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INTRODUCTION 

"...every oil #pill Ir unique.. . " (Mitchell et d.. 1985) 

Estuarine  marshes  have been acknowledged 8s highly  productive  habitats  which 
amtribute significantly to the estuarine food web. The Fraser River estuary 
contains m e  of the  largest  expanses of intertidal  marshes in coastal British 
Columbia, ranging from bnsh-water  dominated marshes m the Lowcr Frascr River, 
to salt marshes in the outer reaches of the  estuary. As urbanization has spread 
throughout the Fraser estuary these marsh areas have been threatened by dyking, 
agricultural expansion, industrial development and more insidiously by 
cnvimnmntal amtammabo n. . .  

On March 23, 1988, 1111 area of marsh by  the  Middle A m  of the her River, 

adjacent to the  Vancouver International Airport (Fiaure 1) was affected by a spill of 
Jet A fuel. AIM Ecologicd Consultants Ltd. (AIM) was quested by Enviroamcnt 
Canada  (Conservation & Protection) in conjunction with FEAR0 to monitor  the 
vegetation  in  the vicinity of the spi l l .  Due to a lack of background data, it was not 
possible to predict  the  effects of the fuel spill on marsh vegetation. This study was 
connnissbnd to identify the impacts associated with the futl spill. It was also fch 
that in light of future developments in the estuary, information gleaned from this 
accident could be invaluable for future environmental phming. 

In &wing the availabk litmtm, it bccamc spparent that virtually no infamation 
was  available concerning the effects of jet-fuel on the  environment. In the  marine 
environment,  the majority of environmental  disasters  have  involved crude oil. 
Although there have been extensive descriptions and follow up  studies of oil spills, 
tbcrc is a great deal of variability to be expected,  depending OD the type of oil 
spilled. Even  crude oils from different kcations have been documented 11s having a 

variety of effects on the  environment. In general,  the m t  toxic effects to aquatic 

life  have arisen fnm highly refined oils amtaining substantial amounts of soluble, 
 m ma tic hydmxubom. 
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Figure 1: location o f  Jet-Fuel Sampling  Stations at  
Uancouuer International  Airport 
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BACIO 
Properties of Hydrocarbon Fuels 

Petroleum  products are normally divided onto four  groups; napthtnes, normal 
paraffins, isoparaffms, and aromatics.  These  groups occur in characteristic 
percentages  for  the various refined petroleum  products. Jet A, is a kerosene based 
fuel  with a flash point ranging from 102 to 155 0 F (Shelton & Dickson 1983). 
kpcnding on the individual product, tbt aromatic volume ranges from as low as 
11.88 to a hi@ of 24.8% (ibid). Tbe aromatic content is important as this tends to 
be the most acutely toxic c c x n p e n t  of the  fuels. 

The volatile and somewhat soluble "iightcr" oil fractions, including the bw boiling 
point aromatics, are potentially  the most toxic to aquatic  life  (Hutchinson  et al.. 
1979). Fobwing an oil spiUthe aromatic components of petroleum 8 f e  bst within 
the initial 24 hours as some of the oil evaporates, m e  dissolves, and m e  
tmuls3cs. Luge quantities tm usually accumulated in the d k n t s  (Ganning et 
aL 1984). 

Impacts on Vegetation 

oi) spills may have acute, sbort-tam impacts, of may resul t  in less obvious but 
more long-term chronic effects. s a l t  marsh vegetation can often recover from a 

=Y 
result in long-term environmental  damage  (Stebbins 1970, Baker 1971b, Baker 
1971e, DcLaune et al. 1979, Hershner & Lake 1980 Krebs & Tanner 1981). The 
extreme in tbe range of possible environmental responses was seen in the wreck of 
the Tampico Maru. Spilled dim1 oil rcsultcd in both acute and chronic effects. 

' The bighly toxic oil was trapped in a a w e  where recontamination occurred, 

6b@ d m k  6 k  03 vu. HOWCVCf, Chrwic OT B t V c f t  Od CW- . .  

resuEring in a decade of eoologid damage (Ganning d aL 1984). 
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Factors which influence the effect that an oil spill will have on the  vegetation 
iacludc: 
" 
-qxXits 
-age of plants 
-physiography of the marsh 
-mil type 
-timing of the spill 
-type of oil 
-der amciiticms 
-wave 8t current energies 
-v;scoSity of the oil 

Plants with huge rhizomes (underground stems) are tbought to tolaate oiling betta 
than plants without, aince new growth is able to regenerate from below-ground 
even after tbe aerial parts have been destroyed (Baker 1970). HOWCVS, tbe growth 
of mob and rhizomts may bc reduced by inoaporation of oil into substratum. Tbc 
kss viscous the oil tbe greater its p e n d o n  into dimenk (Baker 1970, H m h  
& Moore 1977). In general, the less viscous oils are also the more highly refined 
pegoleam products whicb are the most toxic to marsh vegetation (Baker 1971a). In 
addition to the bxicity of tbe Oi2 &Ef, chronic oil polhrtion may stimulate mmvbic 
ccmditions in the substrate wbich may in tun inhibit vascuIar plant growth (Ranwell 
1968, Cowell 1969). Weathering, or the evaporation of volatile hydrocarbons 
resuits in a bwer toxicity to plank (Baker 1971a).  However, nmtably appups to 
be mcrtasad by hot sunny oonditioas, w h c k  trapical or tanperabt (Cban 1977). 
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Pbysiological msponse 

Plant  sensitivity to oil is a product of: 
- 8n affinity between plant cuticles and hydrocarbons, 
- bhkage of leaf pcxes, restricting p excbange 
- reduction of hght., therefore photosynthesis, and 
- toxicity of oil to plant metabolism (Baker 1970). 

The ". ..lipophilic naturc of hydrouubons and the lipid-protein nature of tbe cell's 
semi-permeable  membranes  have  suggested  membrane disruption (and 
incorporation) as a primary site of hydrowbon action." (Hutchinson et al. 1979). 
Fleshy l e a f e d  plants such as B d s  maritima, and Salicornia spp. are particularly 
sensitive to oil coating their leaves, stems or substrate (Chan 1977). 

Most of the marsh/oil studies have mdicated that annuals fare more poorly than do 

perennials in an oiled environment. Annuals have s d  root systems and low food 
rescrvcs, thus '&g namvgy from oil pollution mort dX1cult tban for prrcnnials 
which  have  rhizomes  able to send forth new growth. Sparti" appears to be a 
fairly tolerant  genus in terms of oil pollution, both chronic and acute. It has been 
reported that S. mrglicu contains 80% of its production underground (Baker 1971). 
No information has been found concerning the response of Cmex or Scirpus 
s p e c i e s  to oil Seagrasses function as a natural absorbent for oil. Seagrass detritus 
retains the oil and sccamulatcs in the upper intertidal m e .  Decomposition of oiled 

tbc input of dctritus inb the f d  web (Cbm 1977). 
seagrasses is snbstanwy slowca than far clean seagrass detritus, thereby redacing 

OIL CHARACTERISTICS AND PLANT RESPONSE 

The type of oil invo1ved in a epill inRoences the sped and extent of the recovery. 

L i g h t  d b e d  oils containing b e  proportions of mmatic hydrocarhs are much 
more toxic than crude oils or beavy refined pducts (Ganning et d. 1984). 
Incidents  involving #Z he1 oil have bad a more repid, broader and long Iasting 
impact than tbose involving #5 fuel oil (ibid). Partial coverage of plants was 
nporbd to be damaging only for #2 he1 oil wben cornparad with 3 otba heavier 
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oils and complete  coverage of the plant d t c d  in virtually complete mortal i ty .  

Growth in the tes t  plots in thc e t  ycar was reduced rignificantly M a result of 

both initial above and below-ground mortality. Cunplctc recovay ocumcd within 
2 years. Residual  toxicity of the sediments did not appear to be a problem as the 
No. 2 fuel oil was retained l c a ~  of tbe oils tested in the sediment. Tbe light fuel oil, 

WCLG subject to  grcatcr evaporation or ckspcrsad by tidal sctivity than the bcavicr oils 
tested. Weathering had also sipfkantIy reduced the toxic compounds in the oil 
but there were indications that a portion of the oils remained  in the sediment far 
long pcriods of time (Webb et al. 1985). 
A No. 6 oil resulted in death only if tbe plants were cunpletcly covcrcd by oil. If 
the top third of the plants was unaffected resnlts were not serious. Regenmtion 
was @le if oil was only hghtly covesing the soil. Successive tidal activity also 

influenced  the plants' abilities to recover. Very high tides completely cuattd the 
plants witb oil as the tide fo6e (Webb, et al. 1981). 

Substrate effects 

In monitoring the  West F h u t h  oil spill, Burns d Tad (1979) concluded  that 
m o s t  of the oil entering  the marsh ecosystem was incorporated into the anoxic 
marsh sediments. High molecular weight aromatics and naphthenes  were  the most 
persistent fractions. Concentrations of oil were tbe highest in the surface layers 
altbougb Burns & Tcal(l979) found the oil txtcndcd to at k a s t  115 cm in dcpth. 

Previously unaffected ~ucas were being influenced by oil contamination within 2 
years. Tbe oil persisted in the marsh causing deleterious effects for at M 8 years. 
This has implications for the present study, in terms of the oil sacping from the 
contaminated artas and being carried to other areas causing chronic low kvel 
amtammlmn. . .  

Oxygen is necessary within the sediments far tbe degradation of the oil. As this 
pnxxss occ~,  depletion of the oxygen supply can cam anoxic conditions where 
tberc is poor water exchange. These anoxic conditions can in turn result in an 
indefinite storage of the oil. Recovery of such an area may f i s t  require a fresh 
deposition of sediment over top of tbe damaged substrates.  Depending on tbe 

deposition rate, his might take decades (Ganning et al. 1984). 
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In the West Falmoutb oil spill, all organisms showed evidence of hydrocarbon 
contamination of tbcir tissues, but tbcre was no indication of biomagnification 
within the arganisms. Colonization of the damaged substrates by animals 0ccUITed 
by immigration h m  nearby didurbed ~veas (Bums & Teal 1979). 

Chronic oil contamination of marshes may cause greater problems for tbe stability 
of marshes than periodic spills. Complete elimination of 8om marsh communities 
has been attributed to such a si&n (Baker 1970, Blumer et al. 1971). Oil 
contarninetion may influence  the substrate minoflara by either deaeasing N2 fixing 
micIoflora cx may shift the bacterial population to N2 fixing hydrmubrmxidizing 
species ((39 1967, K.a& & Herwig 1976, Walker & Colwelll976). If all of tbe 
vascular plant cover is destroyed, the contaminated area may revert to an earlier 
successional stage, dominated by nitrogen-fming ~ y ~ ~ b a ~ t e r i a  (Baker 1971a, 
197 1 b). 

Oiled sediments appear to inhibit the growth of new r h i z o m e s .  Plants growing in 
oiled substrates in Brittany, w m  all vertical and had no side branching (Stebbins 
1968). A ~imilnr lwponsc was notcd in Spdina dttmiflom transplantcd to oily 
substrates. Tbe transplants survived but very few new shoots emerged (Krebs & 

Tmez 1981). 

Grain size of substrates appuus to be another important factor for the penetration 
and persistence of oil. Fine textured substrates are not as severely affected by oils 
as sands due the lack of pore spaces for the oil to percolate down. However, once 
tbe oil penetrates the fine sadimcnts, it is likely to xernain in situ bnger and is likely 
00 cause anoxic conditions in the fine dimcnk. 

Seasonal effects 

In studies using Kuwait CIPde oil, BaLn (1971) amcludcd that vcgat im oiled in 
tbeBpringhaededtbecntire~toncovcr,whilevegetationwhichwasailedat 
the end of the growing season rcwveT(5d well by the same fall. Transects oiled 
during the winter did not appcar to show detrimental tfftcts the following qring 

(Baker 1971, Ranwell and  Hewett 1964). A significant difference was noted 
between annual and perennial plants. Recovcry of a plant is by new growth, the 
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oiled parts are shed. Annual plants are limited in tbeir ability to produce new 
pwth, and (LT~ also inhibited in tbcir 4 pxiuct ion f a  tbc year following oiling. 
The seed production of perennials is also reduced wben tbe oiling occurs at the 

time of flowering. "he pIants most  sensitive to oiIing are seedlings.of pcrenniaIs 
and annuals at aIl stages of growth (Baker 1971). 

"be lighter fuels do not show tbe seasonal variation which was noted for tbe crude 
oils. When sediment or partd plant coverage occurred with No. 2 fuel oil, 

biomass reductions occurred regardless of the timing of application. Complete 
coverage of the plant during active growing periods rcsultcd in a long term 

reduction in biomass. Long term effects to tbe ecosystem m y  arise from a 

reduction in the oxygen normally transferred to the foots via the air spaces in S. 
Cllrmnifloru (Alexander & Webb 1985). 

Recoverp 

Ganning et al. (1984) defrne restoration as "the return of the ecosystem to within 
limits of ~ t u r a l  variability by natural and/or artificial mcans. It is important to 
realize that natural variability occurs through time and space due to ecological 
interactions as well as seasonal, annual, and long-term clinatic and oceanographic 
changes." Other definitions for recovery range from; rcstohatim of tbe environment 
to g c n d  e c o l o g i c a l  usdulncss; to - restoration to original structure and function 
with tbe original p i e s  complement. It is likely that given timc all disturbed 
environments will regain some ecological usefuhess; however. tbe degree of 
damage dictates bow close one can come to tbe arigind community structure. 
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THODS 

Aniniti~IsitevisitwasuodertakcnonApril7,1988,atthistimethraestationswae 
chosen for subsequent monitoring: S-4, heavily affected; Station B, lightly 
affacted; $tation C, oontrol. At tbe time of the site visit, those areas which h d  been 
b e a d y  a f fec t ed  retained a noticutble dour of jet-fuel. The  vegetation was sti l l  

alive but displayed signs of cell damage, i.e. tbe shoots were lacking i n  
chlorophyll, and were translucent and limp. 

The  first sampling session was carried out on April 18, 1988. The marsh plants 
which had shown signs of damage during the initial site visit, wcrc by this time 

dead. The above-ground shoots w c n  brown and shrivelad but thcrc was sti l l  a 

noticeable odour of jet-fuel attached to tbe vegetation. 

Transects for tbe monitoring of vegetation  were set up at tach of tbe three stations 
(Figure 1). Surface sediments,  above-ground and below-ground  plant material 
from two species of marsh plants were collected  at each station during &e first 
sampling session. Three replicates were obtained from each component of each 
sp e c i e s  at utcb station. The  below-ground material was sampled by nmoving a 20 
crndocpaxc, 10mindiametcr. Thc&iz.uncswcn:ecparatcdfromtbescdimcnt 
by washing with a high pressure spray of clean water. Tbe  samples were placed in 
beat-treated glass jars and transported to the West Vancouver, Environmnt Canada 
Lab<xatory for analyses. During a subsequent site visit, two deep cores were taken 
at Statim A, one in a vegetated sitc, the other in bart mud adjacent to tbc vegetated 
zone. A 20 cm diameter core, approximately 0.75 m deep was excavated at  each 
location. This core was cut in balf and samples were collected at 10 cm intervals 
frrxn tbe interior of tbe cure (to avoid c01l tamination). 

Follow-up site visits were undertaken in July and September. Stem mtasuremcnts 
of various species were utilized as an indicator of productivity. Above and below- 
ground  biomass samples were collected for comparisons with the rtem 
measurements. Otber data recorded included  densities of both reproductive and 
vegetative  stems.  Observations of plant vigour and pbenology were recarded at 

Cach site. 
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A greenhouse td was also c o n d u d  to simulate fEld conditions during the peak 
of vegctativc growth. Grecnbousc grown plants of Cam lyngbyei and scirpus 
mtririmur were dipped in a 16 mixture of fkesh jet fuel and a standard hydroponic 
nutrient solution. The jet fuel was stirred into tbe nutrient solution to simulate 

conditions which might occur during wind and wave action. These plants were 

only drpptd to tbc "badimcnt" surfacc. A parallel bial was amductcd to evaluate tbc 
effects on tbe plants if the fuel was only inoorporaux! into the sediment, and not on 
the above-ground growth. Control plants were grown in the standard hydroponic 
nutrient soluticm. 

"be resulting data were analysed using an Apple Macintosh Plus m p u t e r  with a 

Statview 512+ statistics package. 
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RESULTS 

Hgdmcadon analyses of sediments & vegetation 

An analysis of variance was conducted to evaluate the differences between the 
various stations and species. Significant differences were found between the 
heavily oiled site, Station A and  the  Control  eite for oils & g r e a s e s  and for 
hydrocmbons for Carex roots and Juncus sboots. No significant differtnce was 
detected for Juncus roots (both oils & greascs and hydrocarbons), or for Carex 
shoots (oils & greases) between the two stations. A highly  significant  difference 
was detected between hydrocarbons in Carex shoots at Station A and the Control 
site. However, contrary to the other rcsuhs, in this case the level of hydmcahns 
dctcctod wea lower at Station A than in the oontml. 

The differences observed between  the  other stations were not statistically 
significant, with tbe following exceptions: 

Station B versus Station 4 

Both oils & greases and hydrocarbons were more abundant in Juncus shoots at 
Station A, than Station B. 

' h e  concentration of bydmcdxms in Carex sboots at Station A, was lower than 

st Station B. 
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Thc nmh of thc sedimcnt cams arc F n t c d  m thc bccompMying graphs. At thc 

unvegetated site, &e distribution of born hydrocarbons and oils Bt purses declined 
with depth. However, at the  vegetated site, tbere was a distinct peak in the 
amceotmtion of both hydrocarboas and oils & greases in tbe vicinity of the rooting 
m e  (Figure 2). 

Community Characteristics - stem  measurements, density, biomass 

Measurements  taken of the  plants  at  Station A m July and in September indicated 
they were all substantially shorter than  those of Stations B and C (Figure 3). 
Further sewgation of the plants at  Station A into those m o s t  heavily afftcted by 
&I, versus thost less heady af€cctcd, r c v d e d  SignifiCMt diffcrr;nots bctwccn the 
two. It was obvious h m  the results that although tbe ligbtly fueled artas were 
reduced in growth, the heavily fueled areas had experienced significantly greater 
reductions in growth. 

Statistical analyses revealed a highly signifcant difference (pd.001) between the 
stem measurements from beady  oiled and hgbfly  oiled sites versus the c o n t r o l  for 
Scirpus validus and Carex lyngbyei for both July and September sampling 
pcrids. Significant differences w m  dctcctcd between tbc bcigbts of C m  
tyngbyei located at Transect A and tbe stem beights at Transects B and C. On the 

otber hand, DO significant differenax were detected between tbe stem bcigbts of 
Carex lyngbyei at Stations B and C. These trends were also wnfirmed by the 
analyses of vegetative and rcproductivc s t c m  numbcrs, and for the above-ground 
biomass. Only for mot biomass was tbere DO significant difference between tbe 

three transects. Tbe mot  biomass was not segregated into live and dead 
components, but obsavations during the washing process revealed tbat most of tbe 
bclow-ground biomass for Tmnstct A was d d .  This would iadicatc that the Cmzx 
community at this site was similar to those of Transects B and C pior to the fpel 

rpin, 
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Height of Tallest Sedge (cm) at Jet-Fuel Monitoring Tmsects 

110 135 184 177 ! 
88 153 175 168 I 

Normally the  height of stems can be expected to decline toward the end of the 
growing season, as the older leaves break, as translocation and general aging of 
aboveground  components  take place and as lodging of plants occurs, making it 
more difficult to obtain accurate mcasurcmcnts. In the hcavily oiled parts of 
Transect A, there was a noticeable difference in size in the surviving sedge plants 
between the July and September sampling periods. Perhaps these plants too had 
suffered some breakage and loss of nppe!r leaves. However, we feel that the 
reduction in both avcragc size (IS WCll as that of the tancst plant was 8 consaqrrencc 
of the loss of individual sptcimens. Statistically signifiamt eeasonal diffcrcaces 
w a t  found between the species (both Cmex tyngbyei and Scirpus vdidus ) found 
growing in the heavily oiled and lightly oiled sites of Transect A. The increase in 
size of tbe d g e  in the lightly oiled site may indicate a degree of noovtry at this 
Site. 

Qualitative Changes in  Community Stmcture 

By July those plant communities most  severely affected by tbe jet-fuel in April 
were still unable to recover. Rtmaaats of the dead ehoots wete visible, d m wet 

areas thcrc wcre still "oil-slicks" apparent on thc watcr. Although there was no 
oQuroffnelontbesediments~tbeanenoffuelwasvery~gintbecares 
and in the dead root material evm after it had been washed to remove adhering 
sediment. A few shallow rooted tudlings of annual plants had started 00 invade  the 
areas denuded by the  fuel spill. r0 m e  locations a few Scirprrs vdidrrs plants 
werc able to survive in tbe otherwise denuded sites. In the vicinity of the fuel 
spill, even those p h t s  not killed outright by the fuel wcrt showing after effects 
mch as rcduccd beight and deformities in growth. Althougb the translocation of 
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hydrocarbons  did  not appuu to have  taken place in Juncus, no above-ground 
ngcncration had taken place as btc as Scptmkr 1988. 

By September, there were etill m y  areas within the zone of high impact which 
had no vegetative growth, and only 10% of the sediment area was occupied by 
vcgctation.  Fuel was still seeping fiom thc dimcats in many locations lcaving a 

distinct 61m on tbe incoming tide. mewhunk had colonized m discreet patches, but 

did  not  display  any seed production. In arcas of light impact, approximattly 75% 
of the Scirpus vdi& plants displayed seed beads. In the  zone of high impact, 

only 10% of the plants had d beads, DODC of wbicb were Cmex lyngbyti. 
Annuals which had colonized tbe higb impact area by July had disappeared by 
September,  leaving a few scattered shoots of Cmex Zyngbyei, Scirpus vdidus, 
T y p h  and Eleochcm's. Typha which appears to have  colonized the zone h 
sccd, was approximately 1 m high in this cvca while in nearby areas the height 
c x d  2 m. In the high pond area, formerly occupied by Juncus, there were 
n m m u s  w d y  species, which appeared to be very stuntcd  and d e f o d .  No 
regeneration of the impacted Juncus had occurred, and  the area was being 
colonized by Lythrurn seedlings which were stunted and phenologically inhibited 
cornparad to d y  p h t s  of the same species. Scirpus vdidus in the high impact 
areas was still showing tbe  same  deformities as earlier (ix. twisted and bent 
@terns). 

Greenhouse " T M s  

Tbe results of the grecnbouse trials i n d i c a t e d  that evm at this relatively bw level of 
concentration, thc mature plants di@ into the fuel mixturc txpcricnad innnodiatc 
(within 24 hours) mortality of approximately 10 96 of  the Icavts. The portions of 
the  plant (Ccrex Zyngbyei ) most susoeptible to damage were the youngest leaves. 
Even with only a single dipping, within two weeks the test plants'wert sbowing 
uignifixant yellowing (chlon>sis) compared to tbe mntrol. Scirpus mpritimus g m w s  

in a M e r e n t  form than C m  lyng6yei and bence did not display &e initial loss of 
k a v a ,  but within two weeks showed dramatic yenowing. Baker (1971) observed 
that kaves undcr a persistent oil film stayed green for some timc, but eventually 
hrmcd yenow and diad. 



Tbe plants subjected to tbe fuel by its inmrporation into the soil did not sbow the 
leaf loss that the dipping cnuscd, and the yellowing of the leaves was not as 
dramatic as in tbe dipped plants. However, the substrate-oiled plants displayed 
noticeable  yellowing of leaves compared to tbe control. The m o s t  dramtic cbange 
in these plants was in the young sboots unexging h m  the base of tbe plant. These 
shoots showed a similar rtsponsc to that observed in tbe field conditions in April. 
After 2 weeks, cell damage was evident by the loss of chlorophyll and 
discolouration of the shoots. 



During  the July sampling our o h a t i o n s  dd that tbose plant communities 

most severely affected by the jet-fuel in April were  unable to mover. R e m ~ q t s  of 
the dead shoots were still visible in September. In wet areas there were still "oil- 
slicks" apparent on the water. Atthougb there was no odour of fuel MI the sediment 
surface, the smell of fuel was very strcmg in the a x e s  and in the dead root material 
even after it had been washed to remove  any  adhering  sediment. A few annual 
plants  had started to invade  the areas denuded by the  fuel spill. These plants were 
shallow m t e d  seedlings. In some h t i o n s  a few Scirpus vdidus plants were 
able to slwive in the otherwise denuded sites. In the  vicinity of tbe fuel spill, 
even those plants not killed outright by the  fuel  were showing after-dects such as 
reduced productivity and deformities in growth. Although  the  translocation  of 
hydrocarbons did  not appear to have taken place in Juncus, no above-ground 
ngemration had taken placc as late as Scptcmbcr 1988. 

In the study area, tbe heavily oiled areas of Corex showed  virtually no growth 
as a consequence of the  deposition of fael on their shoots. In fact, those shoots 
af€d in April remain blackened d withered to September. The fuel  appears to 
have been translocated to the  underground organs and subsequently released into 
the surrounding substrates. This year's pwtb was destroyed in tbese plants, and 
it is anlikely  that any of their below-ground organs remain viable. Sublethal 
effects  have manifested tlmnsclvcs ia tcmrs of duoad pductive and rcproductivc 

capacity of tbe lightly fueled plants. Seedlings of some annual species have 
invaded  the site, but even these  appear to be stunted in growth compared to 
seedlings in unaffected m a s .  Vegetative cobnimtion by nearby plants may OCM 
in these areas provided  that tbt fuel  residues arc not conantrated C D O U ~ ~  to 

preclude further growth. Juncrrs appears to have had a slightly different response 
than tbe sedge.  Although the above-ground compoaenb of Juncus contained high 
hydrocarbon levels, tben did not appear to be tbe 88me transfer to below-ground 
amponcnta as with Carex. Initially we thought that this might  allow the Juncus 
b regenerate h m  the below-ground organs. However, by July no rege~cration 
had occd, and tbe axes was being colonized by Lythnun seedlings whicb wcre 
mted and p b e T l O b & d y  inhibited C O I l 4 M d  b D e a r b y  p b b  Of tbe 611Illc 
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Therefore  regardless of epecies, in the  most  severely affected areas, the dginal 
plant F i e s  been killed. The wedlings moving into the vacatcd habitats are 

responding by altered productive  and  rtpfoductive  capacity. in sites ltss severely 
affected the original plants are suxviving, but also with reduced  productive and 
reproductive capecities, and with some etructural deformities. 

"he decrease in productivity as a consequence of oil amtamination has been 
attributed to: breakage of plant stems as a consequence of additional weight from 
the oil; a reduction in transpiration as a cunscquenct of stomatal and intercellular 
lrpace blockage; a reduction in the movement of oxygen to the root environment; 
and a reduction in photosynthesis as a  consequence of blockage of light and 
diffusion (Fcrrell et d. 1984). Most of these  conditions appear more suited to a 

crude oil spill than a light oil. In the present study it appears that in the  most 
heavily amtaminatcd a m ,  the plants were killed as a cmstqucncc of the toxicity of 
the  fuel. The reduction in productivity as i n d i d  in the  less affected qill area 
may have  involved reductions in transpixation or photosynthesis as indicated h v e ,  
or may also have been a residual  effect of the  toxicity of the  aromatics. The 
amtortions displayed by tbe surviving plants tend to point to the httcr. 

Most of the marsh/oil studies  have  indicated  that annuals fare more poorly than do 
perennials in an oiled environment. Annuals have d root systems and low f d  
mcs, thus making recovery h oil pollutioa more difficult than for prcmids 

which have rhizomes able to send forth new growth. In our study we found that 

having an extensive  undergronnd root system was not an asset in the bcavily oiled 
sites as less than 1 % of the  affected phnk were able to send forth new shoots. 
HOWCVQ, anouals which w c n  able to atablish by #od w ~ t  not v a y  successful in 
the beady  oiled environments  and had largely dkppeamd over the cornst of the 
snmma. 

The greenhouse studies were designed to discern between the  effects of oil on the 
various plant components. "he dipping of the pIants allowed a rapid light cuating 
of oil to take place, as if vcry high marsh plants had been washed by a wave 

oovaed by a @lick of oil. Tbe initial effect was death of mome of the leaves, .ad a 
gcncrally dtcrcascd vigour of the plant. Ova the long tam productivity was 

reduced mpmd to that of the control p h k .  Thest findings indicate  that jet-fuel 
(A) has its strongest cffcct on new growth, both shoots and leaves. New shoots 
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are likely to be killed outright, while more mature plants may be able to survive 
oiling with only a duction m productivity. If' plants arc oiled late in tbc grpwing 
season, the greatest effect may be 0x1 pIants such as Cum tyngbyei which me at 
this time producing new shoots for tbe  following year. Only about 25% of the 
following year's growth is produced as overwintering sboots, nevertheless, loss of 
these sboots may drnmatically affect pmductivity thc following year, and may also 

provide a mechanism far the  absarption of fuel into the undaground components. 

To summarize, it appears  that  different plant species  have  different responses to 
bydn>catboos. In tbe  study tuea, the  heavily oiled arcas of C m  have sbown no 
active growth as a conqueacc of tbe  deposition  of fuel on their  ehoots. In fact, 
those shoots affected in April remained  blackened  and withered throughout  the 
growing season. "be fuel appears to have been translocated to the underground 
organs and  subsequently  released into the  stmounding  substrates. This year's 
growth has been destroyed in these plants,  and it is unlikely tbat any of their below- 
ground organs remain viable. Seedling of some annual qecies have  invaded the 

mte, but  even these appear to be stunted in growth compared to seedlings in 
maFfcctcd arras. Vcgc#ivc colonimticm by ncurby plants m y  azur m tbtsc arcas 
provided  tbat  the  fuel  residues are not  concentrated enough to preclude further 
growth. Juncus had a  slightly different response &an the sedge. Tbe above- 
ground components of Juncur contained high byQocarbon levels,  which  did  not 
apptar to be transfed to below-ground components as in Carex. However, no 
=generation occurred, and the  former Juncus community was colonized by 
Lythrurn seedlings which  were stunted and  phenologically  inhibited CMnpared to 
nearby plants of the same species. Therefore regardless of species, m the most 

scvcrcly acctcd  arcan, tbc original plant spccics been killed. Tbc #;cdlings 

moving into tbe vacated  habitats are responding by altcred  productive and 
reproductive  capacity. In rites less severely  affected  tbe original plants are 

mrviving, but also with reduced production, and with etructural defannitits. 



21 

A determinant of the  severity of impact due to an oil spill appears to be the type of 
oil involved. In general, the lighter  the oil the more toxic it is to the  biota and the 
more rapidly spread and  absorbed. Light oils have  a severe effect on the 
environment regardless of when the pill occurs, but b a d  on tbe current m d y  as 
well 8s litcraturc BOUTCCS, it appcars that  the  active  growth period is the most 
eensitive for the  vegetation  communities. Ccrex lyngbyei, (ecologically one of tbe 
most important marsh plants in the Fraser River estuary) because of its habit of 
forming overwintering shoots may have a Mer time of sensitivity to fuel spills 
than othcr perennials. Lighter oils tend to have a shorter  persistence time in the 
environment than the heavy oils. 'Ibe time it takes for the oil to reach the habitat is 
an important  consideration. Weathered oil win cause less damage to the  ecosystem 
and results in a shorter recovery  time (Ganning et. al 1984). Small changes in 
factors such as the height of the tide,  climatic  conditions, wind direction etc. can all 
influence the sever@ of damage as a consequence of an oiI spill. 

Based on the  results of this study, it appears  that there! is recovery taking place in 
the hcavily oiled sites. However, mme of this recovery has been transitmy, as 
&lings were  unable to remain viable in the oil saturated substrates. At present, 
the  communities which existed  at  the  time of the fuel spill have been replaced by a 

very sparse population of different marsh species. It is unknown at the present time 

if these species will be able to persist and thus take ova  the eoologicd role of the 
previous communities, or iftbe original communities will ever be restored. 
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Appendix 1: €fpdrocar;bon Analysis  Results of Vegetation  Samples 
from Vancouver Airport. 
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fDXOCARBCNS I up/g ( w )  I 115 I 36.2 I 1898 I1978 I 17241 1 
ILS 3 GREFISES I uo/g ( w )  14190 I3770 121141 I24841 Ir“418QI I 

””“””””“”””“””“-+”””-+”“”””+”””””+”-””“-+””““”+”””-”- + 

”””””””“”””“””“~+”””~+””””-~+”””””+”---”-”+””~-”--+””--”” + 



Appendix 1: Hydmcahon Analysis Results of Vegetation  Samples 
from Vancouver Airport (continued). 

I~ i r -~c t r~r~ier l t  Canada Lab# 888352 26-May-88 
RESULTS FOR VFINCOUVER QIRPORT SRMPLES 

“””””””~”“”””””-+“”“-+“””””+”””“”+”””-”-+””“”“+”“”””+ 

I I Shoot E I Shoot E I Shoot B I Shoot E 1 Shoot B I 
I I CL-1 I CL-2 I CL-3 I J-1 I J-2 I 

Parameter h a  1 y t e d  1 Units 1 8 8 8 3 5 ~ - 8 ~ € 1 8 6 0 3 5 2 - 8 2 7 1 8 8 8 ~ ~ ~ - 0 2 8 l 8 8 0 ~ ~ ~ - 8 ~ 9 l 8 ~ ~ 3 ~ ~ - ~ ~ 0 l  

DRi3CFlREON IDENTIFICRTION I I - I - I - - I  - I - I 
DROCFIRbONS I ug/g ( w )  IlQ17Sr I 777 I 593 I 274 I 323 I 
CS L GREFISES I u g / g  ( w )  I1388 I 1250 I 956 I 628 I 9@E I 

””“””””””””“”””+”””-+”””””+”““””+”“”””+”””””+”“”~”-+ - 

””~“””“””””””””-+””“-+“”~””-+”””””+””””“+””~””-+””~””-+ 

.””“”””””””””“””+”””-+”””””+”””””+”””””+”””““+”“””” t 

I I Shoot b I S h C d  C I ShoOt C I Shctot C I Shoot C I 
I I 3-3 I CL-1 I CL-E’ I CL-3 I J-1 I 

Fararneter Flnalyzed f Units i 8 C 8 3 5 ~ - @ 3 : 1 8 8 8 3 5 ~ - 8 ~ ~ 1 8 6 ~ ~ ~ ~ - ~ 3 ~ f 8 8 @ 3 ~ ~ - @ ~ 4 l 8 5 ~ ~ ~ ~ - ~ ~ 5 1  
.””””””““”””“””“-+”””+-”-”“”+“”””“+”””””+”””””+””””” t 

‘3ROCRREON IDENTIFICRTION I I - I - I - I - I - I 
’DEDCGRBDNS I ug/g  ( w )  I 273 I 1878 I 644 I 873 I 2’38 I 
LS Et GFIERSES I u g / g  ( w )  I 643 I328@ 12628 I 1648 I 3565 I 
”””””””“””””“””-+”“”-+”“”””+“””””+”””””+”””“”+””””” 4 

.”””””””””””””””+”””-+”””“”+””””“ + 
I f %33t c I ShOGt c I 
I d-d I 5-3 I 

Paramete?. Flna:yzed I Units 188235~-~361eSe352-8371 

ETZCCRRECN I DENT IF I CRT ION I I - I - I 
Inn?. 

:LS 8 SRERSES I ug/g ( w )  I 682 I 532 I 

I t .- 

”””””“““”~“”””””+”””-+”””””-+””“””+ 

u\uCFIRBONS I u g / g  ( w )  I 292 I 355 I 

”””””””“””“””””-+””“-+”””””+“”””” + 



Appendix 2: Hydmcarbn Analysis Results of Sediment Samples 
from Vancouver Airport (continued). 

v i  r-unrnerlt Canada Lab# 68121356, Z€-May-BB 
RESULTS F O R  VFIN. FI IRPORT SRMPLES 

””””””””””””“””+”””-+”””””+“””””+””“”“+”””””+”” - + 
Parameter FIna 1 yzed I U n i t s  188835€-081188835€-88~l888356-003l8883~6-8@4l8883~€-8~~l 

IROCFIRBON IDENTIFICFITION I I n o t e  I - I - I - I - I 
IROCFIRBONS I ug/g I 701 I 415 I 383 1 3241 1 2€4 I 
-S & GRERSES I ug/g I 703 I 465 I 398 I 382 1 333 I 
,3IDUE/FIXED  (SEDIMENT) I rnglKg 18888841 194188041 1984888 I919888 I a7 1 888 I 
~IDUE/VOLFITILE (SEDIMENT) I mg/Kg 1112888 192088 I95688 I81 108 I 12966C I 
!E/ -@.063 MM (-238 MESH) I % I 37. E, I 36.4 I 28.7 I 34.6 I 45.7 i 
ZE/+@.@CS MM (238 MESH) I % I 11.7 I 10.7 I 8.4 I 15.8 I 15.1 I 
ZE/+8. 125 MM (128 MESH) I % I 7.8 I 7.6 I 6.4 I 8. 1 I 7.8 I 
ZE/+41.25 MM (68 MESH) I x I 9.5 I 7.7 I 7.8 I 7.3 i 7. € I 
ZE/+8.58 MM (35 MESH) I % I 10.5 I 18 I 9.7 I 7.9 I 8.4 I 
ZE/+1.0 MM (18 MESH) I % I 9.4 I 9.9 I 3.6 I 18.3 I 7 . 3  I 
ZE/+2.0 MM (18 MESH) 1 . % I 13.5 I 17.7 I 23.4 I 15.9 I 7.4 I 
ZE/TOTFIL  WEIGHT I Q I 64.6 1 62 I 71.6 I 88.2 I 63.E. I 

””””””””“””“”””+”””-+”””””+””””“+””“””+”””“”+””””” t 

-“”””””“”””“””“-+”“”-+“””””+”””””+”””””+”“”””+”“””” + 

””””””“”””””””“+”””-+””””“+”“”””+”””””+”””””+”“””” + 
Pararnet er FIna 1 yzed I Units 1 8 8 ~ 3 5 € - 4 1 8 C 1 8 8 8 3 5 € - 8 ~ 7 ~ 8 8 ~ 3 ~ € - 8 ~ 8 i 8 ~ 8 3 5 6 - ~ ~ ~ l 8 8 4 1 ~ ~ € - 8 ~ 8 l  

””””””“”””””“”“+”””-+””””“+”“”””+“””””+”””””+””””” t 

DROCRREON IDENTIFICRTION I 1 - I - I - I note I - I 
DROCRREDNS I ug/g I 215 I 274 I 533 I 7B€ I 565 I 
LS & GREFISES 
SIDUEIFIXED (SEDIMENT) 
SIDUE/VOLQTILE (SEDIMENT) 
ZE/ -0.063 MM (-2’38 MESH) 
ZE/+0.0€3 MM (238 MESH) 
ZE/+0. 125 MM (128 MESH) 
2€/+6.25 MM (68 MESH) 
ZE/+0 .58  MM (35 MESH) 

I 21€ 
I938888 
I62208 
I 48.5 
I 15.9 
I 8. 1 
I 6.6 
I 9.1 

I 312 
19258841 
I75488 
I 38.5 
I 17.3 
I 8.8 
I 7.2 
I 9.5 

I 535 
I327888 
I73488 
I 36.3 
1 9  
I 9.6 
I 8.9 
I 141.2 

I 744 
I918888 
I82188 
I 34 
I 8.4 
I 6.7 
I 9.7 
I 16.9 

1 
I 
I 
I 
I 
I 
1 
I 

ZE/+l.@ MM (18 MESH) I % I 9.3 I 10.3 I 8.4 I 11.2 I 12 I 
ZE/+2. @ MM (10 MESH) I % I 10.5 I 16.3 I 17 I 12.9 I 14.4 I 
ZEITOTFIL  HEIGHT 1 g 1 83.4 I 7€.7 I 78.7 I 42.6 I 66.5  I 
.”””””””””””””””+”””-+””””“+”””“”+-”-”””~”-.”~””+””””” + 

.”””””””””””””””+””“-+”””””+””””” + 
Parameter FInalyzed 1 U n i t s  1888356-811188@356-012l 

’DROCRREON IDENTIFICQTION I I - I - I 
‘DROCRRBONS I ug/g I 214 I 366 I 
:LS C GRERSES I ug/g I 228 I 425 I 
ISIDUE/FIXED (SEDIMENT) I mg/Kg 1944888 I952000 I 
3IDUE/VOLRTILE (SEDIMENT) I mg/Kg 155608 148188 I 
[ZE/  -0.063 MM (-230 MESH) I Z I 40.7 I 35.9 I 
[ZE/+0.063 MM (230 MESH) I % I 12.6 I 18. 1 I 
[ZE/+@. 125 MM (128 MESH) I % I 6.5 I 5.8 I 
Ii!E/+0.25 MM (60 MESH) I % I 8.7 I 7.3 I 
lfE/+0.50 MM (35 MESH) I % I 10.5 I 9.3 I 
I2E/+1.0 MM (18 MESH) I % I 9.3 I 18.6 I 
IZE/+i?. 0 MM (10 MESH) I Z I 11.7 I 20.9 I 
IZE/TOTRL WEIGHT I g I 69.7 I 98.7 I 

.””””””””“””””””+”””-+”””””+”””“” + 

”””””““””””””””-+”””-+”””””+”“”””+ 



Appendix 2: Hydmcarbon Analysis Results of Sediment  Samples 
from Vancouver Airport. 

v i rc~rlnient Canada Lab# 888351 E‘€-May-PB 
RESULTS FOR  VF INCOUVER FIIRPORT SRMPLES 

-”“-””””””“-----””-+””-”+”””“”+”””””+~””””~+”””“”+“”~ + 
I I R-1 I FI-2 I 0-3 I F-1 I b-2 I 

Parameter R n a l y t e d  I Uni t s  1688351-8811880351-88~188~351-803l680~~1-~~4l85~~~1-@~5l 
~””””””“”””””””~+”””~+“””””+-””””-+”--------+----------+””-”--- .I 

DROCRRBON  IDENTIFICRTION I I - 1 - I note I - I - I 
DROCRRbONS I ug/g I 546 I 586 I 693 I 148 I :15 I 
Si & GREFISES I ug/g I 855 I 951 I 693 I 148 1 115 I 
SIDUE/FIXED  (SEDIMENT) I mg/Kg 1946888 1347888 195708vI 19888P1B I 31 901818 I 
SIDUE/VOLRTILE  (SEDIMENT) I mg/Kg 153588 152788 I43888 I 921 88 180788 I 
ZE/ -8.863 MM (-230 MESH) 1 Y. I 26.7 I 27.5 I 22.6 I 26.7 i 

I 
I 
I 
I 
I 

ZE/+0.063 M M  (230 rCiESt”i 1 x 1 8  I 7 .5  I 6.3 I 6.8 
ZE/+8.125 MM (128 MESH) I x I 4.2 I 3.8 I 5.1 I 5.6 
ZE/+0.25 MM (66 MESH) I .A I 4.8 I 6 . 7  I 9.5 I 8 .7  
ZE/+8.58 MM (35 MESH) I x I 9.2 I 18.4 I 12 I 18.4 
ZE/+l.Q, MM (18 MESH) I x I 12.9 I 14 I 12.7 I 13.3 

22.7 I 
5.5  I 
6.2 I 
8.4 I 

14.2 I 
17 I 

ZE/+c“. 8 MM (18 MESH) I % i 34.2 I 38.1 i 31.6 I 28.G I 26 I 
ZE/TOTFIL  CJEIGHT I g I 84.7 I 87.3 I 117 I 48. E, I 58.8 I 
”””””””””””””””+”“”-+”””””+””””“+””“””+”””””+””“”” t 

“”””””””””“”””“+”””-+-””””-+”””””+”””””+”””””+ 

I I B-3 I c-1 I C-E I c-3 I 
Pararnet er FInalyzed i Units 1 & 5 8 3 5 1 - 0 8 ~ 1 8 8 8 3 5 1 - 6 8 7 I 8 8 ~ ~ ~ 1 - ~ 8 ~ ~ ~ 8 8 ~ ~ 1 - ~ ~ 3 l  

DROCRREON  IDENTIFICRTION I I - I - I - I - I 
DROCRREDNS I ug/g  I 157 I 298 I 563 I 394 I 

”””“”“”““”””“~”-+“””-+”””“”+~””””-+””-”-”+””””” + 

LS & GRERSES 
SIDUE/FIXED  (SEDIMENT) 
SIDUE/VOLRTILE  (SEDIMENT) 
ZE/ -0.863 MM (-238 MESH) 
ZE/+8.@63 MM (238 MESH) 
ZE/+@.l25 MM (120 MESH) 

32 1 I 331 I 575 I 334 
313888 I944888 I934888 I937868 
86€00 I56588 I 6€?0@ I62988 

21.9 I 33.4 I 29.7 I 3 4 . 2  
5.7 I 6.7 I 6  I 7.3 
5.5 I 5.6 I 4.2 I 5.9 

ZE/+O. 25 MM (68 MESH) I % I 141.4 I 7.3 I 6.4 I 8.4 I 
ZE/+B.5@ MM (35 MESH) I % 1 1 3  I 10.6 I 9.3 I 13.4 I 

?E/+!.@ MM (18 MESH) I % I 14.1 I 11.8 1 13.4 I 15.9 I 
:ZE/+2.0 MM ( le  MESH) I % I 29.4 I 16.4 I 31 I 14.9 I 
‘ZE/TOTFIL WEIGHT I g I 68.1 I 82.9 I 83.7 I 79.2 I 



Appendix 2b: HYDROCARBON CHANGES WTTH DEPTH AT TWO LOCATIONS WITHIN SlTE A 
'April 1988' 

ve;getated *tion 

HY- [Wgl oils -[ug/gl 
274 

595  593 
312 

415 366 
228 214 
580 565 
744 706 



x 
f 

$7 
U 

y! 
8 
11.1 

(r, 

d, 

rr 



Appendix 4: 

Site # veg. stem 

A1 
A2 
A3 
B1 
B2 
B3 
C1 
c2 
c3 

4 
0 
0 

45 
54 
70 
48 
54 
62 

Jet-Fuel Quadrat [O. 1m*] Measurements [July] 

# Dead Stems 

10 
7 
13 
0 
0 
0 
0 
0 
0 

## Repr. Stems Dry Wtk] Shoot Dry Wt.[d Rod 

15 
0 
0 

125 
140 
210 
145 
150 
175 

35 
43 
22 
30 
27 
40 
25 
22 
35 

Mean f 1 S.D. I 
A 33.3 f 10.6 I 5.0 f 8.6 0 1.3 f 2.3 
B 

27.3 f 6.8 156.0 f 16.0 2.7 f 1.5 54.7 f 7.0 C 
32.3 f 6.8 158.3 f 45.0 2.7 f 1.2 56.3 f 12.7 



Appendix 5: 

Site # Veg. Stems 

A 1  

53 c3 
50 c2 
65 c1 
68 B3 
53 B2 
47 B1 
1 A3 
5 A2 
0 

Jet-Fuel Quadrat [O.ld] Measurements  [September] 

#Repr. Stems Dry Wt.[g]Shoot Dry Wt.la] Root 

0 
10 
2 
110 
122 
150 
144 
137 
140 

30 I d 4 1  
22 (partially dcad 
16 [mostly dead] 

32 
27 
35 
33 
25 
30 

Mean f 1 S.D. I 
A 

56 f 10.8 B 
22.7 f 7.0 4 f 5.3 0 2 f 2.6 

29.3 f 4.0 140.3 f 3.5 2.7 f 1.5 56 f 7.9 C 
31.3 f 4.0 127.3 f 20.5 2.3 f 0.6 



Appendix 6: ANOVA of Conx Zyngbyci July quadrats - Site vs Biomass. 

One Factor ANOVA XI :  SITE Y3: SHOOT BIOMASS 

Analysis of  Variance Table 
Source: DF: Sum Squares: Mean Square f - tes t :  

. Between qroups 
p = ,0008 797.222 4783.333 6 

I Wlthin qroups 

29.174 23258.333 465  16.667 2 

Total 5 1300 8 

Model I I  estimate of between component varlance = 11230.556 

One Factor  ANOVA XI: SITE Y3: SHOOT BIOMASS 

Group, Count: Mean: Std Dev.: St d. Error: 

A 

26.194 45.369 158.333 3 B 

5 8.66 5  3 

C 9.28 16.073  156.667 3 

One Factor ANOVA X I :  SITE Y3: SHOOT BIOMASS 

Comparrson: Mean D l f f  : Flsher PLSD. Scheffe  F-test.  Dunnett t .  
I I 1 

A vs. B 

.072 ,003 56.4 18 1.667 B vs. C 

6.579 2 1.64, 56.4 1 B* - 15 1.667 A v3. s 

6.65 1 22.1  18" 56.4 18" - 153 333 

* Signif  lcant a t  95% 



Appendix 7: ANOVA of Carex I'ngbyci July quadrats - Site vs 
Number of Vegetative Stems. 

One Factor ANOVA X I :  SITE VI:  'VEG. 57 

Analysis o f  Variance Table 
Source: DF: Sum Squares: Mean Square,  F-test: 

Between qroups 

6302.222 , 8  Total 
p = ,0003 7  1.667 430 6 Wlthirr qroups 
40.969 2936.1 1 1 5872.222 2 

Model I I estlmate of between component variance = 1432 222 

One Factor ANOVA X I :  SITE Y 1: =VEG. ST 

Group: Count: Wean: Std Dev.: St d Error: 
I I I I I 

A 1.333 2.309 1 ,333 3 I 
0 

4.055 7.024 54.667 3 C 

7.31 1 12.662 56.333 3 

One Factor ANOVA X I :  SITE YI:  *VEG. ST 

Comparlson: Wean DlTf.: Fisher PLSD. Schetfe F-test. Dunnett t. 

A vs. 0 7.957 3 1.657"  16.9 16" -55 

A V 3  c 7 716 I 29.767* 16.9 16* -53 333 
I , I I 

* Signif ]cant a t  95570 



Appendix 8: ANOVA of Carex lyngbyei July quadrats - Site vs 
Number of Repmductive  Stems. 

One Factor  ANOVA X i :  SITE Y2: *REPR. ST. 

Analysis  of Variance  Table 

Source: DF: Sum Squares: Mean Square:  F-test: 

Between qroups 

2 1.556 8 Total 
p = ,0394 1.222 7.333 6 Within qroups 

5 818 7 1 1 1  14.222 2 

Model I I estimate of between component variance = 2.944 

One Factor  ANOVA X I :  SITE Y2: 'REPR. ST. 

Group  Count: Mean: Std  Dev:  Std  Error:  

A 

.882 1.528 2.667 3 C 

,667 1.155 2.667 3 B 

0 0 0 3 

One Factor  ANOVA X i :  SITE Y2: 'REPR. ST 

Comparlson: Wean D l f f . :  Flsher PLSD, Scheffe  F-test:  Dunnett t: 

A vs. B 

0 0 2 209 0 B v s  C 

2  954  4.364 2.209* -2 667 A v s  C 

2.954 4.364 2.209"  -2.667 

i 

* Significant a t  95% 



Appendix 9: Comparison of Curex lyngbyei stem  lengths  in July and 
September  at a beavfly  fueled  site. 

" I I 

ClSt'nA-heavy-Jy 188 Cl-St 'n A -heavy-Se /08 
Columns 



Appendix 10: ANOVA of Scirpus validus stem measurements in July at 
a heavily and lightly fueled site. 

O n e  Factor ANOVA X I :  Treat  Y 1 :  July 

Analysis of Variance Table 
Source,  DF: Sum Squares: Mean Square F-test: 

Between qroups 
p =  0001 135.522 2439 4 18 Within qroups 
39.2 1 53 13.8 53 13.8 1 

, Total 7753 2 19 

Model I I e s t i m a t e  of between  component variance = 5 178.278 

O n e  Factor ANOVA X I :  Treat  Y 1 :  July 

Group. Count: Mean: Std Dev St0  Error: 

S v -heavily oi led  

3 978 12.58 1 174.5 10 S.v.-llghtly oiled 

3 358 10.6 19 141.9 10 

O n e  Factor ANOVA X i :  Treat  Y 1:  July 

Comparison: Mean D i m  Fisher PLSD, Scheffe F-test. Dunnett t .  
5 v.-heavfl . v s  s.v -Irg 10.939* 39.2 1 * 6.262 -32.6 

* Slgntf ,cant a t  95% 



Appendix 1 1 : ANOVA of Scirpus vdidus stem  measurements in 
September at a heavily and lightly  fueled  site. 

One Factor ANOVA XI :  Treat  Y2: September 

Analysis  of Variance Table 

Source: DF: Sum Squares: Mean Square, F-test: 

Between qroups 
p = ,0001 207.022 3726.4 18 Within qroups 

82.937 17 169.8 17169.8 1 

, Total 20896.2 19 

Model I I  estimate of between component variance = 16962.778 

One Factor  ANOVA XI: Treat  Y2: September 

Group. Count : Mean: S td  Dev.: Std.  Error: 

5 v -heavily olled 5 264 16.647 125 10 

I 163.6 I 1 1.702 13.7 I 

One Factor ANOVA XI: Treat  Y2: September 

Comparison: Mean Diff.:  Fisher PLSD, Scheffe  F-test,  Dunnett t. 

S.v.-heavll . vs S.v.-lio . .  1-586 9.107 82.937" 13.52* 

* Signif  lcant at  95% 



Appendix 12: COmphsons of scirpw vufidw heights at a heavily 
fueled  sites in July and September 1988. 

One Standard Devlatlon Error Bars f o r  Columns: X 1  ... X 2  
155, I I I 

125- 

120- 

115- 

.J 110- 
: 

45 - 

40- 

35- 
30- t 

1051 , I 1 
Sv St'n A - heavy 09/86 5v St 'n  A - heavy-07/88 

Columns 



Appendix 13: Comparisons of Scirpus vdidus heights at heavily and 

Vancouver Airport. 
lightly fueled  sites at Station  A, and at Station B, 

One Standard Deviatlon Error  Bars  for Columns: X 1  ... X 3  



Appendix 14: Comparisons of C m x  fyngbyci above-ground biomass 
to stem  density  [averaged over a11 stations], 

Vancouver Airport, 

y = 2 . 8 4 2 ~  + .265, R-squared: -992 

-10 ' 0 10 20 30 40 50 60 70  80 
* veg stems 
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