the stream 1S
collected, equally, by both closed and open systems (Sir Owen Williams and Ptnrs,,
Civil Engineers, pers. comm.).

A comprehensive study of water and sediment chemistry at the three sites was
performed over the same time period (A.B.A. Boxall unpublished, Maltby et al.,
1995a). Summary results are displayed in Appendix A2.1. Downstream of the
motorway discharges stream water had elevated concentrations of several heavy metals
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and sediments were contaminated with a range of heavy metals and hydrocarbons. Total
oil concentrations were significantly elevated downstream of the motorway discharge at
all three sites whereas concentrations of total aromatic hydrocarbons, including several
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