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water quality of the Fraser River, British Columbia:
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Summary

Rapid bioassessment protocols are widely used in the USA and are based on the multimetric
approach in which scores for several individual metrics {or measures) are evaluated against
thresholds developed from reference sites, and a composite score is then calculated The
multimetric and multivariate approaches that use benthic macroinvertebrates in assessments of
water quality (e.g. RIVPACS, AUSRIVAS, the BEAST), are similar in their data collection
methods, but differ in the way reference sites are selected, test sites are classified and test site
assessments are made,

Forty-four metrics were calculated from collections of benthic macroinvertsbrates made at
seventeen sites in the Fraser River catchment, British Columbia, Canada, in 1994, They
included measures of richness (17 mefvics), numbers of individuals (16), functional feeding
groups (10}, and a biotic index (1), Richness measures hed the lowest variability in mean
values across the five basins (or subcatchments) examined, and the lowest coefficients of
variation based on replicate samples collected at a single site within each basin, Most (59.1%)
metrics could be calculated at all sites examined in this study, and most (35.3%) correctly
indicated impairment when impaired and waimpaired sites were campared, However, incorrect

* indications of impairment were noted in 40 to 60% of the metric comparisons made between
- Unimpaired sites located in different ecorcgions, between unimpaired sites in different streams
of the same ecorsgions, and between unimpaired sites in the same stream.

Richness meteics consistently had the lowest error rates of all the metrics examined.
Incorporation of non-richness metrics into multivariate approaches may increase incorrect
lndications of impairment ¢j.e, Type I errors).

Multimetric approaches should comsider incorporating multivariate analyses for defining
feference conditions and assessing impainment of test sites. Collaboration among users of
Iultimetric and multivariate approaches can enhance both types of water quality monitoring
md assessment programs.
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4 aches employed for water qualiﬁy monitoring have becon:xe c_ios_ely identified with
;:?::ﬁg:s of origin and development, examples being the Saprobien index from Germany

' (Cairas & Pratt 1993} and RIVPACS from the UK (see Chapter 1). The rapid bioassessment

iocals developed in the mid-1980s (Plafkin, Barbiour e al. 1989) are most identified
l:?m menitoring in the USA. Rapid bioassessment attempis to provide an integrated assessment

of an aquatic resource, comparing habitat (c.g physical structure, flow regime) and
hiological measures with empirically defized reference conditions (Barbour, Gerritsen ef af,

lgizs].h ¢t al. (1595) have noted that in almost all its pcrmutatifms (see the appendix in Resh &
Jackson 199%), rapid bicassessrent approaches use techmquc.s that atfempt to evalu;?m
assemblages of benthic macroinvertebrates at reduced costs relative to those assoc}ated wn:h
traditional, more quantitatively rigerous assessments. The‘ effort (and cost) of b‘enl‘]nc ana-lys:s
is reduced with rapid bioassessment because of four specific feature..s. Pirst., a single mla{uvlely
Jarge sample, covering an area several-fold larger thap that in tradmfma] quantltat‘we
collections, is taken instead of several replicate samples. Second, a standa.rdlzed subsampling

adure js used (e-g. the first 100 to 300 organisms randomly sorted), which both reduces the
pmcbe of organisms processed and provides a relatively consistent unit of effort for the
m rm of all samples. Third, identification is often only to family level. Fourth, the results
prfo::sr: gs can be summarized in ways that can be understood by non-specialists, such as
;mg:g, other decision makers, and the concerned public. . ] .

Ragid bioassessment protocels in the USA are based on thef use of mu!tlmetncs: This
approach attempls provide an integrated analysis of the bl_ologxcal community at a site, by
caleulating various melrics {or measures) representing functional or sl.mctlhlral aspects of the
commanity, and summing these info a single score. Their use has not been without controversy;
for example, potentially important ecelogical informiation may be. llost by aggrelgatmg
individual meastres into an index (e.g. Suter 1993; Polls 1994). In ad_rlmon, some metrics are
\q varjable fo delect impainment consistently {or may indicate impairment when it does not
ocew) and are based on sabjective criteria (Resh & Jackson 1993; Haonaford & Re§h 1995).
Hawever, supporiers have argued thae the advantage of a multimetric approach is that it
incorpor:;m ecological information on how aquatic organisx_ns feed, reproduce, and_ exploit
heir habitats (Fore et al, 1996) into assessments of water quality. 'l:hey suggest Lh.'%t reliance on
combinations of multiple measurcs minimizes the weaknesses of individual metrics {Barbouy,
Gerritsen ¢f af. 1999, among others). These debates are often *“apples and oranges” in content,
and the resolution of these differences scems to be‘fax from over, '

The use of the multimetric approach in biological monitoring has expal_]ded greatly in the
USA over the past decade. Currently, 47 of the 50 states use benthic macroinvertebrates as th.e
“tgrget assemblages” (Utah, Nevada, and South Dakota do not, probably bec.ause thc_u'
waleabte steeams flow intormitenely), 31 states also vse 1.ish and five use periphyton in
bioassessments  (Barbour er al. 1995; Barbouf-, Gemritsen et al .1999). Bent!m:
mzcroinvertebrates ame the hasis for most biomonitoring programs currently i use worldwide
{Rosenberg & Resh 1993b), and the reasons for this clhoic:t.e are clear @osenbem & Resh 1996).
State programs in the USA are usually based on modifications o_f a naticnal program deva]np_ed
and promulgated by the United States Environmental Protection Agency {USEPA) (Plafkin,
Bachour et al 1989)- ) ) ) _ .

The pupose of this chapter is te fleternnne which mefrics are most a_ppmpnate for
examining impairment in the Fraser River catchment, Canada, and to examine how‘lhese
wesults could influence users of multimetric and multivariatz approaches. To do this we
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examine a range of metrics in two ways: (1) do they detect impairment when impairment

occurs and (2) do they give incorrect indications of impairment when no impairment ocours
{Type 1 errors)?

How do multimetric and muléivariate approaches differ?

Both approaches mvolve similar methods for collecting benthic macroinvertebrates, but the
range of environmental variables used i the multivariate predictive models are not generally
measured when multimetric collections are made. Tostead, a habitat assessment supplements
the biological information collected in the multimetric approach (Plafkin, Barbour ef ol 1980;
Hannaford et al. 1997). The iwo approaches diverge further once the samples have been
collected, sorted, and specimens identified. In multimetric analysis, sites are grouped a priori
based on their geophysical atributes, and final classification is based onm taxonomic
composition. In multivariate approaches, siles are classified into groups using clustering
methods based on the similarity of their species composition.

In multimetric analysis, selection of reference sites for comparison with a test site is based
on the geographical or physical attributes of the site, whereas in multivariate approaches,
selection may be based on the sites in the reference group with which the test site has fhe
highest probability of inclusion, using a discriminant model {e.g. fie BEAST, Chapters 11 apd
12}, Alternatively, the selection may draw on information from several reference groups,
according to the weighted probabilities with which the test site would be included in those
reference groups {e.g. RIVPACS and AUSRIVAS, Chapters 1 to 10), Finally, test site
assessment in the multimetric approach is based on quartile distributions of additive metrics. In
the multivariate approach, it may be based on a comparison of the test and reference sites in
taxa ordination space, using probability ellipses constructed around reference sites (the
BEAST) or 2 comparison of the taxa observed at the test site and those expected o be present
at the site, based on weighted probabilities of taxon occurrence (RIVPACS and AUSRIVAS),
The above distinctions are discussed in detail by Reynoldson, Norris e al. (1997),

Reynoldson, Notris e al. (1997) compared two multivariate predictive models (the BEAST
and AUSRIVAS) with a multimetsic analysis. The latter was done using two groups of metrics.
First, a fixed list of metrics medified from Plafkin, Barbour ef al. (1989) was used, which
included caleulation of the following: (1) number of individvals; (2) nomber of famikies; (3)
percent of Ephemeroptera, Plecoptera and Trichoptera (EPT) individuals; (4) percent of
Chironomidae individuals, (5) ratio of the number of EPT individualsfiumber of EPT +
Chironomidae individuals; (6) ratio of the number of Hydropsychidae individuals/number of
Trichoptera individuals; (7} percent dominance of a single taxon; (8) the Family Biotic Index
(Hilsenhoff 1998), Based on input from M. T. Barbour and J. Gemitsen (Tetra Tech Inc.), a

" second multimetric analysis was carded ont in which the number of individusls was deleted,

end the ratio of the number of EPT individuals/fnumber of EPT + Chironomidae individuals
was replaced with the ratio of the number of Baetidae individuals/number of Ephemeroptera
individuals. A composite score was then caleulated, based on the similarity of metrics to the
appropriate reference site classification. Precision (i.e. whether all replicates at a-single site
were consistently designated as impaired or unimpaired) and accuracy (j.e. designations of
unimpaired sites as wnimpaired) of multimetric assessments were estimated. The precision and
accuracy of the Iwo groups of metrics were then compared within ecoregions, stream order,
and biotic classifications.

The results of this comparison indicated that the two mullivariate models performed
consistently better than either of the fized metric designs (Muldmetric 1 and 2 in Table 13.1).
In one comparison of precision, the BEAST performed less well than AUSRIVAS. However,
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Methods
Study area

AUSRIVAS failed to designate a known impaired site as impaited, which th .
designale as impaired. B e BEAST gig _

Table 13. l_. Comparison of precision (A} and accur&cy {B) of four methods empioyed for assessing water quatjry by
vertebrate composition ai sites in the colchment of the Fraser River, Canada. Results are expressed
as percentages of correct assessmenns for impaired and unimpaired sires,

e analysis is based on benthic macroinvertebrate collections made in the Fraser River, a
tchment that cavers ca 230,000 km? or 25% of British Columbia, Canada’s westernmost
ovince (see Chapter 12 for further description). Althouph the Fraser is one of the last
regulated large tivers of North America, urban and industrial pressures pose & severe threat
the health of this ecosystem. The research described here attempts to address the problem of
Jjution in the Fraser River catchment, through the development of a biomonitoring program
Efor assessing water quality using benthic macroinvertebrates.

{550 Reynoldson, Norris er al. 1997 for dditional details),

Method of asscssment Ecoregion ) Stream arder Biotic grauping

(A). Designalion of seplicates al each site as eithey ALL impaired or ALL unimpaired

Mullimetric | . .

Ml s g gg gg Sampling methods and analysis

BEAST 80 100 80 E Eventually, the Fraser River study will involve analysis of benthic macroinvertebrate data from

AUSRIVAS 100 100 100 ¥ miore than 250 sites. In the analysis presented here, we use results from second to fourth crder
(B). Designation of unimpaired sites as unimpaired sites in five subcatchments from five different ecoregions of the Fraser River catchment (Table

Multimetrie [ 50 - 38 s P 13.2). ) ] ) )

Multimetric 2 P b & B Rosenberg et al. (2000) provide deta:lsl of the samphr_lg and laboratory sorting program. '.I‘he

BEAST 100 100 160 ¢ data used for this present study were obtained from 13 sites located throughout the Fraser River

AUSRIVAS 100 100 100 % catchment (Table 13.2). Samples were collected from rifffes using a triangular kicknet sampler

(38.5 cm on each side). Either one sample unit or 35 replicate sample units, each of 3 minutes
duration, were collected on each site; subsamples of the frst 200 organisms encountered were
subsequently sorted and identified from each sample unit.

Benthic macroinvertebrates were identified to the lowest taxonomic level (genus and in some
cases species) in the Fraser River study. In this analysis, mefrics were calculated in two ways:
(1) at family level, because this is the approach used in many rapid bioassessment programs;
(2) at genus or species level when possible {e.g. not with the Family Biotic Index or percent

Table 13.2. Description of sampling sites in the catchment of the Fraser Riven Canada,
used for the analysis shown in Tables 13,3 and 13.4.

* Sites where replicale samples were Laken.

Subeatchment  (Site) River Order Ecoregion Empacts Chironomidas), as used in other programs. A total of 44 metrics was examined, including the
Salmon ©1)  Ssimon River ) Trommen R o same nine metrics used by Reynoldson, Norris er al. (1997) in the analysis described in Table
(02  Sslman River 1 pron-Olatigen Flassau - None 13.1, and an additional 35 metrics chosen from Barbous, Gerritsen et al. (1999).

(03)*  Salmon River " Agriculture, logging The 44 metrics can be divided into four groups: measures of richness; numbers of
(04  Salmon River 3 Agriculture, lopging ¢ individuals (or enumerations); functional feeding group ratios; and a biolic.index. Analysis of
Chifcotin (4} Cluska River 4 Fraser Platean None ¥ each metric involved ‘calc_ulatmg the co?fﬁuents of variation (CV) for sites in six streams
(05)*  Paimer Creck 4 None H (marked with an asterisk in Table 13.2) in the Fraser River caichment. Test sites included a
(08)  Cluska River 4 None * known impaired site {Salmon River (4) and known wnimpaired sites. These designations were
Clearwater o determined by personnel who are knowledgeable with this area (see the description of the
E{,z;- ggﬁ:ﬁf’;‘k i Sovthern Rocky M. Trench :3:; warkshop conducted for this purpose, in Rosenberg er gl. 2000), examination of the area
Piti ©h  PinRiver , Pacific Ran around a site (by helicopter) before sampling, and examination of a site while sampling,
©  Piu River 5 8% g::: To determine if impairment could be detected at the known impaired sites and, conversely, to
©3) Pt River 3 None determine if impairment would be incorrectly indicated (Type I error) at known unimpaired
(06)*  Pitt River 3 Nonsa sites, we compared: (a) known impaired sites with known unimpaired sites (Salmon 03 cf. 01,
{07y Pite River 4 None and 03 cf. 02); (b} vnimpaired sites of the same stream order in different ecoregions (selected
08) it River 4 None because of their geomorphic similarity, e.p. Cleacwater 06 ¢f. Smart 02); {c) unimpaired sites in
Stuart 02)*  Condil Creek 2 Omeineca Mis, Fraser Basin ~ None different streams of the same order in the same ecorcgion (without regard to geomorphic
(04 Lion Creek Trib. 2 Noae similarity, Clearwater 03 cf. 06, Chilcotin 04 <f. 05, 05 cf. 08, Stuart 02 cf. 04, 02 <f. 06); (d}
(06} Lion Creck 3 Neae sites of the same or =1 arder in the same stream (Pitt 01 <f. 06, 02 cf. 06, 03 of. 06, 07 cf. 08).
Statistical analysis of these comparisons imvolved one-tailed f-tests at p = .05, as
recommended by Barbour, Gerritsen et al (1999); a one-tailed kest was used because the
metrics change in one dircction (e.g. a decrease in number of taxa present with impatrment).
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Because we were using known impaired .o;:u\nimpai:ed sites, and examining retric response
individually, a Bonferroni cofrection was nognéccssary.
Results,
. Variability of 44 mietrics
The first analysis examined the vartability of 44 mietrics, \i.'high included_bot_h the fixed list of
metrics advocated by Plafkin, Barbour er of. (1989), marked with an asterisk in Table 13.3, and
other metrics proposed for use in Barbour, Gerritsen ef al (1999). Mean values and CVs

(expressed as percent) for all metrics vared greaﬂy, sometimes by over an order of magnitude
at the six sites in different basins (Table 13.3).

Table 13.3. Mean metric values/coefficients of variation (CV %) for selected me!ri-::s at six stream sites in the
catchment of the Fraser River (see Table [3.2 for descriptions of sites) for which replicate samples were collected.

* Molrics that were typically used in the fixed-metric approach ofPlaﬂii_n. Barbour et al. (1989);
for a complete description of melvic calculation see Barbous, Geritsen e al- (1999).

_— indicates that the meteic coyld not be calculated af thar site,

itk 1 il be higher than values for taxa heceuse some smailer
N = number of Families or Taxa; valees for fapilies may b :
specimens could be identified only to family, EPT = Ephemeroptera, Piecoptera and Trichoptera ca mbined,

(1) Ratio of EPT Individuals/Chironomidie + EPT Individuals.
CH! = Chilcotin stbeatchment; CLR = Clearwater subcatchment; PIT = Pitt River subcatchment;

SAL = Sal River subcalch - STU = Stuar subcaichment (see Table 13.2).
Metrics CHIO5 CLR 06 PIT 06 PLF 07 5AL03 sTO 02
Richnesss (n=% =5 =3 (n=5) (n=3) (h=5}
Total N Taxa 27.6/1L0 284769 12.0f25.0 19.8/83 2:2‘.: 1?‘4 f;g‘i‘;—:
*Total N Families 200/ 87 16.4/14.0 10.3/14.8 14.2/12.7 t .w . 7 14.4“ 2
N EPT Taxa 9.6/16.3 154142 9.0/15.1 T5/11.4 B8, A ][)‘2[16:1
N EPT Families 0.6/119 i1.298 T.131 846133 Ti‘?‘; 19. 5.5;7_40
N Ephemeroptera Taxa 30624 32211 3.0/0 &62/13.5 L wﬁ.i 4'0117.7
N Ephemeroptera Families 4010 4AE2. 4.010 3.0/0 3. ! 7. 1'6155.9
N Trichoptera Taxa 3.6/15.2 2.8/46.6 2.6/0 1.3/43.3 gi;;g; ]:4;3 9. ;
N Trichopteca Families 3.21140 1.6/439 2.0/ 13433 4.0,0 X 72!15.2
N Plecoptera Taxa 6440 14120 4.0/ 4.000 1.0"0 : 3111:4
N Plecoptera Families 2.4M415 4.2120.0 A.0/0 4.6/93 |4.3'fw 5 7:2:26 T
N DipteraTaxa 8.8/23.3 136139 53739.0 9.2/11.9 3-3,'34.7 ? 4;22-3
N Diptera Families 36343 321262 2000 3.2!13.; 11.3113:4 5.3,'37‘4
N Chironomidae Taxa 3.6024 116131 33625 6.2417. _ 84 “_ —
N Qdonata Taxa _- = — — —_ - : :- — = -
N (donata Pamilies —_— —_—_ . —= - - = . - =
N Caleoptera Tana 24228 _ - — — - bt -
N Coleoptera Families .0/ _—— —_ - — !

(Table 13.3 is comtinued on facing page)
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Metrics CHLQS CLR 08 FIT 06 BT 07 SALD3 3T 02
Number of Individaals:
*N EPT Ind/Ch+EPT Ind™  0.6/22.0 0.5/13.1 1.0/2.} 0.5/2.0 0.6/233 0.7/12.5
+& EPT Individuals 45.4£22.2 46.5/12.8 94,329 81.413.0 49.6/32.8 66.7/12.8
% Ephemsroptera 36.3/19.5 26.1123.0 56.6/12.4 2B.18.3 27.6/20.8 554/10.4
% Plecoptera 4.0/50.0 ¥ET6.5 3397245 52,2245 6.1/102.3 102234
% Trichoptera 51342 277281 1,610 16346 16.1/729 1.1/49.8
*% Chironomidae 2591382 49.4/12.9 21917 1131830 3255 32.1261
% Coleoptera 24316 — — —_— — - 1.0/108.7 —_ —
% Odonara _ —_ — —_ - —_— — —_——
% Tribe Tanyrarsini 19.3/379 17.0/48.2 —— 08471 . 181316 261308
% Diptera+non-insects 46.3/18.8 56. M8 151416 19.1/13.1 51.0/15.7 344233
*% Dominant Taxoa 17.97228 17.5/29.2 V362 36.7/2.6 21.6/17.6 32.718.7
% 2 Dominant Taxa 30.5/12.0 30.6/19.9 “.7/64 547172 37.6/4.4 55,110
% Contribution of

5 Dominant Taxa J3/ 53 56.4/8.0 52.5/6.1 73.2/2.1 65.2/ 5.1 79.0/4.2
*2% of Trichoptera that

are Hydropsychidae 53.3140.1 20,010 _ — 15.0/47.1 52.2/25.3 889217
% of Ephemeroptera

that are Baetidas 38.0082.7 313946 59.0/14.6 61.5/14.0 16.2/57.4 4827154
*Total Abnndance 11,191.6/23.3 12,904.220.5 324.3/41.0 414.6/44.0 4,325.0/19.1 4.216.4/23.3
Fanctional feeding measures:
% Gatherers 53.6/8.6 76.4/3.3 89,1/0.6 79.072.3 45,6/10.8 86.1/3.4
% Gatherer Families 37.9/99 JLBRT . 51962 421752 48.1/10.8 48.0115.7
% Filterers 21,1342 3741 —— 1.9/60.0 10.0/63.8 ——
% Filteeer Families 194172 10.9/18.2 —_ — 8.4/28.9 L2272 —_ —
% Predators 3.3/43.7 38422 8.78.7 17798 10.9/50.77 58248
% Predaior Families 17570 164/534  39.3/142 24.7138.9 21.0M2.6 30.9/28.9
% Scrapers 13.3/18.4 16.1/38.1 54.4/16.9 35.3/6.0 7.8M1208 23.6/113.5
% Scraper Familtes 18.07125 2491374 42053 21.4/12.8 18.0/13.2 26.8/23.6
% Shredders 1.9/339 217801 — — 4.2731.0 30.1149.8 5.9/41.7
% Shredder Families 11.1/37.4 30.2/304 —_ — 1.1/24. 20.6M10.8 21.2/11.8
Biotic Indices:
*Family Biotic Index 33111 2.9/89 279 1.6/11.8 3.0/16.3 39/169

Richness measures showed low variability in terms of either mean values or CVs {Tablz
13.3). Among sites, mean values ranged over less than a 2-fold difference for the following:
number of families; number of Ephemeroptera, Plecoptera and Trichoptera (EPT) taxa and
families; number of Ephemeroptera familics; number of Plecoptera taxa; number of Diptera
families; the ratio of EPT individuals to EPT+Chironomidee individuals; the contsibution of
the five dominant taxa; the percentage of gatherer taka and families (Table 13.3). Coefficients
of variation showed the lowest range for number of families (8.7 to 14.8%) and the highest
range for percent Chironomidae individuals (12.9 to 91.0%). The lowest CV values were
obained for the following: number of taxa (<25.0% at all six sites) and families (<14.8%);
mumber of EPT taxa (<19.4%) and EPT families (519.9%); number of Ephemeraptera families
{217.7%); number of Plecoptera taxa (<15.2%); percentage of Ephemeroptera (£23.0%}, two
dominant taxa (19.9%) and five dominant taxa (£8.0%); percentage of gatherer taxa (<10.8%)
and families (£15.7%), Family Biotic Index ($16.9%).
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Detection of impairment in twelve sites

In the second analysis, twelve among-site comparisons were made for the detection of

impairment. For each site, mefrics were cal‘cul‘a‘tg_q when fhe information required to do thig
was available from collections at the site; e.g. calculation of the number of Trichoptera taxa
would require that Trichoptera occurred at the site. With this restriction, 6 of 17 richness
metrics, 12 of 16 enumerations, 7 of 10 functional feeding group metrics, and the Family Biotic
Index, were calculated in the twelve comparisons (Table 13.4).

Table 13.4. Stonmary of one-failed t-test eval {p = 0.05) comparing meltrics in terms of:
{a) how often data were available for a statislical camparison, from 12 sites;
(b} correct indications of impact {n = 2);
{c ta ¢} incorrect indications of impact in terms of site comparisens i different rivers from
(c) different ecaregions {n = 1), (d)} the same ecoreglon {n = 5}, (e} different sires i the smne river {n = 4),

(1) Ratio of EPT Individuals/Chironomidae+EPT Individuals.
EPT = Ephemeroptera, Plecopteta and Trichoptera combined.

N = number of Families or Taxa. See text on sampling methods for sites invalved in the comparisons.

Did the metric incotrectly indicate impairment
when sites were compared i
{a) No. of sites  (b) Meiric indicated {c) Different (d) Different {e) The same

Chapter 13 3

Metrics for calenlation impairment ecoregions?  rivers? fvers?
Richness:

Total N Taxa 12 Yes Yes Yes (2/5) Yes {1/4)
Total N Families 12 Yes Ne Yes (4/5} No 0/}
N EFT Taxa 12 Yes No Yes (U5 No {04
N EPT Families 12 Yes No Yes (2/5) No {0M)
N Ephemeroptsra Taxa 9 Yes Na Yes (1/5) No (0/1)
N Ephemeroptera Families 6 No No Yes (173) —

N Trichoptera Taxa 9 Yes No Yes (4/5) Yes (A1)
N Trichoptera Families 12 No No Yes (4/5) Wes (1/4)
N Piccoptera Tuxa 6 No No No (9/3) —

N Plecoptsra Families T _ No Yes (1/5) No (@1}
W DipteraTaxa £ No Yes Yes (4/5) Yes (1/4)
N Diptera Familiss 9 No No Yes {3/5) No (/h)
N Chironomidae Taxa 12 No Yes Yes (4/5) Yes (144)
N Odonata Thxa 0 — — — —

N Odonatg Families o — — -_ —

N Coleoptera Taxa 3 — Ne Yes (2/2) —_

N Coleaptera Families 3 — No Yes (42) —
Number of Individuals:

N EPT Ind/Ch+EPT Ind™ 12 No . Yes Yes (3/5) Yes (1/4)
% EPT [ndividuals 12 No Yes Yes {3/5) Yes (1/4)
% Ephemeroplera 12 Yes Yes Yes (4/5) Yes (1/4)
% Plecoptera [¥] No No Yes (3/5} Yes (3/)
% Trichoptera 9 No No Yes (3/5) Yes (1/1)
% Chironomidas 12 Yes Yes Yes (3/5) Yes (1/4)
% Coleoptera 4 No —_— Yes (2/2) —

% Odonata 0 —_ — — —

(Table 13.4 is continued on facing page)
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Did the metric incorrectly tndicate
impairment when sites were compared in:
(a) No. of siles  {b) Metsie indicated (c) Different (&) Different (e} The same

Mefrics for calculasion  impairment ecoregions?  rvers? rivers?
& Tribe Teaytarsini 9 Yes Ne Yes (3/5) Yes (/1)
% D;-pwa-i-non-insects 12 Yes Yes Yes (4/5) Yes (1/4)
 Dominant Taxon ¥ Yes Yes Yes (4/5) Yes (34)
¢ 72 Domnant Taxa 12 Yes Yes Yes (4/5) Yes (24)
& Contribution of

5 Dominant Taxa 12 Yes Yes Yes {3/5) Yes {4
& of Trichoptera that ’

are Hydropsychidae 7 Yes — Yes (4/4) Yes (3/1)
% of Ephemeroprera that

are Baetidae 12 Yes Yes Yes (2/5) Yes {3d)
‘Fotal Abundance 12 Yes Yes Yes (45 Yes (2/4)
Fupcfional feeding measures:
% Galherers 12 Yes Yes Yes (4/5) - Yes (2/4)
% Gatherer Families 12 Yes Yes Yes (3/5) Yes (3/4)
% Frilerers 7 No Ne Yes (2£3) Mo {0/1)
¢, Filrerer Fatnilies 7 Yes Yes Yes (213} No (0/1)
4 Predators 12 No No Yes (3/5) Yes (2/4)
% Predator Families - 12 No No No (0/5) Yes (2/4)
% Screpers 12 Yes Ne Yes (3/5) Yes (4/4)
% Scraper Families 12 No Yes Yes (¥3) Yes (444)
% Shredders iz No Yes Yes (1/3) No ¢0/1)
% Shredder Families 9 Yes Yes Yes (45) No (0f1)
Biotic Indices:
Family Biotic Index 12 No No Yes (3/5) Yes (2/4)

With regard to correct indications of impairment (ie. impairment was noted when it
occurred; e.g. Salmon River 01 and 02 cf. 03 comparisons), 6 of 12 richness metrics, 10 of 15
enumeration metrics, $ of 10 functional feeding group metrics, but not the Family Biotic Index,
had t vahies higher than expected at p = 0.05 (Table 13.4).

Incorrect designations of impairment when a site was not impaired (Type I eror) were as
follows. For unimpaired streams in different ecoregions, srrors were found for 3 of 15 richness
metrics {hat were calculable, for 10 of 13 enumerations, and for 6 of 10 functional feeding
groups moetrics. In different avers of the same ecoregion, emors were found for 35 of 65
richness comparisons, for 49 of 71 enumerations, for 26 of 44 functional feeding groups
metrics, and for 3 of 5 Biotic Index comparisons. Unimpaired sites in the same river had the
lowest errors, with erross in richness being 5 of 32, epumerations 21 of 47, functional feeding
groups 17 of 28, and Family Biotic Index 2 of 4 (Table 13.4).

Combining error rates across different scales (different ecoregions, different rivers, sites in
the same river), by summing the last three columns in Table 13.4, indicated that the best
performing metrics were all richness metrics: number of taxa (only 4 emors in 10
comparisons); families (4 of 10); EPT taxa (1 of 10) and families (2 of 10); Ephemeropiera
taxa (} of 7) and families (1 of 4); Plecoptesa taxa {0 of 4) and families {1 of 7).
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The Jowest error rates occurred when unimpaired sites in the same rivers were compared,
and this was especially evident for richness mettics. Fewcer incorrect designations occurred
(although only one site compasison was ised) when sites in different ecoregions (located
several hundred km apari) were picked because-of physical habitat similaritics, than when
streams in the same ecoregion were compared (Table:13.4).

Discussion

This analysis of metrics, calculated from macroinvertebrate collections from the Fraser River,
clearly shows three main points. (1) Richness metrics are the most useful of all the types of
metsics tested, in terms of ability to indicate impairment when it occurs and not indicating
impairment when it does not occur. ¢2) The fixed metric approach of Plafkin, Barbour et al.
(1989, which atiempts to include a variety of structural and functional measures of benthic
communities (L.e. those marked by an asterisk in Table 13.3), would not be significantly
improved by substitution of other metrics (i.e. those without an asterisk in Table 13.3), because
it is miainly the richness metrics that perform well. (3) There are more classification emors (i.e.
incorrect indications of impairment) with the multimetric approach when sites in different
rivers are compared than when sites in the same river are compared, and two sites in different
ecoregions selected because of geomorphic similarity may have fewer classification errors than
sites in the same river or region.

The high variation in mean values for the six sites in Table 13. indicates that rather than
having geographically broad-based thresholds reflecting wnimpaired conditions, locat
thresholds must be established. Given that these streams have different underlying geology,
nutrient bases, geomorphology, ete., the variability observed in mean values of benthic
macroinveriebrate melsics between subcatchments is nat unexpected. Consequenily, even for
metrics that have high CVs, finding statistically significant differences in the absence of
impairment is not surprising. Other studies have examined the appropriateness of benthic
macroinvertebrate metrics for different regions, and their results indicated that some rnetrics
could be used successfully in different regions (Table 13.5) but most could not. Although these
studies examined a Tange of metrics, it is important to note that only the richness measures
seem fo be reported as consistently useful across studies.

What can the mmltimetric approach tell us about RIVPACS-type models? Water quality
monitoring agencies worldwide are considering the use of multivariate models as the basis for
monitoring programs. Although reliance on the use of a few fixed metrics (e.g. percent EPT)
may be appropriate for developing countries (Resh 1995; Sivaramakrishnan et al. 1956), this
certainly goes against international trends. Because the regulatory agencies in the USA have
thased most of their benthic macroinvertebrate biomonitoring programs on the multimetric
approach (Resh & Jackson 1993; Resh et al 1995), Reynoldson, Normis et al. (1997
recommended that a safe, cost-effective strategy for these agencies may be (o (1) supplement
the multimetric biological collections, which are fundamentally the same as those used for
maltivariate approaches, with similar envirenmental measurements required for multivariate
analyses, and {2) do multimetric and multivariate analysis side-by-side and base the ultimate
decision of site impairment on analysis and interpretation of both approaches.

RIVPACS and other mukivariate approaches (e.g. AUSRIVAS) develop predictive models
using the presence or absence of species as the basis for predictions of faunal occurrence in test
sites, although data on density (e.g. the BEAST) and abundance (e.g. RIVPACS) are also used
in these models. From the other chapters in this volume, it is apparent that a trend in the future
development and expansion of multivariate models is to inciude non-richness metrics that
reflect other structural and fimctional aspects of benthic macroinvertebraie communities (.2,
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“Teble 13.5. Benthic macroinvertebrate metrics found to be useful In previous analyses.
Kerans er af, (1992) deteemined success of 2 metic if no differences or canststent differences were
found between the sampling devices thal were used, between riffles and pouls, and year-to-yeas differences.
Barbaur ef af. (1992) used ability to distinguish classes (montane versus valley/plains).
Resh & Jackson {1993} used low variability between sites and years,
and consistens patlerns of difference batween impacted and neimpacied sites.
Kerans & Katr (1994) used concordance with waler gquality and fish assemblage analyses,
and variability across habitats and eceregions.
Fore 2t al. (1996} distinguished distorbed sites from minimally distarbed sites.
iCerans «f af, Barbour er al. Resh & Jackson Kerans & Karr Fore et al.
(18 meirics) (17 metzics) (20 merics} (18 metrics) (30 metrics)
Plecaptera richness No. of raxa No. of taxa Taxa richness . Taxa richness
[ntolerant snail and EPT richness Neo. of EPT taxa Intolerand snail &  Ephemeroptera
mussek richness mussel richness sichness
% Endividualg in lwo Pimchann-Pearson No. of families Ephemeroptera Plecopters
rumerically dominent taxs  index richness sichness
% Omnjvores Quanlitative Margalef"s index Trichoptera Preronarcys
similarity index tichness richness
% Gatherers Biotic index Family biotic Piecoptera Trichoptera
index sichness richness
% Grazers % Dominant iaxa % Scrapers % Corbicula Intolerant taxa
richness
% Fredators Dominants in B % Oligochaeta Sediment-
common for five intalerant taxa
most abundant taxa % Omnivores richness
% Filterers Ratio of individuals % Filterers Sediment-
of Hydropsychidae iolerant taxa
% Shredders to 1atal Trichoptera % Grazers richness
% Chironomidac % Scrapers % Predators % Tolegant species
% Shredders % Individuals in % Sediment-
two nemericzily toledant species
Quantitative similarity dominant taxa
ndex for functional % Dominance of
feeding groups ‘Total abundsnce the three most
abundant taxa

see Chapter 9). However, the analysis performed in this study showed that richness metrics
were most accurate in detscting impairment and avoiding classification errors; it should be
expected that predictive, multivariate models incorporating non-richness measures will also
produce higher misclassification rates. A comparison of the BEAST and AUSRIVAS
{(Reynoldson, Noiris e al. 1997) indicated that although data on presence and absence alone (in
AUSRIVAS) has lower rates of classification errors, the inclusion of density (as in the BEAST)
may make the mode] more sensitive in detecting impairment. This suggestion needs further
testing; kowever, it does underscore the potential prablems of increased misclassification but
also the benefits of increased sensitivity from including non-richness metrics.
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Taxon richness is the most widely used evaluation measure in benthic macroinverichrate
studies of pollution effects (Resh &-chElravy 1993). Why did richness measures work better J
than enumerations, functional feeding ‘group and biotic index metrics in this study? The success
of using presence or absence infi roiation “would suggest that with impairment, tazon
abundance is not just reduced, but rather “that tixa are efiminated. Furthermore, changes in
density can result from either impaiment—relﬁtéd:pr non-impairment-related sources. Problems
with functional feeding group designations and biotic indices may involve issues of methods;
the need for correct desigpation of feeding groups (or the concept itself), and correct
designations for tolerances of individual taxa, respectively. The above questions require far
more experimental stady.

The present amalysis also has implications for the multimetric approach. Each of the melrics
in a test site that is compared to a reference site value, using percent similarity or interquartile
ranges, could also be compared using a multivariate andlysis, This inclusion conld bring
federal and local regulatory agencies in the USA more in line with worldwide trends in
approaches to monitoring water quality, and lead to greater international cooperation and
collaboration that can advance the performance of all water quality monitoring programs (Resh
& Yamamoto 1994),
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