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Freshwater Creek at Roelofs - XS 2
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Figure 1. Cotton Cross Section 1
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Freshwater Creek at Roelofs· X-S at Sediment Sampler
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Freshwater Creek Cross Section 10+00
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Freshwater Creek Cross Section 11+00
Concrete Water Tank Cross Section
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Left bank looking downstream

Freshwater Creek Cross Section 12+00
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Freshwater Creek Cross Section 10+00
Bill Conroy Cross Section
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Second. a1thou~ the authors attempted to COv(o .
a wlde spectrUm ofaquatic animal and plant taxa
ciata from relevant fish specieswere not consideret ..
(e.g.. nonsalmonid fishes). Considering the abmi.
dance of suspended sediment literature on these
other fish species, we an: surprised none of these'
studies were included in their analysis. Third., 'the"
model ignores the effects of additional V1U'ia.bles'"
normally associated with suspended sediment. "
Founh, no' statistical or practical validation ~,_.
cedure~ performed on the model. Effects were' ;,::
substantially. over- or underestimated relative to' :,;:.

, the observed effectS iii ahigh proportion ofcasei>'·~·
Their stresS, index 'model fails~ to'~demffi; ';
ciently acaUaIe predictions' of the'areds of Sus- ":" ,.
pended sediment:to be reliably~ bY'ManagerS ,
of fish stocks (saimonid stocks in particular). In '
this paper, we reveal how each of these points, .
affectS the usefulness of the mess index model:'
We also demonstrate, through examples from OtIr' ,

own research as well as from the published'liter- ':;:~,
ature, that reliance on the~ indeX riiight lead ,­
fish habitat managers to sugestiiiapprOpria1c pol­
icies for the protection of many fish'SiOCks.

Other than quantifiable metabolic, physiologi-" '
cal. and letbal streSSeS (Tabie;I~' ranks 8-14, in"c
NewCombe and MacDonald 1991), 'the relative
ranks of the dfectS of suspended' seciirilcn pre­
sented by the ambon were subjeCtive aDd oftcsl
of debatable biological signijicance.For'~
suspended sedimentWavoidanc:e rCspome"(rank
2) cowd'simply have represented a sheirt-term re- _
ac?on to novel stimuli.~ (1983) ~rted that
initial observations indicating such avoidancebc­
havior pa.ued quickly iD young coho salmon On~

corhyncnw Jdsutch.. Similarly. the wabandomnC1t
ofcover" (rank 3) may. not be a detrimental effect
either, Turbidity may act as a form o(eoVC' fi'orn
predaton.' affecting predator avoidance and fced-
ing behavior of salmonids (Grqory 1990. 1993;
Gregory and Northcote I993). We also see no em­
piric:1l support for the order of the sublethal and
behavioral effects observed (r.an.k:s 1-9). Then:fore.
the varian~ their mod~l accounted. for (64%) was
likelv to have been overestimated.

The st~ index model uses an open-ended tUnc ,
, horizon, which wlll setVe to~~~

impacts. According to the modd. sUsP=ded~ '",
. iment l~ds as low asS mg. VI avera year (los..lS .

. . '" . .i.~"" \, .'
•.1 ,t:-
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Comment: Utility of the Stress
Index for Predicting Suspended

S'ediment Effects

Newcombe and MacDonald (1991) present a
coneentration-<iuration response model intended
to be a conve~~nt tool for assessing environmen­

~ --tal- effectS caused by suspended sediment. As a
I much-needed synthesis of the available literature
I ,'on the impactS of suspended .sediment on sal-

I: monid fishes, their work: is commendable. How­
ever, as an accurate predictive management tool.,

I we find their stresS index model is unreliable. These
I authors conclude that their stress index., log. (con-

,centration x duration), will be useful in assessing
the severity of suspended sediment effectS when

, ~~'. there is a laclc.of either time or resourCes'to com-
\', ~Plete a detiiJ.ed environmc:ntal assessment. Because

... such instances are commonplace., the appeal of an
effi:ctive tool developed for t.his purpose is obv1ous.
The stn=sS index model is seductively simple.

Our concerns have, been P,I'Ompted by the que­
ries of salmon stocle and habitat managers and
hatchery operators in British Columbia, alarmed

. at the effectS the model prediCtS for specitic hat>­
, itats. We have e:tamin~the information reviewed
by Newcombe and MacDonald (1991) and have
found that the data were highly variable., mak:ing
the predictive power of their stress index low. Ap­
plying a general modeI.. such as the stress index.
to a stock-specific problem is a speculative pros-

:: 'pec:t. We agree that duration of exposure as well
, as concentration must be considered in any as­

• sessment of the effect of suspended sediment on
" •~ aquatic life. However, the stress index model is

unn:alistic:ally simplistic. Without more detailed
knowtedge of specific stocks and habitats than the
authors imply to be necessary, their Strc:s5 index
model has limited usefulness.

We have several concerns about the paper's
treatment ofdata from the literature and the con­
clusions Newcombe and MacDonald (1991) pre­
sented. rrrn. contrary to claims in the paper. the
Stre::SS index model cannot be used to predict un­
quantifiable and ~ubjet:tivelyranked effects (Table
I. ranks 1-7:in Newt:Ombeand MacDonald 1991).

, The model also omits concentrauon and dumtion
thresholds. beyond which impacts wll1 not occur,
therefore., many predictions will be: exaggemted.., '
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FICilJR.E 1.- The relationship between stress index (natural logarithm of the product of suspended sediment ':.
· ama:ntl"3tion and duration ofex~) and the ob=rved severitY of impact (i-anX of eifect) on saJmoniclJ (after . y

-' Newcombe and MacDonald 1991). tine: indicateS the prcdic:tion of the stress index moclc1 (rank cif=t .. 0.738'-'"
_. .- logJcona:nuation x duration) + 2.179). We have removed data on aquatic invencbr3.teS·and data on "sedimentS" .::~

;~'. -':',:With confounding toXic effects (e.g., coaI dust-see text) from our reanalysis.. '-". , . ·F(
. , " .. -..... .:~·t·

.....

.::~ .. ,:< t3nt topics. we believe their inclusion in New-
.:-:combe and MacDonald's.(1991) survey was in­

aPPropriate. The confounding toxic c:ffects of coal
dust and iron hydroxide were lilccly Inanifested in
the relevant investigations. Although providing
valuable informatio~ these studies were not de­
signed to sep3r.lte the toxicity from tllc more "in-

· crt" pa.niclc effi:cu (e.g.. angularity, tttrbidit}'; etc.).

For example. given the abrasive clw:aetcristics of
silicon particles, the observed effec:o; of diatorna­
c:eouscarth wen: (not surprisingly) higher than the
model's. predictions. Again, the presentation of

· "generalized" data on particle concetltration is not
appropriate for inclusion into a model purporting
to isolate the effectS of suspended sediment.

Effect thresholds receive no treatment in the
str=s index model. although such threshold values
are common in studies on the infiuc:ncc ofto~
on fish (e.g.. see Sprague 1970). 111reshold re­
sponses also appear in investigation.'1 on suspend­
ed sediment effects (Vinyard and O"Brien 1976;
Confer et al. 1978; Brcitburg 1988). Even when
suspended sediment is acutely lethal to juvenile
coho salmon. monality generally occurs within the

first few days (J. A. Servizi and D. W. Martens.
unpublished data). Such results sugest a duratiOD
threshold response. Similar e1fccts were suggested
by our reaDa.lysis (Figures l~ 2) of the data com­
piled by Newcombe and MacDoiwd (1991).

. Therefore. the logarithmic response assumed by
the model is probably unrealistic.

At both hiih and low stttss· inda values. pre­
dictions ofthe Newcombe and MacDonald (1991)
model were uimiliablc-estimators of observed re­
sponses. At "low Values (:s6). the c:ffi:cts of sus­
pended scdunent on salmoaids were consistently
overestimated (Figure 1). Ouranalysisof~mod­
el residuals (Figure 2) indicated that departureS
from the predicted effce:ts were significant at these
low inda values (analysis ofvariance: P < 0.001,
N - 16). At any given high stress index value (>6).
the range of effects reponed in the litera~ sur­
veyed by Newcombe and MacDonald (1991) was
excessively Large. spanning from £lve to seven ef­
fect categOries (F"1gure. 1). Standard deviation of
the model residuals was 2.3 nmk effect units. in- .
dicating that about4O% ofprcdictcd impactS would
be in error by at least 2.0 rank effce:t tmiu. Fi~. .

'... "

• 'J•.



: loo. ..... _ :

) I. ~

871

and Northcote 1982) and feeding rate (Gregory
. 1990; Gregory and Northcote 1993) of under­
yearling chinook salmon are high in such "stress­
ful" conditions. Although these fish are exposed
to numerous other environmental factors during
their estuarine residency, the stress index model
is clearly not supported by these latter investiga­
tions. On the contrarY. the historical evidence for
large salmon runs in the Fraser River (Nonhcotc
and Larkin 1989) strongly suggests that suspended
sediment concentrations in the migratory and
rearing portions of. the river are nonlctbal.

We find NC'W'COmbe and MacDonald's (1991)
paper a timely addition to the literature because
of the value of their synthesis of widely scattered
published accounts of suspended sediment im­
paCts on salmonid fishes. However, we maintain

. that the str"CSS index model of Newcombe and
MacDonald (1991) represents an .oversimpliJica­
tion of the complex interaction of suspen;ted sed- .
iment and the biology ofsalmonid fishes. At best.
the predictions of the model1aclc the precision to
be usefu1 for salmon habitat management. At worst,
underestimating potential effects may lead to se­
rious d.anuge of a1fected salmonid stOCks by
prompting incorrect ~bitat ~ent actions

,",>
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2 also suggests that the degree of error inCreases
. with the value of the streSs index. We believe that

the observed effectS depart so frequently from the
predictions of the model that the stresS index is
unreliable for management use.

Suspended sediment loads in the Fraser·River
can range up to 1,050 mg' L-I (Servizi and Gordon
1989; Servizi and MartenS 1992) during the peak

. ofthe juvenile salmonid outmigration and turbid­
ity ranges from 30 to more than 100 Jackson tur~

bidit)' units from May to AUgust (Northcote and
I..arlcin 1989). The stress index model suggests that
as few as 2 d of exposure to these Concentrations
would be sufficient to cause 20% monality (stress

, index - 10.8). We have observed suspended sed­
iment concentrations greater' than 50 mg· L-I. in
side channels where undcryearl.ing chinook salm­
on rear for up to 2 months (Levy et al. 1979; Levy

t and Northcote 1982). Even in these relatively
I "clear" habitats. the stress index model pm:iicts
r that monality could reach 20% during such a re3-

idency period (stress index - 11.2). By definition.
the survivors would also be subjected to all (or
most) of the lower-ranked. e1J'ectS as well (e.g.. neg­
ative growth, physiological damage.. and popula­
tion decline). However, both growth rate (Levy
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In the past, the concentration-raponse modd
has provided a convenient compromise between
administrative (i.e., rqulalory) requirements and
our relative laclc ofknowledge of the toxicoJogicaJ
effects of suSpended sediment as a function ofdu.
ration ofexposure. However, the time-<iependcnt
effects of suspended sediments an: now bena un­
derstood and the concentratio~nsemodd
seems to be somewhat dated. A comparison ofthe
traditional concentration-response model with a
dose-n:sponse model (dose -'concentration x. du­
ration) indicates that concentration alone is only
weakly correlated with severity of r.mked effec:tS,

, whereas the dose is mon: strongly correlated with
those same effects (Newcombe and MacDonald
1991~ .

As indicated above, the need for a dOSe-re~

sponse model applicable to suspended sediments
is not at issue. However, in their Comment, Greg­
,ory et al. have 'raised a number of questions re­
garding the reliability of the "model" presented in '
our anicle (NeWcombe and MacDonald 1991).
These indicate thit they have misinu:rpmed the
intent of the suesS index <sn "model" presen~
in our original publication. Therefore, the follow­
ing discussion is offered to .cl.arify the original in­
tent of our paper and to present the stress index
madel that was developed in the course of our
research on the impactS of suspended sediments
on aquatic ecosystems (Newcombe 1986, 1993).

Aquatic ecosystemS thro\lihaut Narm Am:rica
arc affected by pollution episodes that have the
potentiai to adversely a.tfec:t fish. invencbrates. aDd

.aquatic plants. Although many concerns have been
raised in recent years regarding the impactS oltox­
ic chemicals that an: released into these systems. .
the mobilization of fine inorganic particles and
their subsequent deposition in sensitive habiwi­
are, arguably, the most pervasive problem facing
aquatic envi..."onmental managers. Howevcr.-until
recently, researchers in this field have provided
these managers with little practical guidance for
making regulatory decisions.. In the absence ofef­
fect-based water quality guidelines for suspended
sediments. regulatory decisions have gencnilly been
either arbitrary or based on background condi­
tions at the site. In either case., it was as..'"Um.ed that
consideration of concentration of suspended sed­
iments alone would provide an adcquau: basis for
proteCting the environment.

The effectS ofan environmental contaminant on
aquatic orpnisms vary substantially dcpc:ndingon'
dive4Se factors; including species and life 313gC,

ambien t water quality conditions, temperature. and
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Although then: is genc:rat agreement that there
r- is a need for a,simple method to predict the ad­

verse effects ofsuspended se¢ime:nt in aquatic ec0­

systemS. there is still some d.i.sagrec:ment ,on the
.. enc:nt to which the existing information can be
.. used to develop such a tooL It is useful. therefore..
_ to recapitulate the ret:ent history related to our
, undem.anding of the environmental toxicology of

~ suspended sediments.
- The pollution control strategies used during the

19705 and 1980s were based on the assumption
that suspended sediments would cause little or no
hann to fish and aquatic life at relatively low con­
centrations. regardless of the duration ofexposure

'. to those levels. In those days. concentrations in
: the order of 25 mg' L- I wac frequently accepted.
.- for pollution control purposes., as the thresholds
~ for advme biological effects (e.g.. USEPA 1973).
;.. The concept of exposure du.r.1tion was not cotWd­
.. ered in the poUution control paradigm. and thus
:..., low-levd poUution epis0de3 were officially toler-

ated for indefinite periexU of ~e.
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ature in association With pollution episodes with
suspended sediments was created. Subsequently,
each of these effects was subjectively ranked in
incrc:J.Sing order of severity (considering the p0­

tential long-term impacts associated with each
endpoint measured) to provide a basis for com­
paring the two models. The results of the I"Cg%"C3_

sion analyses performed on these data indicated
that concentration alone was only poorly com­
lated with severitY of effects, whereas dose (mea­
sured as pollution intensity, mg·h·'L-I) was more
strongly correlated with ranked effect. From this
information., it waS concluded that pollution in­
tensity (which. was converted to stress index by
taking the natural logarithm) provides a much more

reliable tool for assessing the severity ofenviron·
mental effects ofsuspended sediment episodes than
does concentration aionc. However, the~on
equation reported in this study was n~..meant
to be used as a predictive model to precisely es­
timate the nature and sevcrlty ofeffects on aquatic .
ecosystems. IDdeed.. we aplicitly stated that the
considerable variability among the data in the Iit­
eraiure was 1.ik~ly to limit the applicability of the
stress index for predicting precise responses of.
aquatic biota to suspended sediment~ .

Notwithstanding the foregoing discussion. we
have developed a stress index model for assessing
the potential impacts of suspended sediment pol­
lution episodes in coldwater ecosystemS. In con­
trast to the interpretation provided by Gregory et
al., however, this model is not represented by the
regression equation reported in Newcombe and
MacDonald (1991). Rather, the stress index model
(as rePorted in Newcombe 1986, 1993) was. in­
tended to identify ranges of pollution intenSities
that are generally assOCiated With three broad at­
egories of effects in fish and other aquatic organ­
isms, as follows:

Reliability was one of the central issues ad­
dressed by Gregory et a1. For this reason. we have
attempted to evaluate the predictive C:lpability of
our stress index model by using an expanded ver­
sion of the database described in Newcombe and
MacDonald (1991). This expanded database (which
now contains 203' records) includes information
on a diverse array of fish species and endpointS
that are relevant to the assessment of suspended

BaJaanonJ dfeea

o ' No .dvcne elfC'CU observed
I Alum reaction
2 Abandonment of cover
3 Avoidana: roponsc: chanIc in swimminc

behavior
~ Reducuon in f=dine t2'C

Delciption of elfect

5abIdJaaJ efl'eea
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6 MoclcB'C physiolocical sm:ss
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". .' TABLE I. - Revised ranlting of dfet"lS of sll1pended
sedimc:nu on fish and aquatic life.
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:"?; ~-\he presence of disease organisms and other con­
:.)~~ .'':-- taminants (see CCREM 1987 for comprehensive
. . :'.:'.:::. smnmaries of the available toxicological data. for

. .numerous substances). However, the ccrncentra­
.' . ::.: tion of the substance and the duration ofaposure

'.: to that substance are probably two of the most
important factors affecting the toxicity of the ma­
jority of environmental contaminants. It was sur­
prising to see that much of the published rc:earch
relating to the effects of suspended sediments has
failed to mclude information on the dm-ation of
exposure. Together, the available data led tis to
believe either that exposure duration was not con­
sidered to be a relevant factor for asse;sing the

. '. imPacts ofsuspended sediments or that there were
.;::. .. :;; operational difficulties associated with the coUec­
-" 'tion of the required data.. Regardless ofwhich fac-

," tOrs have precipitated this information deficiency,
it is our belief that the concentration-response
model implicit throughout the literature OD sus­
pended sediments is fundamentally ftawai.

The primary objective ofour article (Newcombe
and MacDonald 1991) was to evaluate ule appli-

. cability of the concentration-response model de­
scribed above. As a basis of comparison. a dose­
response model, consistent with those developed
for other environmental contaminants, was also
described. In this context. dose was considered to
be a function of both concentration and duration
of exposure. To support this evaluation, a listing
of the effects that had been reponed in the liter-



TABLE J.-Swnmary ofrecc:nt information on ,the effects of suspended sediments on underyearling salmon.

5trea .'~ --_ .. ScrYizi
CoIIClCD- iDde:z RaD.It ' ..

ON:Orlryru:iws tnlnon ~tion Cms·h· of ManI:DI
~e:s cms'L-ll (h) L-I)& mea e&a ()oear)D

<Abo Almon O. Jci.nudt 20 0.05 0 No increuc in COuahinl~ 0 1992.
300 0.17 3.91 AvoidaDce bebav;or 3 1992

2.~ 0.05 ".11 O:luahin& fn:q-oeoc:y in=::ued 5 1992
240 24 8.66 O:luahinl £n:qucuc:y incn:::ued 5 1992
530 96 10..J4 B100cI glUCOle CODCI::DtnllioDS in.c:n:ucd 6 1992

2.460 14 10.99 Fa. of CDU&b rc:11= & 1992
1.000 96 11."7 No mortality 10 1991

Soac:ye salmon O. nmc.a 1.261 96 1t.7 Body mom\l1llcollu::at mdua:d & 1917
2.100 96 11.21 No morulity 10 1917
3.14& 96 12.62 Trauma in Ii\l tissw:s ev;dcnt 8 1917

Cobo aalmon 8.000 96 13..55 1'l1t monality 10 1991
&.100 96 13.56 50'l1l monality 12 1991

Soac:ye salmon 9.000 96 13.67 No morulity 10 1987
13.000 <l6 14..3 9O'lIl morulity 14 1917
17.560 96 1....34 50'l1l morulity 12 1917

Cabo sa.lmon ~700 96 14.59 50'lb morulil)' 12 1991 1,SocUye salmon 1.3.900 96 14.65 9O'lIl moruliI)' 14 \917

• Suea iDdcs. -Ioa.(coaccntrauoa x dunuaal.
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TABU 2.-lncidena: of behavior-d. sublethaJ, and'le·
thal effccu wi thin the three nn;=ofpollution intensities
identified by the stress index model. 51 ­
log".(conccnU'lltion )( duration).
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30 &6.7 1303 0
IjO 703 "2.0 jO.7
12.3 3.2 no 7.....

Number lAc:ideDce C""j of e:adI type of dIi:a
of

reeortb Bebavionl SubletlW 1.eIha1

!lanse of
polluu01l

intensity

51 < 6
6 ~ 51 ~ 12
51> 12

should be exercised in applying the model to sit­
uations outside of the range of conditions from
which it was developed (Leo, from 7 to 300,000
mg' L-1 and from 1 min to 1 year).

The stresS index model is intended to provide
resource and envii-onmental managers with gen­
eral guidance for assessing the impacts af'ms­
pended sediments in aquatic ecosysteIDi In this
context. the model provides a convenient"screen­
ing tool for predicting the severity of effects'as­
sociated with pollution episodes of me.a.stired in­
tensity. When pollution intensities fall within the
lowest range identified by the model (SI < 6), only
minor biological effects are likely to be observed.
Therefore, generally it would not be necessary to
initiate regulalory or remedial actions at the site
under investigation. Hawever,.modcrate and se­
vere impacts on aquatic ecosystemS are predicted
when pollution intensities fall within the moderate
(Le..6 :s SI :s 12) and high (i.e.. SI > 12) ranges,
respectively. Under these conditions, it is rec-
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sediment impacts (Newcombe 1993). A revised
ranking system has also been created 10 more ad­
equately reflect the information that is currently
contained in that database (Table I). As such. a
substantial quantity ofdata is available that relates
suspended sediment intensity to severity of effect.

A preliminary evaluation on the reliability of
the model was conducted by determining the in­
cidencc of each category of effect within the three
ranges of pollution inu:n.sities identified rrable 2).
The results of this evaluation indicate that the
stress index model provides a reliable basis for
predicting the potential ofimpacu cusociated with
pollution episodes of various intensities. A very
high incidencc of behavioral effects (86.7%) was
observed within the lowest range of pollution in­
tenSities (S1 < 6); sublethal and lethal effectS were
obServed only rarely within this range. At stress
indices of greater than 12, lethal effects were ob­
served with the greatest frequency (74.8%), and
the incidenceS of behavioral (3.2%) and sublethal
(22%) effectS were relatively low. Therefore, the
stress index model provides a reliable tool for es­
timating the potential impactS of suspended sed­
iments within these two ranges ofpollution inten­
sities. However, both sublethal and lethal effects
were· observed between these two ranges. which
indicates that the stresS index model tends to un-

derestimate the etfcasof suspended sediments
within the intermediate range of pollution inten­
sities (6 ~ SI ~ 12). Therefore, care should be
exercised in applying this model when pollution
intensities fall within this range. Similarly, care
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can be developed for other speciC3 and life history
stages and challenge I"C3CarChcrs in this field to
generate then~ information.
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COMMENTS

.'
876

.f'" severity of effect ... 0.&49 10~ - 0.591;

; is intensity of exposure (mg' h·L -1). These data
" cOnfum that the natural logarithm of suspended

:."~" sediment intensity is strongly correblted with
7" , , ranked effect in underye:ui.ing salmon. Although

the slope of the quantitative relationship is similar
~. ,to that reponed by Newcombe and MacDonald

;:. :
, (1991) for salmonids and aquatic invertebrates.

'~i :;the intercept is different (-0.591 compared to'
'+2.179). ThC$C data validate the sm:ss index

, model, but indicne th:1tjuvenile salmon are some­
what more resistant 10 the effects of suspended
sediments than the SpeciC3 ~resented in the orig­
inal data set. We believe that similar "models"

.;-..

:'>;,1. '

ommended that funher investigations be con­
dUcted to evaluate the nature and extent of the
impact3 that arc actually manifested at the site.
This preliminary information will provide a rel­
evant blUu for detcnnining the need for and de­
veloping a remedial action plan to protect aquatic
biota.

We concur with Gregory et al. that there may
be a need for a more 'precUe model for assessing

.;. the impacts of suspended sediment pollution in
certain situations (e.g., spawning challnel cleaning
operations, etc.). However, it is unlikely that the
existing data would suppon the development ofa
more precise modeJ that could be ,tpplicd uni;,
formly to fish, invertebrates. and aqu.atic pLants.
Moreover, the uncertainty inherent in most oCthe

~ ..~~
monitoring data collected on suspended sediment
episodes in the aeld (limited numbers ofgrab sam­

" :~',~ ; pies are normally collecied over short time peri­
", '\. ods) would restrict the application oh more pre­

": 'cisc model, even ifthe available toxicological data
7,"jf:" 'supported its developmenLTherefon:. efforts in
,.': ,this area ought to be focused on the establishment

*.'; •:'0£ quantiutive dose-response relatitlnships for
~,;:; "specific species and life stages of aquatic argan-

;'isms. ., "

, To illustrate. this Process. a prelimiaary dose-
'''# ,response relationship sPCcific to und~earling

salmon has been derived,: Regression analysis of
the recent da~ on the effeas' of suspended sedi­
,ments on these reccptorS'(data that are indepen­
dent of the origina.l database: Table 3) results in

, the following relationship (,,2 = 0.86, N .. 17, P
, " :~, < 0.01): , .
'.'

;ro':' ..••."', .
.'\


